& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY

Yang Xiao,

Huazhong University of Science and
Technology, China

REVIEWED BY

Xinxing Fu,

Capital Medical University, China
Tsutomu Nakashima,

Nagoya University, Japan

*CORRESPONDENCE

Hui Feng
feng.hui@csu.edu.cn

Ping Yan
1852325304@qqg.com

These authors have contributed equally to this
work and share first authorship

These authors have contributed equally to this
work and share last authorship

RECEIVED 20 September 2023
ACCEPTED 27 November 2023
PUBLISHED 14 December 2023

CITATION

Chen F, Chen 'Y, Jiang X, Li X, Ning H, Hu M,
Jiang W, Zhang N, Feng H and Yan P (2023)
Impact of hearing loss on cognitive function in
community-dwelling older adults: serial
mediation of self-rated health and depressive
anxiety symptoms.

Front. Aging Neurosci. 15:1297622.

doi: 10.3389/fnagi.2023.1297622

COPYRIGHT

© 2023 Chen, Chen, Jiang, Li, Ning, Hu, Jiang,
Zhang, Feng and Yan. This is an open-access
article distributed under the terms of the

Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Aging Neuroscience

Frontiers in Aging Neuroscience

TYPE Original Research
PUBLISHED 14 December 2023
pol 10.3389/fnagi.2023.1297622

Impact of hearing loss on
cognitive function in
community-dwelling older adults:
serial mediation of self-rated
health and depressive anxiety
symptoms

Fenghui Chen'?!, Yingying Chen?, Xin Jiang?, Xiaoyang Li?,
Hongting Ning?, Mingyue Hu?, Wenxin Jiang?, Nan Zhang?,
Hui Feng'** and Ping Yan?**

Xiangya Nursing School, Central South University, Changsha, China, ?Nursing School, Xinjiang Medical
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Background: Hearing loss can exacerbate cognitive decline; therefore, exploring
the mechanisms through which hearing loss affects cognitive function is crucial.
The current study aimed to investigate the impact of hearing loss on cognitive
function and the mediating role played by self-rated health and depressive anxiety
symptoms.

Methods: Using stratified whole-group random sampling, the study employed a
cross-sectional design and included 624 participants aged >65years from three
communities in Urumgqi, China. Cognitive function was assessed using the Mini-
Mental State Examination. Hearing function and self-rated health were determined
by self-report. The 15-item Geriatric Depression Scale and the 7-item Generalized
Anxiety Disorder Scale were used to assess depressive anxiety symptoms. Serial
mediation analysis was performed using AMOS 26.0.

Results: Hearing loss can not only negatively affect cognitive function in older
adults directly (direct effect=-0.106; SE = 0.045; 95% confidence interval (Cl):
—0.201 to —0.016), but also indirectly affect the relationship between hearing
loss and cognitive function through self-rated health and depressive anxiety
symptoms. The results of the serial mediation analysis showed that the total
indirect effect of self-rated health and depressive anxiety symptoms was —0.115
(95% Cl: —0.168 to —0.070), and the total effect of the model was —0.221 (95% ClI:
—0.307 to —0.132), with the total indirect effect accounting for 52.04% of the total
effect of the model.

Conclusion: Our study discovered that there is a partial mediation of the
relationship between hearing loss and cognitive function by self-rated health and
depressive anxiety symptoms. It is suggested that by enhancing self-rated health
and ensuring good mental health, the decline in cognitive function among older
adults with hearing loss can be delayed.
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1 Introduction

Mild cognitive impairment (MCI) is regarded as the subclinical
stage of dementia, and about 10-15% of patients with MCI develop
dementia each year (Petersen et al., 2001). According to the World
Health Organization (WHO), over 55 million individuals globally
suffer from dementia, with approximately 10 million newly diagnosed
cases annually, which presents a huge challenge to the long-term care
and healthcare system worldwide (WHO, 2023). However, most
people with MCI do not necessarily develop dementia. Several studies
have found that MCI is reversible, which can restore normal cognitive
function. A meta-analysis of 17 studies reported a general reversal that
was 27.57% in MCI patients (Xue et al., 2019). Therefore, considering
the rapidly aging global population, it is clinically meaningful to
search for risk factors associated with cognitive decline, which may
help to formulate precise preventive strategies to protect cognitive
function and delay the progression of MCI to dementia.

Hearing loss is a sensory impairment that is highly prevalent in
the elderly population. The Global Burden of Disease (GBD) Study
2019 showed that hearing loss, as the third disabling factor globally,
has affected 1.57 billion people worldwide (GBD 2019 Hearing Loss
Collaborators, 2021). Long-term hearing loss interferes with
communication and social interaction activities, triggers loneliness
and social isolation (Shukla et al., 2020), and has been linked to an
increased risk for MCI and dementia (Vassilaki et al., 2019). Over the
past few years, there has been significant research conducted on the
impact of hearing loss on cognitive abilities, yielding varying
outcomes. In the Rancho Bernard Study (RBS), the severity of hearing
loss was strongly related to a reduction in overall cognitive and
executive function throughout a 24-year follow-up period, and the
rate of decline increased over time (Alattar et al., 2020), while in the
Blue Mountain Eye Study, cognitive function was not significantly
affected by hearing loss (Hong et al., 2016). Although the evidence is
inconsistent, hearing loss has been widely recognized as a modifiable
risk factor that causes cognitive impairment (Livingston et al., 2020).
Notably, the mechanism of action between the two has yet to
be completely elucidated. As a result, the current study endeavored to
investigate the association between hearing loss and cognitive function
as well as identify other modifiable risk factors.

Self-rated health (SRH) is an individual’s subjective assessment
based on objective health status (Jylhd, 2009). SRH has been proven
to accurately reflect the health status of individuals, and can also
predict health-related outcomes such as the decline in physical
function, the incidence of chronic diseases, and the mortality of the
elderly (Latham and Peek, 2013; Brenowitz et al., 2014; Dramé et al.,
2023). Although research on how hearing loss affects SRH in older
adults is limited, findings from empirical studies demonstrate that
older adults with hearing loss are likely to rate their health as poorer.
A recent study conducted in Brazil found that 50.3% of patients with
hearing loss reported poor SRH (Anderle et al., 2023). Participating
in community events, such as club activities and outings with friends,
is extremely important for the physical and social engagement of
many older adults. Unfortunately, hearing loss often hinders their
ability to participate in these activities (Arnadottir et al., 2011).
Hearing loss reduces their involvement in social settings, leading to
negative effects on their overall health and well-being. These
impairments can have a significant impact on older adults’ perceptions
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of their health condition (Solheim et al., 2011). Notably, SRH was also
used as a predictor of cognitive decline (Aguinaga et al., 2023).
Previous studies found that older adults with good and stable changes
in SRH over 8 years had the slowest rate of memory decline (Bendayan
et al, 2017). An American cohort study found that poorer SRH in
midlife was related to a higher likelihood of cognitive impairment
18 years later (Wu et al., 2022). However, some research also exists that
suggests that cognitive impairment is not directly related to SRH
unless sensory impairments are present at the same time (Liu et al.,
2016). Given that older adults with hearing loss may experience a
decline in cognitive function due to poor SRH, we hypothesized that
SRH may be a mediating variable between hearing loss and cognitive
function (H1).

Depression and anxiety are common in patients with cognitive
impairment. The hazard ratios (HR) for conversion to dementia in
older adults with MCI combined with anxiety or depression were
1.18 and 4.80, respectively, compared with older adults with MIC
alone (Makizako et al., 2016; Li and Li, 2018). In addition, the link
between hearing loss and mental health is clear. An American study
found anxiety and depression in approximately one-fifth of older
adults with hearing loss (Simning et al., 2019). However, existing
studies have some limitations. When studying the connection
between hearing loss and cognitive function, the majority of studies
have mostly focused on the influence of depression rather than
anxiety. For instance, a study of 8,094 older adults aged 65 years and
older in China found that depression partially mediated the
relationship between hearing loss and cognitive function, whereas
the indirect effect of depression accounted for only 5.07% of the
total effect (Cao et al,, 2023), suggesting the existence of other
important mediating variables. Depression and anxiety often
coexist and interact with each other (Jacobson and Newman, 2017).
Data suggest that approximately 85% of depressed patients
experience significant symptoms of anxiety, and up to 90% of
patients with anxiety have comorbid depressive symptoms, making
it difficult to distinguish them (Hunt et al., 2002). This study fully
considered the comorbidity of anxiety and depression. We employed
latent variables, and the inclusion of both anxiety and depression,
two observable factors, may provide a fuller picture of an
individual’s mental health. Therefore, we further hypothesized that
depressive anxiety symptoms may mediate the relationship between
hearing loss and cognitive function (H2).

