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Background and Aim: Hearing impairment is a commonly reported chronic condition 
among older adults. Hearing impairment is significantly associated with reduced quality of 
life and diminished function status. This study aimed to investigate the association between 
hearing impairment and mental health among Chinese older adults, with a focus on exploring 
the moderating effects of social participation and exercise on this association.
Methods: The data of this study were obtained from the 2018 wave of Chinese Longitudinal 
Healthy Longevity Survey (CLHLS). We employed ordinary least squares regression models 
to analyze the effect of hearing impairment on mental health. Propensity score matching 
(PSM) and doubly robust estimation were employed to conduct robustness checks.
Results: Hearing impairment produced an adverse effect on Mini-Mental State Examination 
(MMSE) score (coefficient = −1.4073, p < 0.001), while it had a positive effect on depression 
score (coefficient = 0.8682, p < 0.001). Further analyses using PSM and doubly robust 
estimation reported similar results. Moreover, social participation (coefficient = 0.9424, p < 
0.001) and exercise (coefficient = 0.7001, p < 0.01) moderated the association between 
hearing impairment and MMSE score. Social participation (coefficient = −0.5991, p > 0.05) 
and exercise (coefficient = 0.7806, p > 0.05) did not moderate the association between 
hearing impairment and depression score.
Conclusion: We provide robust evidence indicating that hearing impairment had signifi-
cantly negative effects on the cognitive function and depression status of older adults. 
Furthermore, we find that social participation and exercise relieved the negative effect of 
hearing impairment on cognitive function.
Keywords: hearing impairment, mental health, social participation, exercise, China

Introduction
Hearing impairment is a commonly reported chronic condition among older 
adults. A study indicates that about 11% of older adults who aged 60 and 
above in China were diagnosed with hearing impairment.1 Furthermore, 
a study suggests that hearing impairment can impair the exchange of 
information,2 thus hearing-impaired elderly people are more likely to have 
smaller social networks.3 Moreover, hearing impairment is significantly asso-
ciated with reduced quality of life and diminished function status.4–8 Wearing 
hearing aid is a common intervention to treat hearing impairment.9 A study 
reported that people who wear hearing aids manifested better health 
outcomes.10
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With the significant increase in life expectancy and 
decrease in birth rate, population aging has become an 
important social issue in China. In 2018, the number of 
Chinese older adults who aged 65 and above reached 
166.58 million, accounting for 11.9% of its total 
population.11 The ageing trend of China will continue to 
accelerate in the next few decades.12 The health outcome 
of older adults has become an important issue in Chinese 
society. Mental health is an important part of heath out-
come. In a society with a large number of older adults, it is 
of great significance to analyze the factors that influence 
their mental health and formulate relevant intervention 
approaches. Due to the changing social roles and decrease 
in social interactions, older adults are more likely to have 
negative emotions.13 In addition, with the gradual decline 
of physiological function, older adults have a higher inci-
dence of dementia, depression, and other mental 
diseases.14 Furthermore, older adults are more likely to 
experience some negative life events, such as bereft of 
spouse and retirement, which will have significantly nega-
tive effects on their mental health.15 Moreover, in order to 
improve the health outcome of older adults, the Chinese 
government attaches great importance to the construction 
of healthy aging. The 13th Five-Year Planning for Healthy 
Aging which was issued by the Chinese government in 
2017 states that it is of great importance to promote health 
promotion and education, strengthen public health ser-
vices, improve the health care services system, and 
strengthen the medical security system to achieve healthy 
aging.

Previous studies have analyzed the effect of hearing 
status on mental health. Some scholars have investigated 
the effect of hearing impairment on cognitive function. 
A study which is conducted by Dalton et al indicates that 
hearing impairment is significantly associated with 
impaired cognitive function.4 Tan and Chen employed 
the 2015 wave of China Health and Retirement 
Longitudinal Survey (CHARLS) dataset and found that 
hearing function was positively associated with cognitive 
function of older adults.16 Gao et al used the fixed effects 
regression models and reported that hearing status signifi-
cantly affected the cognitive function of older adults.6 In 
addition, some scholars have explored the effect of hearing 
impairment on depression status, while they did not reach 
a consensus. Strawbridge et al used longitudinal data and 
contended that older adults with hearing impairment were 
more likely to be depressed when compared with those 
without hearing impairment.17 Keidser and Seeto reported 

that hearing impairment was significantly related to more 
depression symptoms among older adults.18 Ye et al used 
the 2015 wave of CHARLS dataset and reported that 
hearing impairment significantly affected older adults’ 
depression status which was measured by the 10-item 
Center of Epidemiological Survey-Depression (CES-D) 
scale.19 However, some studies reveal that hearing impair-
ment was not significantly associated with the prevalence 
of depression symptoms among Chinese older adults.20,21

Previous studies indicate that social participation had 
a significantly positive effect on mental health.22–24 

Furthermore, some studies suggest that exercise produced 
a significantly positive effect on mental health.25–28 

Hearing impairment may produce a weaker and negative 
effect on the mental health of the hearing-impaired people 
who participated in social activities and exercise when 
compared with those who did not participate in social 
activity or exercise. Consequently, we hypothesized that 
participation in social activities and exercise may play 
significant roles in the association between hearing impair-
ment and mental health.

Overall, we find that a very limited number of studies 
have been done to explore the moderating effects of social 
participation and exercise on the association between hear-
ing impairment and mental health among Chinese older 
adults. To overcome these research gaps, this study used 
the data which was obtained from the 2018 wave of 
Chinese Longitudinal Healthy Longevity Survey and 
aimed to investigate the association between hearing 
impairment and mental health among Chinese older adults, 
with a focus on exploring the moderating effects of social 
participation and exercise on this association. We will use 
propensity score matching and doubly robust estimation to 
conduct robustness checks. The results of this study can 
shed more light on the understanding of the effect of 
hearing impairment on mental health among the older 
adults in China, and provide some references for formulat-
ing intervention approaches to improve their mental 
health.

Methods
Data Source
The data of this study were obtained from the 2018 wave 
of Chinese Longitudinal Healthy Longevity Survey 
(CLHLS). This survey was conducted by Center for 
Healthy Aging and Development at Peking University. 
The CLHLS has been conducted for 8 waves. The first 
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wave data of CLHLS were collected in 1998,29 and the 
2018 wave is the latest wave data at the time of this study. 
As a nationally representative survey, the CLHLS covers 
23 provinces of China. Furthermore, its purpose is to shed 
more light on the determinants of healthy human longevity 
and oldest-old mortality in China. Considering the fact that 
the CLHLS includes enough information regarding hear-
ing impairment, mental health, social participation, exer-
cise, demographic characteristics variables, and 
socioeconomic status and social support variables of 
Chinese older adults, we employed it to explore the effect 
of hearing impairment on mental health. Moreover, 
because this study focused on the effect of hearing impair-
ment on mental health among older adults, respondents 
were removed if they aged less than 65. After deleting 
observations with missing information regarding the 
above-mentioned variables, a total of 3721 older adults 
who aged 65 and above were included in this study, 
which includes 1706 females and 2015 males.

Variables
Dependent Variables
In this study, mental health is the dependent variable, and 
we employed two methods to measure it. Firstly, we used 
the Chinese version of Mini-Mental State Examination 
(MMSE) scale to measure the cognitive function of older 
adults. The Chinese version of MMSE scale was adapted 
from the scale which was originally developed by Folstein 
et al.30 Furthermore, some studies have confirmed that the 
Chinese version of MMSE scale has a good reliability and 
validity for Chinese older adults.31,32 Moreover, the 
Chinese version of MMSE scale is compromised of 24 
easily understandable items, such as “what time of day is it 
right now?”, “repeat a sentence”, and “put paper on the 
floor”. The Chinese version of MMSE scale captures 
seven dimensions of older adults’ cognitive function 
(orientation, short-term memory, reaction, calculation, 
drawing, naming, and language). Most items have two 
responses, with correct answers coded as 1 and incorrect 
answers coded as 0. We summed the MMSE items to get 
a total score for each older adult. The MMSE score ranges 
from 0 to 30, with a higher MMSE score indicating better 
cognitive function.