Previous evidence suggests that SRH may have a complex
bidirectional relationship with depressive anxiety symptoms. SRH
can be used in general practice to further assess individuals with
depression and anxiety (Ostberg and Nordin, 2022). In turn,
depression and anxiety are independent predictors of poor SRH over
7years (Rouch et al., 2014). Previous studies have looked into the
link between SRH and depressive anxiety symptoms and cognitive
function in the fields of genetics, pathology, and epidemiology. For
example, behavioral genetics studies suggest that the association
between SRH and spatial reasoning and perceptual speed is mediated
by genetic and nonshared environmental factors in individuals aged
up to 67 years, whereas the association between SRH and overall
cognitive function after age 67 is entirely due to genetic factors
(Svedberg et al., 2009). Neuropathological studies have suggested
that anxiety or depression interact synergistically with increased
brain amyloid deposition to increase the risk of MCI (Pink et al.,
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2022). Evidence from epidemiological studies suggests that patients
with clinical depression and comorbid anxiety had deficits in
multiple domains of cognitive functioning compared with those
with clinical depression alone (Liu et al,, 2020). Furthermore,
compared with older adults with normal hearing, those with hearing
loss had a 1.67-fold and 1.35-fold increased risk of poor SRH and
depression, respectively (Yu and Liljas, 2019), and depressive anxiety
symptoms is apt to occur in older adults with subpar SRH. However,
the mechanisms by which SRH and depressive anxiety symptoms
synergistically affect the link between hearing loss and cognitive
function remain unclear. Considering SRH and depressive anxiety
symptoms may be reciprocal, we employed two serial mediation
models to test all combinations and analyze the mediating roles of
SRH and depressive anxiety symptoms in the causal chain in specific
flows. Therefore, we hypothesized that SRH and depressive anxiety
symptoms serve as serial mediators in the link between hearing loss
and cognitive function (H3).

To further investigate the relationship between hearing loss, SRH,
depressive anxiety symptoms, and cognitive function, the current
study proposed two serial mediation models (Figure 1). The
hypothesized model can be used to elucidate the underlying
mechanisms and enrich the prevention policy of cognitive impairment
in older adults, which has important implications for public health.

10.3389/fnagi.2023.1297622

2 Methods
2.1 Study design and participants

A cross-sectional study with a stratified whole-group random
sampling method was conducted in Urumgji, Xinjiang, China. First,
the nine municipal districts of Urumgqi were divided into district
stratification, and three municipal districts were randomly selected
using the random number table method. Next, one community in
each municipal district was randomly selected using the same method.
Three communities were finally selected as representative residents in
this study. Participants were recruited from community health centers
between January and July 2022, and face-to-face interviews with
participants and on-site data collection were conducted. As a result of
the aging process, it is possible that older individuals experiencing
hearing loss may encounter challenges in accurately responding to
inquiries owing to their diminished auditory capabilities. Thus, all
investigators were professionally trained. When participants had
hearing difficulties, investigators minimized the effect of hearing
difficulties on question answering by slowing down the speed of
speech, increasing the volume of the voice, or using the text form so
that the participants could understand the items of the questionnaires
clearly and answer them accordingly. In addition, to avoid language

A
Self-rated
health
Hearing loss
B
Depressive
anxiety
Symptoms

Hearing loss

FIGURE 1

Hypothetical model. Panel (A) represents the serial mediation model 1 and Panel (B) represents the serial mediation model 2.

Depressive
| anxiety
symptoms
Cognitive
function
> Self-rated
health
Cognitive
function
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and cultural differences, the investigators included health workers and
medical students who were familiar with the ethnic languages.
Inclusion criteria were as follows: (1) current patients aged >65 years;
(2) living in a community for >6months; (3) volunteering to
participate and providing informed consent for this study; and (4)
clear consciousness and no language impairment. Exclusion criteria
were as follows: (1) patients with physician-diagnosed dementia,
mental or severe physical illness that prevents them from performing
cognitive assessment tests; (2) hospitalized and elderly patients who
are bedridden for long periods.

The N:q ratio is considered a simple and reliable rule to estimate the
minimum sample size of a structural equation model because it takes into
account the complexity of the model to be estimated, in which N is the
number of samples and q is the parameter to be estimated in the model.
Bentler and Chou (1987) state that a ratio of at least 5:1 between the
sample size and the parameter being estimated is required to ensure that
the estimate of the parameter is plausible, and a ratio of at least 10:1 is
required to ensure the validity of the significance test (Bentler and Chou,
1987). Jackson (2003) suggests that 20:1 is a more desirable ratio (Jackson,
2003). In this study we used a ratio of 20:1 to determine the minimum
sample size, where 22 parameters (coefficients of 6 paths, factor loadings
between 5 observed and latent variables, measurement errors of 9
observable variables, and structural errors of 2 endogenous latent
variables) needed to be estimated in this study, and a sample size of at least
440 is recommended. Recruiting a total of 646 participants, of whom 12
had dementia, 2 had missing data on both SRH and hearing function, 3
had missing data on SRH, 1 had missing data on hearing function, and 4
had missing data on cognitive function. By including 624 participants, the
ultimate study sample met the minimum requirements for sample size.

2.2 Ethical statement

The Medical Ethics Committee of the First Affiliated Hospital of
Xinjiang Medical University approved this study (Ethics Approval No.
K202009-05). All participants provided written informed consent.

2.3 Measures

2.3.1 Hearing loss

Hearing loss was measured by self-report (Valete-Rosalino and
Rozenfeld, 2005). Participants examined their hearing status by
answering the following question: “Do you have any difficulty hearing
without the use of hearing aids?” “Difficulty” was coded as having a
hearing loss, while “no difficulty” indicated no hearing loss.

2.3.2 SRH

SRH was determined based on the following question: “How do
you think your health is? Is it very poor, poor, fair, good, or excellent?”
SRH was measured using a 5-point scale, with 1 being very poor and
5 being excellent. The higher the score, the better the SRH.

2.3.3 Depressive anxiety symptoms
2.3.3.1 Depression

The 15-item Geriatric Depression Scale (GDS-15) is a 15-item
assessment scale designed by Sheikh and Yesavage based on the

30-item Geriatric Depression Scale (GDS-30) developed by Brink and
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Yesavage in 1982 (Yesavage et al., 1982; Sheikh and Yesavage, 1986).
The GDS-15 scale assesses older adults’ negative thoughts, low mood,
reduced activity level, and negative perceptions of their present and
future lives. Participants answered questions based on how they felt
the past week, with a total score ranging from 0 to 15, with higher
scores indicating greater depressive symptoms, whereas scores >8
indicate depressive symptoms. The reliability and validity of the
GDS-15 scale as a depression screening tool were demonstrated in a
community-dwelling Asian elderly population (Nyunt et al., 2009). In
this study, the Cronbach’s alpha coefficient for the scale was 0.716.

2.3.3.2 Anxiety

The 7-item Generalized Anxiety Disorder scale (GAD-7) was used
to assess anxiety symptoms (Spitzer et al., 2006). It consists of seven
items that are used to assess how frequently participants experienced
each symptom in the previous two weeks, and each item is scored

» «

from 0 to 3, equivalent to “none;

» «

a few days,” “over 50 % of the time;”
and “almost every day” The overall GAD-7 scale score has a range of
0 to 21, with a score of 5 and above indicating the presence of anxiety
symptoms. In this study, the Cronbach’s alpha coefficient for the scale
was 0.910.

2.3.4 Cognitive function

Cognitive function was measured through the Mini-Mental State
Examination (MMSE) (Folstein et al., 1975). The scale is one of the
most extensively used tools in cognitive impairment evaluation, with
its ratings being impacted by literacy. It contains 30 items with five
dimensions: orientation (10 items), memory (3 items), attention and
calculation (5 items), recall (3 items), and language capacity (9 items).
The maximum score on the MMSE is 30, with lower scores indicating
poorer cognitive function. The division boundaries for cognitive
impairment were: illiteracy score <17, primary school score <20, and
junior high school and above score <24. In this study, the Cronbach’s
alpha coefficient for the scale was 0.910.

2.3.5 Covariates

Participants’ demographic information, lifestyle, fall history in the
previous year, nutritional status, and somatic function were collected
during the baseline study. Demographic information included age,
gender, ethnicity, education level, living alone, and monthly household
income. Lifestyle included a history of smoking and drinking. Fall
history was determined by self-report. The Mini Nutritional
Assessment Short Form (MNA-SF) was used to assess nutritional
status; an MNA-SF score of <11 was defined as malnutrition
(Rubenstein et al., 2001). For the evaluation of somatic function, the
instrumental activities of daily living (IADL) scale was used, and an
IADL score of <8 was defined as JADL impairment (Lawton and
Brody, 1969).

2.4 Statistical analysis

For data processing and statistical analysis, IBM SPSS 27.0 was
used. Continuous variables were assessed for normality using the
Kolmogorov-Sminov test. Normally distributed data are expressed as
mean *standard deviation(SD), whereas non-normally distributed
data are expressed as median with an interquartile range of 25-75%
in parentheses. Categorical variables were described using the number
of cases and percentages. Chi-square tests and Fisher’s exact tests were
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used to compare sociodemographic and health-related characteristics
between participants with and without cognitive impairment.
Differences in MMSE scores across sociodemographic and health-
related characteristics were compared using the Mann-Whitney test
and the Kruskal-Wallis test. Spearman’s correlations were conducted
to test the relationships between hearing loss, SRH scores, depressive
symptom scores, anxiety symptom scores, and cognitive function
scores. Statistical significance was defined as a value of p of <0.05.

IBM AMOS version 26.0 was used to construct the structural
equation model, and since the hearing function is a dichotomous
variable, we processed it as a dummy variable before incorporating it
into the study model, used the maximum likelihood method for
parameter estimation, and evaluated the model fit using the goodness-
of-fit test. The following criteria were used to judge the goodness of fit
of the model: the chi-squared divided by the degrees of freedom (y*/
df) ratio was less than 3, Goodness of Fit Index (GFI), Adjusted
Goodness of Fit Index (AGFI), Comparative Fit Index (CFI), Normed
Fit Index (NFI), and Tucker-Lewis Index (TLI) were greater than 0.90,
and the root mean square error of approximation (RMSEA) was less
than 0.08; The stability of the mediating effects and parameter
estimates were examined using the Bootstrap method (Barber and
Thompson, 2000). Bootstrapping is a type of repeated sampling in
which a random sample of the same size is drawn with a return, and
does not require the assumption of normality of the sampling
distribution. We used 5,000 bootstrap resamples to calculate 95% bias-
corrected confidence intervals (Preacher and Hayes, 2008). If the
upper and lower limits did not include 0, it was statistically significant.

Robustness tests were conducted to determine the validity of the
study model. The first method is, the alternative modeling method.
Model 4 of the SPSS Macro Process was used to test for mediating
effects (Hayes and Preacher, 2014), and variables that differed
significantly in the chi-square test and Fisher’s exact test were used as
control variables. The second method, changing the sample
composition. Expanding the sample size fills in missing data values
through multiple interpolations. Reducing the sample size tested the
male sample by stratifying for gender.

2.5 Common method biases

Data collected through participants’ self-reports may be subject to
common method bias, and this bias may lead to misinterpretation of
the study results. To rule out common method bias, Harman’s
one-factor test was utilized (Podsakoff et al., 2003). This revealed that
the amount of variance explained by the first common factor
accounted for was 20.89% (<40%), indicating that there was no
substantial common method bias in the study’s data.

3 Results
3.1 Baseline characteristics

Participants were 624 community-dwelling older adults with a
mean age of 72.42+6.07 years were included, of which 151 (24.2%)
had cognitive impairment and 249 (39.9%) had hearing loss. In
addition, only 9 of 249 older adults with hearing loss wore hearing aids
(3.61%), and 33.7% of all older adults with hearing loss had cognitive
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impairment. Sociodemographic and health-related characteristics of
participants grouped by cognitive function are shown in Table 1.
We found significant differences between the different cognitive
function groups in terms of gender, age, number of falls, nutritional
status, depressive symptoms, anxiety symptoms, SRH, and hearing
function (p <0.05), whereas the differences were not statistically
significant regarding ethnicity, education level, living alone, monthly
household income, smoking history, drinking history, and IADL
condition (p >0.05). A comparison of the MMSE scores of older adults
with diverse characteristics revealed that differences in MMSE scores
were statistically significant in terms of age, education level, living
alone, monthly household income, nutritional status, number of falls
in the previous year, hearing function, depressive symptoms, anxiety
symptoms, and SRH (p <0.05), whereas the differences were not
statistically significant regarding gender, ethnicity, smoking history,
drinking IADL >0.05)

history, and condition  (p

(Supplementary Table S1).

3.2 Correlation analysis of the main study
variables

Descriptive statistics and Spearman’s correlations for the main
study variables are shown in Table 2. Hearing loss was found to have
a positive connection with anxiety (r=0.167, p<0.01) and depression
(r=0.195, p<0.01). SRH (r =-0.350, p<0.01) and cognitive function
(r=—0.164, p<0.01) were both adversely linked with hearing loss.

3.3 Study model testing

The hypothesized models were tested for goodness-of-fit, and the
results of the goodness-of-fit tests for the serial mediation model 1 and
serial mediation model 2 were consistent with the following results:
ydf=2.662, GFI=0.979, AGFI=0.958, CFI=0.967, NFI=0.949,
TLI=0.948, and RMSEA =0.052, all of which met their respective
criteria. Table 3 shows the standardized estimates of the paths in each
serial mediation model. The results of the path analyses showed that
hearing loss had a negative effect on SRH, cognitive function, and a
positive effect on depressive anxiety symptoms. SRH had a negative
effect on depressive anxiety symptoms (See Figure 2 for serial
mediation model 1 and Figure 3 for serial mediation model 2).

3.4 Serial mediation model

The study examined the relationship between SRH, depressive
anxiety symptoms, and cognitive function by analyzing two different
causal orders. Table 4 shows the bootstrap results for indirect effects.
The results of the serial mediation analysis showed that the total
indirect effect of SRH and depressive anxiety symptoms was —0.115
(95% CI: —0.168 to —0.070), and the total effect of the model was
—0.221 (95% CI: —0.307 to —0.132), with the total indirect effect
accounting for 52.04% of the total effect of the model. In serial
mediation model 1, the indirect effect path (HL — SRH — DAS — CF)
had an indirect effect of —0.029 (SE=0.013, 95%: —0.058 to —0.007).
In the serial mediation model 2, the indirect effect paths
(HL - DAS — SRH — CF) had an indirect effect of —0.016 (SE=0.006,
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TABLE 1 Characteristics of study participants stratified by cognitive function (n = 624).

Variable

Categories

Cognitive function

Normal N =473 n
(weighted %)

Impaired N =151 n
(weighted %)

10.3389/fnagi.2023.1297622

Gender Male 189 (40.0%) 79 (52.3%) 7.137 0.008
Female 284 (60.0%) 72 (47.7%)

Age(years) 65-74 331 (70.0%) 80 (53.0%) 22.644 <0.001
75-84 131 (27.7%) 57 (37.0%)
>85 11 (2.3%) 14 (9.3%)

Ethnicity Han 392 (82.9%) 122 (80.8%) 0.341 0.559
Ethnic minority 81 (17.1%) 29 (19.2%)

Education level Tlliteracy 75 (15.9%) 24 (15.9%) 9.095 0.059
Elementary school 145 (30.7%) 31 (20.5%)
Middle school 142 (30.0%) 49 (32.5%)
Senior high school 73 (15.4%) 36 (23.8%)
College and above 38 (8.0%) 11 (7.3%)

Living alone Yes 76 (16.1%) 34 (22.5%) 3.287 0.070
No 397 (83.9%) 117 (77.5%)

Monthly household

income (CNY) <1,000 25 (5.3%) 5(3.3%) 6.656 0.155
1,000-2,999 107 (22.6%) 33 (21.9%)
3,000-4,999 149 (31.5%) 40 (26.5%)
5,000-9,999 154 (32.6%) 65 (43.0%)
>10,000 38 (8.0%) 8 (5.3%)

Smoking history Yes 58 (12.3%) 17 (11.3%) 0.109 0.741
No 415 (87.7%) 134 (88.7%)

Drinking history Yes 84 (17.8%) 20 (13.2%) 1.679 0.195
No 389 (82.8%) 131 (86.8%)

Nutritional status Malnutrition 32 (6.8%) 23 (15.2%) 10.208 0.001
Normal 441 (93.2%) 128 (84.8%)

TADL condition Impaired 21 (4.4%) 3 (2.0%) 1.862 0.172
Not impaired 452 (95.6%) 148 (98.0%)

Number of falls Never 389 (82.2%) 115 (76.2%) 8.653 0.013
1-3 66 (14.0%) 21 (13.9%)
>4 18 (3.8%) 15 (9.9%)

Depressive symptoms Yes 11 (2.3%) 11 (7.3%) 8.276 0.004
No 462 (97.7%) 140 (92.7%)

Anxiety symptoms Yes 74 (15.6%) 44 (29.1%) 13.592 <0.001
No 399 (84.4%) 107 (70.9%)

SRH Very poor 1(0.2%) 0 (0.0%) 26.286 <0.001
Poor 31 (6.6%) 30 (19.9%)
Fair 162 (34.2%) 51 (33.8%)
Good 212 (44.8%) 59 (39.1%)
Excellent 67 (14.2%) 11 (7.3%)

Hearing function Normal 308 (65.1%) 67 (44.4%) 20.542 <0.001
Loss 165 (34.9%) 84 (55.6%)

CNY, Chinese Yuan. IADL, Instrumental Activity of Daily Living; SRH, Self-rated health.
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TABLE 2 Spearman correlation analysis between the main study variables.