Secondly, we used the depression score to capture the 
depression status of older adults. The depression status 
was assessed by asking each older adult ten questions. 
Among the ten questions, eight of which were negatively 
oriented questions, such as “are you worried about some 

small things?”, “is it difficult to concentrate when you are 
doing things now?”, “are you feeling sad or depressed?”, 
“are you nervous and scared?”, and “do you feel lonely?”; 
two of which were positively oriented questions, includ-
ing “are you full of hope for future life?”, “do you feel as 
happy as you are when you are young?”. All the ten 
questions have five response levels, which range from 
always (coded as 1), often (coded as 2), sometimes 
(coded as 3), seldom (coded as 4), to rarely or never 
(coded as 5). We then reverse-coded the negatively 
oriented questions, and they were measured by a 5-point 
Likert scale (“rarely or never” coded as 0, “seldom” 
coded as 1, “sometimes” coded as 2, “often” coded as 3, 
and “always” coded as 4). Furthermore, the positively 
oriented questions were also measured by a 5-point 
Likert scale (“always” coded as 0, “often” coded as 1, 
“sometimes” coded as 2, “seldom” coded as 3, and “rarely 
or never” coded as 4). In addition, the ten questions were 
summed to get a total depression score for each older 
adult. The depression score ranges from 0 to 40, with 
a higher score suggesting a greater degree of depressed 
mood.

Independent Variable
In this study, hearing impairment is the independent vari-
able, which was captured by asking the older adults “do 
you have any difficulty with your hearing?”, with two 
possible responses: “Yes” and “No”. “Yes” was coded as 
having hearing impairment, while “No” was coded as not 
having hearing impairment.

Control Variables
Based on previous studies,6,33,34 two types of control vari-
ables that were linked to mental health were selected in 
this study. The first type of control variables described the 
demographic characteristics, which include age (continu-
ous variable), gender (1 = male; 0 = female), marital status 
(1 = married; 0 = single, divorced or widowed), and 
residency area (1 = living in urban areas; 0 = living in 
rural areas). The second type of control variables 
described the socioeconomic status and social support, 
which include years of schooling (continuous variable), 
household income (logarithm value), health insurance (1 
= with health insurance; 0 = without health insurance), and 
number of children (continuous variable). In addition, a set 
of dummies for provinces were controlled in order to rule 
out the region fixed effects (with Beijing as a reference 
group).
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This study conducted a variance inflation factor (VIF) 
test, with test results indicating that the mean VIF value 
was 1.95 and all the VIF values of variables used in this 
study were much lower than the critical value of 10, which 
reveals that there was no serious multicollinearity across 
the regression models.

Moderators
There are two moderators for this study, including social 
participation and exercise. Social participation is a dummy 
variable, which indicates whether the older adults took 
part in social activities or not (taking part in social activ-
ities coded as 1). In CLHLS, respondents were asked “do 
you take part in some social activities at present?” This 
question has five response levels, which range from 
“almost everyday”, “not daily, but once for a week”, “not 
weekly, but at least once for a month”, “not monthly, but 
sometimes”, to “never”. We regrouped “almost everyday”, 
“not daily, but once for a week”, “not weekly, but at least 
once for a month”, and “not monthly, but sometimes” as 
taking part in social activities, and regrouped “never” as 
taking part in no social activity. In addition, exercise is 
also a dummy variable, which reflects whether the older 
adults took part in exercise or not (taking part in exercise 
coded as 1). In CLHLS, respondents were asked “do you 
exercise or not at present?” The answers to this question 
are in a yes/no format.

Statistical Analyses
Considering the fact that the independent variables of this 
study were continuous variables, we employed ordinary 
least squares (OLS) regression models to analyze the 
effect of hearing impairment on mental health among the 
older adults. In addition, we used robust standard errors to 
alleviate the potential effect of heteroscedasticity. The 
specification of econometric model is as follows:

Mental healthi = α0 + α1 * HIi + α2 * CVi + δs + εi (1)
where i indicates individual, HIi denotes hearing 

impairment, CVi represents the control variables, which 
includes age, gender, marital status, residency area, years 
of schooling, household income, health insurance, and 
number of children, α0 stands for the intercept term, α1 is 
the coefficient of hearing impairment, which is our main 
interest, α2 indicates the coefficients of control variables, 
δs indicates the fixed effects of provinces, and εi is the 
error term.