10.3389/fnagi.2023.1297622

Variable Hearing loss Depression Anxiety Cognitive
function

Hearing loss 0.40+0.49 1

Depression 2.16+2.13 0.195%* 1

Anxiety 2.31£3.20 0.167%* 0.414%* 1

SRH 3.58+0.84 —0.350%* —0.305%* —0.274%* 1

Cognitive function 24.68+5.41 —0.1647** —0.106** —0.164** 0.212%* 1

SRH, Self-rated health; **Correlation is significant at the 0.01 level (two-tailed).
TABLE 3 Path coefficients of the study model.
Path Standardized SE CR P
Regression Weights

Serial Mediation Model 1

c HL - CF —0.106 0.118 —2.263 0.024

al HL - SRH —0.361 0.064 —9.671 <0.001

a2 HL — DAS 0.126 0.217 2.596 0.009

bl SRH — CF 0.165 0.077 3.175 0.001

b2 NE - CF —0.210 0.035 —3.432 <0.001

d SRH - DAS -0.377 0.144 —6.844 <0.001

Serial Mediation Model 2

c HL - CF —0.106 0.118 —2.263 0.024

al HL - DAS 0.263 0.225 5.201 <0.001

a2 HL - SRH —0.269 0.065 —7.074 <0.001

bl DAS - CF —0.210 0.035 —3.432 <0.001

b2 SRH — CF 0.165 0.077 3.175 0.001

d DAS - SRH —0.352 0.019 -7.075 <0.001

HL, Hearing loss; SRH, Self-rated health; DAS, Depressive anxiety symptoms; CF, Cognitive function; SE, Standard error; CR, Critical ratio.

95%: —0.030 to —0.005). In the relationship between hearing loss and
cognitive functions, SRH and depressive anxiety symptoms co-played
a serial mediating role. This suggests that loss of hearing function
leads to an increased risk of poor SRH or depressive anxiety
symptoms, which in turn leads to a decline in cognitive function.

3.5 Robustness check

First, the alternative modeling approach. The independent
mediating roles of SRH, depression, and anxiety between hearing loss
and cognitive functioning were tested, controlling for gender, age,
number of falls, and nutritional status variables. The results showed
that the mediating effects of SRH, depression, and anxiety were all held
after controlling for confounders (see Supplementary Table 52 and
Figure 1). Second, the sample composition was changed. The model
was retested using the new sample after filling in missing values
(sample size =634) and the male sample (sample size=268). The results
showed that the model fit was more favorable to the data, and the
results of the mediation analyses were generally consistent with the
original model (see Supplementary Table S3).

Frontiers in Aging Neuroscience

4 Discussion

The present study found a 24.2% prevalence of cognitive
impairment in older adults from the Xinjiang community in
northwestern China, which was somewhat higher than the general
prevalence of 22.4% of cognitive impairment in China (Qin et al,,
2022) and higher than the prevalence of 6.3% in the UK (Richardson
etal, 2019). We also noted self-reported hearing loss among 39.9%
of older adults, which was much higher than the 9.7% in Japan
(Kawaguchi et al., 2023) and 23.2% in Korea (Lee and Chung,
2023). Given the high prevalence of cognitive impairment and
hearing loss among community-dwelling older adults in
northwestern China, local health organizations and relevant
authorities should put a high premium on this situation.
Furthermore, we found that hearing loss not only affects cognitive
function directly but also indirectly through SRH and depressive
anxiety symptoms. Moreover, SRH and depressive anxiety
symptoms as mediators had a total mediating effect of 52.04%,
greater than the direct effect of hearing loss on cognitive function,
suggesting that our mediators are critical in explaining how hearing
loss relates to cognitive function.
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Serial Mediation Model 1

p<0.05, **p<0.01, ***p<0.001

Depression

Anxiety

Self-rated health

al=-0.361%*+ 220126+

b1=0.165%**

—0.771%**

Depressive anxiety

Hearing loss c=-0.106*

FIGURE 2

Serial mediation model 2 same as above.

06825+

Orientation
b2=-0.210%**
0.706%** Memory
0.602%**
Attention&
it : K,
Cognitive function 0.556%* * P Calculation
0.486%**

0.766%** Recall
Language

Serial mediation model 1. Rectangles for observed variables, ellipses for latent variables. e1-e9 denote measurement errors of the corresponding
observed variables and d1-d2 denote structural errors of the corresponding endogenous variables. The values attached to the arrows are the direct
effects of normalization. The numbers attached to the arrows between the latent and observed variables are the standardized factor loading values.

Serial Mediation Model 2
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Depressive anxiety
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FIGURE 3
Serial mediation model 2.

*p<0,05, **p<0.01, ***p<0.001
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4.1 Direct effect of hearing loss on
cognitive function

Our findings showed that hearing loss significantly and negatively
affected cognitive function in older adults. We also found that 33.7%

Frontiers in Aging Neuroscience

of older adults with hearing loss suffered from cognitive impairment.
This result indicates that hearing loss poses a serious threat to the
cognitive health of older adults. Multiple hypotheses have been used
to explain the mechanisms linking hearing loss and cognitive decline.
For example, the common etiology hypothesis suggests that the
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TABLE 4 Comparisons of the bootstrap results of the serial mediation models 1 and 2 (standardized coefficients).

Estimate 95%Bias-corrected Percentage of
confidence intervals Total Effects (%)
Lower Upper
Total effect —-0.221 0.045 <0.001 —0.307 —0.132 100
Direct effect —0.106 0.047 0.021 —0.201 —0.016 47.96
Total indirect effect —0.115 0.025 <0.001 —0.168 —0.07 52.04
Serial Mediation Model 1
Indirect effect (HL — SRH — CF) —0.059 0.022 0.005 —0.103 —-0.018 26.70
Indirect effect (HL — DAS — CF) —0.027 0.015 0.013 —0.066 —0.005 12.22
Indirect effect
—0.029 0.013 0.009 —0.058 —0.007 13.12
(HL — SRH — DAS — CF)
Serial Mediation Model 2
Indirect effect (HL - DAS — CF) —0.055 0.026 0.008 —0.155 -0.013 24.89
Indirect effect (HL — SRH — CF) —0.044 0.017 0.005 —0.080 —-0.013 19.91
Indirect effect
—-0.016 0.006 0.003 —0.030 —0.005 7.24
(HL — DAS — SRH — CF)

HL, Hearing loss; SRH, Self-rated health; DAS, Depressive anxiety symptoms; CE, Cognitive function; SE, Standard error.

association between hearing loss and cognitive decline may be due to
common neurodegenerative disorders and there is no clear causal
relationship between the two (Uchida et al., 2019). According to the
sensory deprivation hypothesis, auditory decline leads to a reduction
in the transmission of auditory information to the brain and a long-
term lack of a sufficient amount of perceptual stimulation, causing
atrophy in areas of the auditory system, resulting in the onset of
cognitive decline (Slade et al., 2020). According to the information
degradation hypothesis, patients with hearing loss tend to listen hard,
which can overconsume the brain’s cognitive resources to offset the
absence of auditory information, and in the long term, cognitive
resources will be over-utilized, leading to cognitive decline (Powell
et al,, 2021). Although the exact underlying mechanism between
hearing loss and cognitive decline remains unclear, current research
suggests that restoring auditory input improves auditory neural
function and cognitive function in hearing loss patients (Karawani
et al., 2018). Hearing loss interventions can prevent or delay 8% of
dementia (Livingston et al., 2020). Therefore, the management of
hearing in older adults should be enhanced to improve hearing
function and reduce cognitive deterioration and other adverse effects.

4.2 Mediating role of SRH

To the best of our knowledge, few studies to date have used SRH
as a mediator to investigate the relationship between hearing loss and
cognitive function. Our study demonstrated that hearing loss can
indirectly affect cognitive function in older adults through
SRH. Although there is a high prevalence of poor SRH in older adults
with hearing loss, the underlying mechanisms remain unclear. Most
studies support that the nature of hearing loss (congenital or acquired)
and the degree to which hearing loss causes limitations in daily
activities affect SRH (Anderle et al., 2023). Hearing loss in older adults
not only affects their daily communication and interactions but also
leads to other health problems such as impaired lower limb function,
frailty syndrome, and IADL disability (Yévenes-Briones et al., 2021).
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Thus, older people with hearing loss may perceive significant changes
in their lifestyle, activities, and social life due to physical limitations,
and they may be aware of their health decline compared to their past
or peers, thus making a poor evaluation of their health (Pinto et al.,
2016). Hogan et al. (2015) argues that when an individuals coping
mechanisms are not well-suited to the demands of their environment,
they are more likely to experience increased stress and diminished
well-being, ultimately leading to a lower SRH (Hogan et al., 2015).
Whitmore et al’s (2023) study suggests that SRH may initially decrease
when individuals experience a disease adversity, such as a new
diagnosis. However, as resources are activated and older adults recover
or adapt to adversity, SRH may return to its original levels or even
increase Furthermore, Whitmore’s study indicates that individuals with
congenital hearing impairment are not necessarily associated with poor
SRH. This is because they develop alternative communication
mechanisms apart from speaking and hearing. Moreover, after
receiving hearing aids and/or rehabilitation, they develop coping
strategies, such as sign language and oral-facial reading, to integrate
into the community (Anderle et al,, 2023). All of this evidence suggests
that individuals who are unable to cope with the changes brought about
by hearing loss and lack appropriate coping strategies, such as seeking
professional help or using hearing aids, are more likely to experience
poor SRH. Working memory refers to an individual’s ability to
temporarily store and manipulate information while performing a
cognitive task, and a poor SRH is associated with poorer overall
cognition and working memory, which leads to decreased cognitive
function (Aguiniaga et al., 2023). Thus, more emphasis should be placed
on improving the poor SRH in older adults, which could be a novel
approach to preventing or delaying cognitive decline.

4.3 Mediating role of depressive anxiety
symptoms

Results from our study imply that older adults suffering from
hearing loss are more likely to experience depression and anxiety,
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which raises the likelihood of cognitive deterioration. Hearing loss
has historically been related to poor mental health (Bigelow et al.,
2020). 1hearing loss and depressive anxiety symptoms. For instance,
reduced auditory input leads to dysfunctional emotional processing
circuits that are dysfunctional key limbic structures responsible for
emotion and behavior, which can lead to impaired perception and
misclassification of emotional responses (Zinchenko et al., 2018).
Decreased amygdala and hippocampal responsivity to emotional
sounds in patients with hearing loss is another potential mechanism,
which can contribute to the occurrence of depression (Husain et al.,
2014). Disrupted connections in the amygdala also exacerbate
anxiety associated with hearing loss (Tang et al., 2020). Behavioral
mechanisms have also been used to explain the relationship between
hearing loss and depressive anxiety symptoms. Due to the negative
impacts of hearing loss, such as social isolation, loneliness, and
limited mobility, it can raise the risk of depressive anxiety symptoms
(Sharma et al., 2021). Evidence suggests that anxiety and depression
have severely adverse consequences on the transient memory
domain of cognitive capability in patients with hearing loss, thereby
accelerating cognitive decline (Andries et al., 2023). Additionally,
anxiety and depression accelerate the rate of atrophy in the frontal
and temporal lobes of the brain, respectively, facilitating the
progression of MCI toward Alzheimer’s disease (Mah et al., 2015;
Sacuiu et al., 2016). Thus, reducing anxiety and depressive symptoms
in older adults with hearing loss possibly protects their cognitive
function to some extent, which warrants further exploration in
the future.

4.4 Serial mediation effect of SRH and
depressive anxiety symptoms

A series of mediating effects of SRH and depressive anxiety
symptoms provide new perspectives on the mechanisms through
which hearing loss affects cognitive function. In serial mediation
model 1, hearing loss initially caused poor SRH and subsequently
increased the risk of depressive anxiety symptoms, which may have
led to a more rapid cognitive decline. In addition to the high burden
of hearing loss and its adverse influence on the quality of life, hearing
loss affects patients’ SRH and psychosocial (Jayakody et al., 2022).
Patients with hearing loss may have poor SRH due to limited social
participation and disability in daily activities in the absence of hearing
aids (Anderle et al., 2021). A Brazilian study found that the odds of
reporting poor SRH in peers who perceived hearing loss as a health
problem were 3.72 times higher compared with peers who failed to
perceive hearing loss as a health problem (Guia et al., 2018). Poor SRH
can lead to a lack of perceived self-worth and meaning in an
individuals life (Vogel et al., 2021). Therefore, patients with hearing
loss are more likely to exhibit ‘disengaged coping’ to escape the stress
and exhaustion related to social interactions, as well as the
embarrassment of displaying hearing difficulties before other people,
which implies avoiding addressing hearing loss by opting out or
withdrawing, for instance, withdrawing from social gatherings or
pretending to hear during conversations (Heffernan et al., 2016). This
negative coping can exacerbate mental tension, undermine mental
health, and lead to the onset of anxiety and depression. Depression
and anxiety are clinical markers that can help identify early signs of
cognitive decline (Perin et al., 2022).
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In serial mediation model 2, hearing loss initially leads to
depressive anxiety symptoms and subsequently increases the risk of
poor SRH, which can lead to a decline in cognitive function. If
individuals with hearing loss adopt appropriate coping mechanisms
(e.g., care-seeking behaviors, hearing rehabilitation training, wearing
hearing aids, and seeking social support), the negative psychosocial
and health consequences of hearing loss can be mitigated (Wells et al.,
2020). In this case, hearing loss patients have a low risk of depression
and anxiety and tend to make a positive assessment of their health.
Moreover, individuals with good SRH perform better in executive
function, working memory, and global cognition than individuals
with poor or fair SRH (Aguinaga et al., 2023). This study found that
SRH and depressive anxiety symptoms are interrelated, regardless of
the direction in which they flow between hearing loss and cognitive
function, both of which have a serial mediation effect, shedding light
on the mechanisms through which hearing loss impacts cognition.
These findings suggest that older individuals should prioritize not only
the management of hearing loss but also the management of SRH and
mental health.

4.5 Implications and limitations

This study innovatively used SRH and depressive anxiety
symptoms as mediating variables and confirmed that both SRH and
depressive anxiety symptoms partially mediated the relationship
between hearing loss and cognitive function in community-dwelling
older adults. These findings may help identify people at high risk of
cognitive impairment and ultimately prevent and treat this disease
through the management of SRH and depressive anxiety symptoms in
older adults with hearing loss. According to the data, the prevalence
of hearing loss among Chinese adults over 60 years old is 58.85%, but
the rate of hearing aid acquisition is only 6.5% (Gong et al.,, 2018),
which is lower than the 10% in Japan and 17.4% in South Korea
(Moon et al,, 2015; Sugiura et al., 2022). Reliable evidence suggests
that the use of hearing aid devices in patients with hearing loss reduces
the risk of cognitive decline by 19% (Yeo et al., 2023). In this study,
only 3.61% of older adults with hearing loss had access to hearing aids,
well below the national level and in other Asian countries. We suggest
that older adults with hearing loss should be promptly identified and
managed to improve the utilization of hearing aid devices. Future
studies should also develop cognitive function assessment tools that
are more applicable to older adults with hearing loss. Community and
medical personnel should regularly assess SRH and the mental health
of older adults, especially those with hearing loss, which may facilitate
the early detection of cognitive problems. Previous research found that
the number and quality of social networks can buffer the adverse
impacts of poor SRH on mental health (Windsor et al., 2016), and
therefore older adults should be encouraged to engage in more social
group activities regularly to build a good social support system.

Although this study has some theoretical and practical
implications, some limitations exist. First, this cross-sectional study
did not fully elucidate the causal relationships among hearing loss,
SRH, depressive anxiety symptoms, and cognitive function.
Longitudinal studies with large sample sizes are needed to
comprehensively explore the causal relationships among the
investigated variables. Second, hearing loss was determined by self-
report in this study. Although self-reported hearing loss is a brief and
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highly effective indicator in epidemiological studies, there is a need to
jointly use self-reported hearing loss with hearing status measured by
pure-tone audiometry for screening and research (Louw et al., 2018).
Finally, the study variables in this study were surveyed by
questionnaire and may be subject to reporting bias.

5 Conclusion

In summary, this study investigated the relationships among
hearing loss, SRH, depressive anxiety symptoms, and cognitive
function. The pathway analysis revealed that hearing loss can affect
cognitive function directly as well as indirectly through the serial
mediation effects of SRH and depressive anxiety symptoms. These
findings may help to identify and manage cognitive problems in older
adults on time. Additionally, focusing on enhanced management of
hearing loss — complemented by the management of SRH and mental
health — may be another effective public health strategy to protect
cognitive function in older adults.

Data availability statement

The datasets presented in this article are not readily available
because the data are available from the corresponding author upon
reasonable request. Requests to access the datasets should be directed
to FC, 1152065261@qq.com.

Ethics statement

The studies involving humans were approved by Medical Ethics
Committee of the First Affiliated Hospital of Xinjiang Medical
University (Ethics Approval No. K202009-05). The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

FC: Funding acquisition, Investigation, Supervision, Writing —
review & editing. YC: Conceptualization, Formal analysis, Writing -
original draft. XJ: Investigation, Visualization, Writing - review &
editing. XL: Formal analysis, Writing - review & editing. HN:
Methodology, Writing - review & editing. MH: Validation, Writing

References

Aguifiaga, S., Guzman, ], Soto, Y., and Marquez, D. X. (2023). Self-rated health as a
predictor of cognition among middle-aged and older Latinos. Neuropsychol. Dev. Cogn.
B Aging Neuropsychol. Cogn. 30, 388-401. doi: 10.1080/13825585.2022.2038070

Alattar, A. A., Bergstrom, J., Laughlin, G. A., Kritz-Silverstein, D., Richard, E. L., Reas, E. T.,
etal. (2020). Hearing impairment and cognitive decline in older, community-dwelling adults.
J. Gerontol. A Biol. Sci. Med. Sci. 75, 567-573. doi: 10.1093/gerona/glz035

Anderle, P, Rech, R. S., Baumgarten, A., and Goulart, B. N. G. (2021). Self-rated
health and hearing disorders: study of the Brazilian hearing-impaired population. Cien.
Saude Colet. 26, 3725-3732. doi: 10.1590/1413-81232021269.2.07762020

Frontiers in Aging Neuroscience

11

10.3389/fnagi.2023.1297622

- review & editing. WJ: Writing - review & editing, Data curation.
NZ: Writing - review & editing. HF: Conceptualization, Project
administration, Supervision, Writing - review & editing. PY:
Conceptualization, Funding acquisition, Investigation, Writing —
review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by the National Key Research and Development Program
of China [Grant No. 2020YFC2008603], the Science and Technology
Aid to Xinjiang Project [Grant No. 2022E02119], and the Innovation
and Entrepreneurship Training Program for College students in
Xinjiang Uygur Autonomous Region [Grant No. $202210760071].