In addition, given the fact that propensity score match-
ing (PSM) which is based on Neyman-Rubin 

counterfactual framework of causality can address the 
selection bias caused by observable individual heterogene-
ity, make observational data close to random trial data, and 
obtain robust estimation results,35–37 we employed it to 
conduct a robustness check. Furthermore, PSM is a non- 
parametric estimation method, thus it is not limited by the 
traditional linear model specification.38 In this study, logit 
regression model was employed to estimate propensity 
score.

Average treatment effect on the treated (ATT) was 
estimated as follows:

ATT = E(Y T - Y C | Di = 1) = E(Y T | Di = 1) - E(Y C | Di 

= 1) (2)
where E(Y T | Di = 1) suggests the average mental 

health of the older adults with hearing impairment, and E 
(Y C | Di = 1) is the counterfactual outcome, which indi-
cates what the average mental health of the older adults 
with hearing impairment would have been if they had not 
suffered from hearing impairment.

Doubly robust estimation combines propensity score 
weighting and regression model.38 If the propensity score 
weighting or regression model is correctly specified, 
a doubly robust estimator will produce an unbiased esti-
mate of the average treatment effect.39 Doubly robust 
estimation has two estimation methods, including augmen-
ted inverse-probability weighting (AIPW) and inverse- 
probability-weighted regression adjustment (IPWRA). 
Given the fact that doubly robust estimation can provide 
robust estimation results,40 we used it to conduct 
a robustness check.

In this study, moderated multiple regression was 
employed to test moderating effects. To explore the mod-
erating effect of social participation on the association 
between hearing impairment and mental health, we added 
the interaction of hearing impairment and social participa-
tion to Eq. (1). The specification of econometric model is 
as follows:

Mental healthi = β0 + β1 * HIi + β2 * SPi + β3 * HIi * SPi + β4 

* CVi + δs + εi (3)
where HIi denotes hearing impairment, SPi indicates 

social participation, CVi represents the control variables, β0 

suggests the intercept term, β1 is the coefficient of hearing 
impairment, β2 is the coefficient of social participation, β3 

is the coefficient of interaction term between hearing 
impairment and social participation, which is our main 
interest, β4 stands for the coefficients of control variables, 
δs indicates the fixed effects of provinces, and εi is the 
error term.
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Furthermore, we also added the interaction of hearing 
impairment and exercise to Eq. (1) to explore the moder-
ating effect of exercise on the association between hearing 
impairment and mental health. The specification of econo-
metric model is as follows:

Mental healthi = γ0 + γ1 * HIi + γ2 * exercisei + γ3 * HIi * 
exercisei + γ4 * CVi + δs + εi (4)

where HIi denotes hearing impairment, CVi represents 
the control variables, γ0 indicates the intercept term, γ1 is 
the coefficient of hearing impairment, γ2 is the coefficient 
of exercise, γ3 is the coefficient of interaction term of 
hearing impairment and exercise, which is our main inter-
est, γ4 indicates the coefficients of control variables, δs 

indicates the fixed effects of provinces, and εi is the error 
term.

In this study, Stata SE 15.1 software (Stata Corp LP, 
College Station, TX, USA) was employed to conduct VIF 
test and descriptive statistics, construct OLS regression 
and moderated multiple regression models, and perform 
PSM and doubly robust estimations. Furthermore, all the 
tests were two-sided and a p-value <0.05 indicates statis-
tical significance.

Results
Descriptive Statistics
Table 1 displays the descriptive statistics. The mean values 
of MMSE score and depression score were 28.23 and 
11.36, respectively. 22.79% of the older adults suffered 
from hearing impairment. Furthermore, more than 19% of 
the older adults took part in social activities, and more 
than 41% of them participated in exercise. Moreover, more 
than 74% of the older adults aged between 65 and 84, and 
about 54% of them were male. Approximately 60% of the 
older adults were married, and more than 55% of them 
lived in urban areas. In addition, the mean values of years 
of schooling and household income were 4.69 and RMB 
30,793.40 (US$ 4400.38), respectively. 87.91% of the 
older adults were covered by health insurance, and more 
than 85% of them had children less than 6.