Acknowledgments

The authors are grateful to all the participants who contributed to
this study.

Conflict of interest

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

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/fnagi.2023.1297622/
full#supplementary-material

Anderle, P, Ziegelmann, P. K, and de Goulart, B. N. G. (2023). Association between
impairment and self-rated heath: a brazilian population study considering type, origin,
and degree of limitation. BMC Public Health 23:580. doi: 10.1186/512889-023-15445-w

Andries, E., Nelen, J., de Smit, S., Sluyts, M., Gilles, A., Van Rompaey, V., et al. (2023).
The effect of anxiety and depression on cognition in older adults with severe-to-
profound hearing loss. Eur. Arch. Otorhinolaryngol. doi: 10.1007/s00405-023-08080-z
[Epub ahead of print].

Arnadottir, S. A., Gunnarsdottir, E. D., Stenlund, H., and Lundin-olsson, L. (2011).
Participation frequency and perceived participation restrictions at older age: applying

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1297622
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
mailto:1152065261@qq.com
https://www.frontiersin.org/articles/10.3389/fnagi.2023.1297622/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2023.1297622/full#supplementary-material
https://doi.org/10.1080/13825585.2022.2038070
https://doi.org/10.1093/gerona/glz035
https://doi.org/10.1590/1413-81232021269.2.07762020
https://doi.org/10.1186/s12889-023-15445-w
https://doi.org/10.1007/s00405-023-08080-z

Chen et al.

the international classification of functioning, disability and health (ICF) framework.
Disabil. Rehabil. 33, 2208-2216. doi: 10.3109/09638288.2011.563818

Barber, J. A., and Thompson, S. G. (2000). Analysis of cost data in randomized trials:
an application of the non-parametric bootstrap. Stat. Med. 19, 3219-3236. doi:
10.1002/1097-0258(20001215)19:23<3219::aid-sim623>3.0.c0;2-p

Bendayan, R., Piccinin, A. M., Hofer, S. M., and Muniz, G. (2017). Are changes in
self-rated health associated with memory decline in older adults? J. Aging Health 29,
1410-1423. doi: 10.1177/0898264316661830

Bentler, P. M., and Chou, C.-P. (1987). Practical issues in structural modeling. Sociol.
Methods Res. 16, 78-117. doi: 10.1177/0049124187016001004

Bigelow, R. T., Reed, N. S., Brewster, K. K., Huang, A., Rebok, G., Rutherford, B. R.,
et al. (2020). Association of hearing loss with psychological distress and utilization of
mental health services among adults in the United States. JAMA Netw. Open 3:e2010986.
doi: 10.1001/jamanetworkopen.2020.10986

Brenowitz, W. D., Hubbard, R. A., Crane, P. K., Gray, S. L., Zaslavsky, O., and
Larson, E. B. (2014). Longitudinal associations between self-rated health and
performance-based physical function in a population-based cohort of older adults. PLoS
One 9:e111761. doi: 10.1371/journal.pone.0111761

Cao, X, Liu, Q, Liu, ], Yang, B., and Zhou, J. (2023). The impact of hearing loss on cognitive
impairment: the mediating role of depressive symptoms and the moderating role of social
relationships. Front. Public Health 11:1149769. doi: 10.3389/fpubh.2023.1149769

Dramé, M., Cantegrit, E., and Godaert, L. (2023). Self-rated health as a predictor of
mortality in older adults: a systematic review. Int. J. Environ. Res. Public Health 20:3813.
doi: 10.3390/ijerph20053813

Folstein, M. E, Folstein, S. E., and McHugh, P. R. (1975). "Mini-mental state". A
practical method for grading the cognitive state of patients for the clinician. J. Psychiatr.
Res. 12, 189-198. doi: 10.1016/0022-3956(75)90026-6

GBD 2019 Hearing Loss Collaborators (2021). Hearing loss prevalence and years lived
with disability, 1990-2019: findings from the global burden of disease study 2019. Lancet
397, 996-1009. doi: 10.1016/s0140-6736(21)00516-x

Gong, R, Hu, X,, Gong, C., Long, M., Han, R, Zhou, L., et al. (2018). Hearing loss
prevalence and risk factors among older adults in China. Int. J. Audiol. 57, 354-359. doi:
10.1080/14992027.2017.1423404

Guia, A., Gonzalez Escarce, A., and Lemos, S. (2018). Autopercepgio de satde de
usudrios da Rede de Atengdo a Saude Auditiva. Cadernos Saiide Coletiva 26, 410-417.
doi: 10.1590/1414-462x201800040056

Hayes, A. E, and Preacher, K. J. (2014). Statistical mediation analysis with a
multicategorical independent variable. Br. J. Math. Stat. Psychol. 67, 451-470. doi:
10.1111/bmsp.12028

Heffernan, E., Coulson, N. S., Henshaw, H., Barry, J. G., and Ferguson, M. A. (2016).
Understanding the psychosocial experiences of adults with mild-moderate hearing loss:
an application of Leventhal's self-regulatory model. Int. J. Audiol. 55 Suppl 3, S3-s12.
doi: 10.3109/14992027.2015.1117663

Hogan, A., Phillips, R. L., Brumby, S. A., Williams, W., and Mercer-Grant, C. (2015).
Higher social distress and lower psycho-social wellbeing: examining the coping capacity
and health of people with hearing impairment. Disabil. Rehabil. 37, 2070-2075. doi:
10.3109/09638288.2014.996675

Hong, T., Mitchell, P, Burlutsky, G., Liew, G., and Wang, J. J. (2016). Visual
impairment, hearing loss and cognitive function in an older population: longitudinal
findings from the Blue Mountains eye study. PLoS One 11:¢0147646. doi: 10.1371/
journal.pone.0147646

Hunt, C,, Issakidis, C., and Andrews, G. (2002). DSM-IV generalized anxiety disorder
in the Australian National Survey of mental health and well-being. Psychol. Med. 32,
649-659. doi: 10.1017/s0033291702005512

Husain, E. T., Carpenter-Thompson, J. R., and Schmidt, S. A. (2014). The effect of
mild-to-moderate hearing loss on auditory and emotion processing networks. Front.
Syst. Neurosci. 8:10. doi: 10.3389/fnsys.2014.00010

Jackson, D. L. (2003). Revisiting sample size and number of parameter estimates: some
support for the N:q hypothesis. Struct. Equ. Model. Multidiscip. J. 10, 128-141. doi:
10.1207/515328007SEM1001_6

Jacobson, N. C., and Newman, M. G. (2017). Anxiety and depression as bidirectional
risk factors for one another: a meta-analysis of longitudinal studies. Psychol. Bull. 143,
1155-1200. doi: 10.1037/bul0000111

Jayakody, D. M. P., Wishart, J., Stegeman, L, Eikelboom, R., Moyle, T. C., Yiannos, J. M.,
et al. (2022). Is there an association between untreated hearing loss and psychosocial
outcomes? Front. Aging Neurosci. 14:868673. doi: 10.3389/fnagi.2022.868673

Jylhd, M. (2009). What is self-rated health and why does it predict mortality? Towards
a unified conceptual model. Soc. Sci. Med. 69, 307-316. doi: 10.1016/j.
socscimed.2009.05.013

Karawani, H., Jenkins, K., and Anderson, S. (2018). Restoration of sensory input may
improve cognitive and neural function. Neuropsychologia 114, 203-213. doi: 10.1016/j.
neuropsychologia.2018.04.041

Kawaguchi, K., Abe, N., Hiratsuka, Y., Kojima, K., and Kondo, K. (2023). Self-reported
hearing and vision impairment and incident frailty in Japanese older people: a 3-year
longitudinal analysis of the Japan Gerontological evaluation study. Arch. Gerontol.
Geriatr. 104:104834. doi: 10.1016/j.archger.2022.104834

Frontiers in Aging Neuroscience

12

10.3389/fnagi.2023.1297622

Latham, K., and Peek, C. W. (2013). Self-rated health and morbidity onset among late
midlife U.S. adults. J. Gerontol. B Psychol. Sci. Soc. Sci. 68, 107-116. doi: 10.1093/geronb/
gbs104

Lawton, M. P, and Brody, E. M. (1969). Assessment of older people: self-maintaining
and instrumental activities of daily living. Gerontologist 9, 179-186. doi: 10.1093/
geront/9.3_Part_1.179

Lee, S., and Chung, J. H. (2023). Association between subjective hearing impairment
and cognitive status among Korean elderly. Noise Health 25, 113-119. doi: 10.4103/nah.
nah_10_23

Li, X. X,, and Li, Z. (2018). The impact of anxiety on the progression of mild cognitive
impairment to dementia in Chinese and English data bases: a systematic review and
meta-analysis. Int. J. Geriatr. Psychiatry 33, 131-140. doi: 10.1002/gps.4694

Liu, P. L., Cohen, H. J,, Fillenbaum, G. G., Burchett, B. M., and Whitson, H. E. (2016).
Association of Co-Existing Impairments in Cognition and Self-Rated Vision and
Hearing With Health Outcomes in Older Adults. Gerontol Geriatr Med. 2. doi:
10.1177/2333721415623495

Liu, J., Dong, Q. Lu, X, Sun, J., Zhang, L., Wang, M., et al. (2020). Influence of
comorbid anxiety symptoms on cognitive deficits in patients with major depressive
disorder. J. Affect. Disord. 260, 91-96. doi: 10.1016/j.jad.2019.08.091

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard, C., Banerjee, S., et al.
(2020). Dementia prevention, intervention, and care: 2020 report of the lancet
commission. Lancet 396, 413-446. doi: 10.1016/s0140-6736(20)30367-6

Louw, C., Swanepoel, W., and Eikelboom, R. H. (2018). Self-reported hearing loss and
pure tone audiometry for screening in primary health care clinics. J. Prim. Care
Community Health 9:2150132718803156. doi: 10.1177/2150132718803156

Mah, L, Binns, M. A,, and Steffens, D. C. (2015). Anxiety symptoms in amnestic mild
cognitive impairment are associated with medial temporal atrophy and predict conversion to
Alzheimer disease. Am. J. Geriatr. Psychiatry 23, 466-476. doi: 10.1016/j.jagp.2014.10.005

Makizako, H., Shimada, H., Doi, T., Tsutsumimoto, K., Hotta, R., Nakakubo, S., et al.
(2016). Comorbid mild cognitive impairment and depressive symptoms predict future
dementia in community older adults: a 24-month follow-up longitudinal study. J.
Alzheimers Dis. 54, 1473-1482. doi: 10.3233/jad-160244

Moon, . ], Baek, S. Y., and Cho, Y. S. (2015). Hearing aid use and associated factors
in South Korea. Medicine (Baltimore) 94:¢1580. doi: 10.1097/md.0000000000001580

Nyunt, M. S., Fones, C., Niti, M., and Ng, T. P. (2009). Criterion-based validity and
reliability of the geriatric depression screening scale (GDS-15) in a large validation
sample of community-living Asian older adults. Aging Ment. Health 13, 376-382. doi:
10.1080/13607860902861027

Ostberg, D., and Nordin, S. (2022). Three-year prediction of depression and anxiety
with a single self-rated health item. J. Ment. Health 31, 402-409. doi:
10.1080/09638237.2021.2022610

Perin, S., Lai, J., Pase, M., Bransby, L., Buckley, R., Yassi, N., et al. (2022). Elucidating
the association between depression, anxiety, and cognition in middle-aged adults:
application of dimensional and categorical approaches. J. Affect. Disord. 296, 559-566.
doi: 10.1016/j.jad.2021.10.007

Petersen, R. C., Doody, R., Kurz, A., Mohs, R. C., Morris, J. C., Rabins, P. V,, et al.
(2001). Current concepts in mild cognitive impairment. Arch. Neurol. 58, 1985-1992.
doi: 10.1001/archneur.58.12.1985

Pink, A., Krell-Roesch, J., Syrjanen, J. A., Vassilaki, M., Lowe, V. J., Vemuri, P,, et al.
(2022). A longitudinal investigation of AP, anxiety, depression, and mild cognitive
impairment. Alzheimers Dement. 18, 1824-1831. doi: 10.1002/alz.12504

Pinto, J. M., Fontaine, A. M., and Neri, A. L. (2016). The influence of physical and
mental health on life satisfaction is mediated by self-rated health: a study with Brazilian
elderly. Arch. Gerontol. Geriatr. 65, 104-110. doi: 10.1016/j.archger.2016.03.009

Podsakoff, P. M., MacKenzie, S. B., Lee, J. Y., and Podsakoff, N. P. (2003). Common
method biases in behavioral research: a critical review of the literature and recommended
remedies. J. Appl. Psychol. 88, 879-903. doi: 10.1037/0021-9010.88.5.879

Powell, D. S., Oh, E. S, Lin, E R, and Deal, J. A. (2021). Hearing impairment and
cognition in an aging world. J. Assoc. Res. Otolaryngol. 22, 387-403. doi: 10.1007/
510162-021-00799-y

Preacher, K. J., and Hayes, A. E (2008). Asymptotic and resampling strategies for
assessing and comparing indirect effects in multiple mediator models. Behav. Res.
Methods 40, 879-891. doi: 10.3758/brm.40.3.879

Qin, E, Luo, M., Xiong, Y., Zhang, N., Dai, Y., Kuang, W,, et al. (2022). Prevalence and
associated factors of cognitive impairment among the elderly population: a nationwide
cross-sectional study in China. Front. Public Health 10:1032666. doi: 10.3389/
fpubh.2022.1032666

Richardson, C., Stephan, B. C. M., Robinson, L., Brayne, C., and Matthews, E. E.
(2019). Two-decade change in prevalence of cognitive impairment in the UK. Eur. J.
Epidemiol. 34, 1085-1092. doi: 10.1007/s10654-019-00554-x

Rouch, L, Achour-Crawford, E., Roche, E, Castro-Lionard, C., Laurent, B., Ntougou
Assoumou, G., et al. (2014). Seven-year predictors of self-rated health and life
satisfaction in the elderly: the PROOF study. J. Nutr. Health Aging 18, 840-847. doi:
10.1007/s12603-014-0557-6

Rubenstein, L. Z., Harker, J. O., Salva, A., Guigoz, Y., and Vellas, B. (2001). Screening
for undernutrition in geriatric practice: developing the short-form mini-nutritional

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1297622
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.3109/09638288.2011.563818
https://doi.org/10.1002/1097-0258(20001215)19:23<3219::aid-sim623>3.0.co;2-p
https://doi.org/10.1177/0898264316661830
https://doi.org/10.1177/0049124187016001004
https://doi.org/10.1001/jamanetworkopen.2020.10986
https://doi.org/10.1371/journal.pone.0111761
https://doi.org/10.3389/fpubh.2023.1149769
https://doi.org/10.3390/ijerph20053813
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/s0140-6736(21)00516-x
https://doi.org/10.1080/14992027.2017.1423404
https://doi.org/10.1590/1414-462x201800040056
https://doi.org/10.1111/bmsp.12028
https://doi.org/10.3109/14992027.2015.1117663
https://doi.org/10.3109/09638288.2014.996675
https://doi.org/10.1371/journal.pone.0147646
https://doi.org/10.1371/journal.pone.0147646
https://doi.org/10.1017/s0033291702005512
https://doi.org/10.3389/fnsys.2014.00010
https://doi.org/10.1207/S15328007SEM1001_6
https://doi.org/10.1037/bul0000111
https://doi.org/10.3389/fnagi.2022.868673
https://doi.org/10.1016/j.socscimed.2009.05.013
https://doi.org/10.1016/j.socscimed.2009.05.013
https://doi.org/10.1016/j.neuropsychologia.2018.04.041
https://doi.org/10.1016/j.neuropsychologia.2018.04.041
https://doi.org/10.1016/j.archger.2022.104834
https://doi.org/10.1093/geronb/gbs104
https://doi.org/10.1093/geronb/gbs104
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.4103/nah.nah_10_23
https://doi.org/10.4103/nah.nah_10_23
https://doi.org/10.1002/gps.4694
https://doi.org/10.1177/2333721415623495
https://doi.org/10.1016/j.jad.2019.08.091
https://doi.org/10.1016/s0140-6736(20)30367-6
https://doi.org/10.1177/2150132718803156
https://doi.org/10.1016/j.jagp.2014.10.005
https://doi.org/10.3233/jad-160244
https://doi.org/10.1097/md.0000000000001580
https://doi.org/10.1080/13607860902861027
https://doi.org/10.1080/09638237.2021.2022610
https://doi.org/10.1016/j.jad.2021.10.007
https://doi.org/10.1001/archneur.58.12.1985
https://doi.org/10.1002/alz.12504
https://doi.org/10.1016/j.archger.2016.03.009
https://doi.org/10.1037/0021-9010.88.5.879
https://doi.org/10.1007/s10162-021-00799-y
https://doi.org/10.1007/s10162-021-00799-y
https://doi.org/10.3758/brm.40.3.879
https://doi.org/10.3389/fpubh.2022.1032666
https://doi.org/10.3389/fpubh.2022.1032666
https://doi.org/10.1007/s10654-019-00554-x
https://doi.org/10.1007/s12603-014-0557-6

Chen et al.

assessment (MNA-SF). J. Gerontol. A Biol. Sci. Med. Sci. 56, M366-M372. doi: 10.1093/
gerona/56.6.m366

Sacuiu, S., Insel, P. S., Mueller, S., Tosun, D., Mattsson, N., Jack, C. R. Jr., et al. (2016).
Chronic depressive symptomatology in mild cognitive impairment is associated with
frontal atrophy rate which hastens conversion to Alzheimer dementia. Am. J. Geriatr.
Psychiatry 24, 126-135. doi: 10.1016/j.jagp.2015.03.006

Sharma, R. K., Chern, A, and Golub, J. S. (2021). Age-related hearing loss and the
development of cognitive impairment and late-life depression: a scoping overview.
Semin. Hear. 42, 010-025. doi: 10.1055/s-0041-1725997

Sheikh, J., and Yesavage, J. A. (1986). Geriatric Depression Scale (GDS): Recent evidence
and development of a shorter version. Clin Gerontol. 5, 165-173.

Shukla, A., Harper, M., Pedersen, E., Goman, A., Suen, J. J., Price, C., et al. (2020).
Hearing loss, loneliness, and social isolation: a systematic review. Otolaryngol. Head
Neck Surg. 162, 622-633. doi: 10.1177/0194599820910377

Simning, A., Fox, M. L., Barnett, S. L., Sorensen, S., and Conwell, Y. (2019). Depressive
and anxiety symptoms in older adults with auditory, vision, and dual sensory
impairment. J. Aging Health 31, 1353-1375. doi: 10.1177/0898264318781123

Slade, K., Plack, C. J., and Nuttall, H. E. (2020). The effects of age-related hearing loss
on the brain and cognitive function. Trends Neurosci. 43, 810-821. doi: 10.1016/j.
tins.2020.07.005

Solheim, J., Kveerner, K. J., and Falkenberg, E.-S. (2011). Daily life consequences of hearing
loss in the elderly. Disabil. Rehabil. 33, 2179-2185. doi: 10.3109/09638288.2011.563815

Spitzer, R. L., Kroenke, K., Williams, J. B., and Lowe, B. (2006). A brief measure for
assessing generalized anxiety disorder: the GAD-7. Arch. Intern. Med. 166, 1092-1097.
doi: 10.1001/archinte.166.10.1092

Sugiura, S., Uchida, Y., Nishita, Y., Teranishi, M., Shimono, M., Suzuki, H., et al.
(2022). Prevalence of usage of hearing aids and its association with cognitive impairment
in Japanese community-dwelling elders with hearing loss. Auris Nasus Larynx 49, 18-25.
doi: 10.1016/j.an1.2021.03.017

Svedberg, P.,, Gatz, M., and Pedersen, N. L. (2009). Genetic and environmental
mediation of the associations between self-rated health and cognitive abilities. Exp.
Aging Res. 35, 178-201. doi: 10.1080/03610730902720372

Tang, T. Y., Luan, Y,, Jiao, Y., Zhang, J., Ju, S. H., and Teng, G. J. (2020). Disrupted
amygdala connectivity is associated with elevated anxiety in sensorineural hearing loss.
Front. Neurosci. 14:616348. doi: 10.3389/fnins.2020.616348

Uchida, Y., Sugiura, S., Nishita, Y., Saji, N., Sone, M., and Ueda, H. (2019). Age-related
hearing loss and cognitive decline - the potential mechanisms linking the two. Auris
Nasus Larynx 46, 1-9. doi: 10.1016/j.an1.2018.08.010

Valete-Rosalino, C. M., and Rozenfeld, S. (2005). Auditory screening in the elderly:
comparison between self-report and audiometry. Braz. J. Otorhinolaryngol. 71, 193-200.
doi: 10.1016/s1808-8694(15)31310-0

Vassilaki, M., Aakre, J. A., Knopman, D. S., Kremers, W. K., Mielke, M. M.,
Geda, Y. E., et al. (2019). Informant-based hearing difficulties and the risk for mild

Frontiers in Aging Neuroscience

13

10.3389/fnagi.2023.1297622

cognitive impairment and dementia. Age Ageing 48, 888-894. doi: 10.1093/ageing/
afz099

Vogel, C. E., Molinari, V., Andel, R., and Barry, L. C. (2021). Self-rated health and
mental health among older incarcerated males. Aging Ment. Health 25, 2100-2108. doi:
10.1080/13607863.2020.1795621

Wells, T. S., Nickels, L. D., Rush, S. R., Musich, S. A., Wu, L., Bhattarai, G. R.,
etal. (2020). Characteristics and health outcomes associated with hearing loss and
hearing aid use among older adults. J. Aging Health 32, 724-734. doi:
10.1177/0898264319848866

Whitmore, C., Markle-Reid, M., McAiney, C., Fisher, K., and Ploeg, J. (2023). How do
individual, social, environmental, and resilience factors shape self-reported health
among community-dwelling older adults: a qualitative case study. BMC Geriatr. 23:8.
doi: 10.1186/s12877-023-03726-3

WHO (2023). Dementia [Online]. Available at: https://www.who.int/news-room/fact-
sheets/detail/dementia (Accessed March 20, 2023).

Windsor, T. D., Rioseco, P, Fiori, K. L., Curtis, R. G., and Booth, H. (2016). Structural
and functional social network attributes moderate the association of self-rated health
with mental health in midlife and older adults. Int. Psychogeriatr. 28, 49-61. doi:
10.1017/s1041610215001143

Wu, B., Toseef, M. U., Stickel, A. M., Gonzélez, H. M., and Tarraf, W. (2022).
Associations between midlife functional limitations and self-reported health and
cognitive status: results from the 1998-2016 health and retirement study. J. Alzheimers
Dis. 85, 1621-1637. doi: 10.3233/jad-215192

Xue, H., Hou, P, Li, Y., Mao, X., Wu, L., and Liu, Y. (2019). Factors for predicting
reversion from mild cognitive impairment to normal cognition: a meta-analysis. Int. J.
Geriatr. Psychiatry 34, 1361-1368. doi: 10.1002/gps.5159

Yeo, B. S. Y., Song, H., Toh, E. M. S,, Ng, L. S., Ho, C. S. H,, Ho, R,, et al. (2023).
Association of Hearing Aids and Cochlear Implants with Cognitive Decline and
dementia: a systematic review and Meta-analysis. JAMA Neurol. 80, 134-141. doi:
10.1001/jamaneurol.2022.4427

Yesavage, J. A,, Brink, T. L,, Rose, T. L., Lum, O., Huang, V., and Adey, M. (1982).
Development and validation of a geriatric depression screening scale: a preliminary
report. J. Psychiatr. Res. 17, 37-49. doi: 10.1016/0022-3956(82)90033-4

Yévenes-Briones, H., Caballero, FE FE, Struijk, E. A, Rey-Martinez, J,
Montes-Jovellar, L., Graciani, A., et al. (2021). Association between hearing loss and
impaired physical function, frailty, and disability in older adults: a cross-sectional study.
JAMA Otolaryngol. Head Neck Surg. 147, 951-958. doi: 10.1001/jamaoto.2021.2399

Yu, A, and Liljas, A. E. M. (2019). The relationship between self-reported sensory
impairments and psychosocial health in older adults: a 4-year follow-up study using the
English longitudinal study of ageing. Public Health 169, 140-148. doi: 10.1016/j.
puhe.2019.01.018

Zinchenko, A., Kanske, P., Obermeier, C., Schroger, E., Villringer, A., and Kotz, S. A.
(2018). Modulation of cognitive and emotional control in age-related mild-to-moderate
hearing loss. Front. Neurol. 9:783. doi: 10.3389/fneur.2018.00783

frontiersin.org


https://doi.org/10.3389/fnagi.2023.1297622
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1093/gerona/56.6.m366
https://doi.org/10.1093/gerona/56.6.m366
https://doi.org/10.1016/j.jagp.2015.03.006
https://doi.org/10.1055/s-0041-1725997
https://doi.org/10.1177/0194599820910377
https://doi.org/10.1177/0898264318781123
https://doi.org/10.1016/j.tins.2020.07.005
https://doi.org/10.1016/j.tins.2020.07.005
https://doi.org/10.3109/09638288.2011.563815
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1016/j.anl.2021.03.017
https://doi.org/10.1080/03610730902720372
https://doi.org/10.3389/fnins.2020.616348
https://doi.org/10.1016/j.anl.2018.08.010
https://doi.org/10.1016/s1808-8694(15)31310-0
https://doi.org/10.1093/ageing/afz099
https://doi.org/10.1093/ageing/afz099
https://doi.org/10.1080/13607863.2020.1795621
https://doi.org/10.1177/0898264319848866
https://doi.org/10.1186/s12877-023-03726-3
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
https://doi.org/10.1017/s1041610215001143
https://doi.org/10.3233/jad-215192
https://doi.org/10.1002/gps.5159
https://doi.org/10.1001/jamaneurol.2022.4427
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.1001/jamaoto.2021.2399
https://doi.org/10.1016/j.puhe.2019.01.018
https://doi.org/10.1016/j.puhe.2019.01.018
https://doi.org/10.3389/fneur.2018.00783

	Impact of hearing loss on cognitive function in community-dwelling older adults: serial mediation of self-rated health and depressive anxiety symptoms
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Ethical statement
	2.3 Measures
	2.3.1 Hearing loss
	2.3.2 SRH
	2.3.3 Depressive anxiety symptoms
	2.3.3.1 Depression
	2.3.3.2 Anxiety
	2.3.4 Cognitive function
	2.3.5 Covariates
	2.4 Statistical analysis
	2.5 Common method biases

	3 Results
	3.1 Baseline characteristics
	3.2 Correlation analysis of the main study variables
	3.3 Study model testing
	3.4 Serial mediation model
	3.5 Robustness check

	4 Discussion
	4.1 Direct effect of hearing loss on cognitive function
	4.2 Mediating role of SRH
	4.3 Mediating role of depressive anxiety symptoms
	4.4 Serial mediation effect of SRH and depressive anxiety symptoms
	4.5 Implications and limitations

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