OLS Regression Results of the Effect of 
Hearing Impairment on MMSE Score
Table 2 displays the OLS regression results of the effect of 
hearing impairment on MMSE score. According to Model 
1, we find that hearing impairment produced 
a significantly adverse effect on MMSE score (coefficient 
= −1.4073, p < 0.001). We then gradually added the 

control variables to the Model 1. When we added the 
demographic characteristics variables, the coefficient of 
hearing impairment sharply increased from −1.4073 to 
−0.7983, while the regression significance level remained 
the same (Model 2). When we further added the socio-
economic status and social support variables to Model 3, 
the regression results show that the coefficient of hearing 

Table 1 Descriptive Statistics

Variables All (N = 3721)

MMSE score
Mean (SD) 28.23 (2.68)

Depression score
Mean (SD) 11.36 (5.92)

Hearing impairment

Without hearing impairmenta, n (%) 2873 (77.21)

With hearing impairment, n (%) 848 (22.79)

Social participation

Noa, n (%) 3012 (80.95)
Yes, n (%) 709 (19.05)

Exercise
Noa, n (%) 2180 (58.59)

Yes, n (%) 1541 (41.41)

Age

65–84, n (%) 2765 (74.31)

≥85, n (%) 956 (25.69)

Gender

Femalea, n (%) 1706 (45.85)
Male, n (%) 2015 (54.15)

Marital status
Single, divorced or widoweda, n (%) 1498 (40.26)

Married, n (%) 2223 (59.74)

Residency area

Rural areasa, n (%) 1642 (44.13)

Urban areas, n (%) 2079 (55.87)

Years of schooling

Mean (SD) 4.69 (4.12)

Household income (RMB)

Mean (SD) 30,793.40 (26,468.46)

Health insurance

Noa, n (%) 450 (12.09)
Yes, n (%) 3271 (87.91)

Number of children
0–5, n (%) 3188 (85.68)

≥6, n (%) 533 (14.32)

Note: aIndicates the reference group.
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impairment increased from −0.7983 to −0.7296. 
Furthermore, the effect of hearing impairment on MMSE 
score remained unchanged in terms of regression signifi-
cance level (Model 3). The regression results imply that 
compared to the older adults who did not suffer from 
hearing impairment, those who suffered from hearing 
impairment had a reduced MMSE score by 0.7296 after 
adjusting for the control variables.

As expected, the regression results from Model 3 indi-
cate that being older had a significantly negative effect on 
MMSE score (coefficient = −0.0727, p < 0.001). 
Furthermore, we obtain evidence indicating that being 
a male (coefficient = 0.2023, p < 0.05), living in urban 
areas (coefficient = 0.2081, p < 0.05), having more years 

of schooling (coefficient = 0.1002, p < 0.001) and house-
hold income (coefficient = 0.0806, p < 0.01) produced 
significantly positive effects on MMSE score. We also 
obtain evidence indicating that being married (coefficient 
= 0.1381, p > 0.05), having health insurance (coefficient = 
0.0468, p > 0.05), and number of children (coefficient = 
−0.0178, p > 0.05) exerted no significant effect on MMSE 
score.

OLS Regression Results of the Effect of 
Hearing Impairment on Depression Score
Table 3 shows the OLS regression results of the effect of 
hearing impairment on depression score. Model 1 shows 
that hearing impairment had a significantly adverse effect 
on depression score (coefficient = 0.8682, p < 0.001). 
Furthermore, when we added the demographic character-
istics variables to Model 2, the coefficient of hearing 
impairment increased from 0.8682 to 0.9585, and the 
regression significance level remained the same. Then, 
we further added the socioeconomic status and social sup-
port variables to Model 3, with results indicating that the 
coefficient of hearing impairment decreased from 0.9585 
to 0.8795. In addition, Model 3 also indicates that the 
effect of hearing impairment on depression score remained 
unchanged regarding regression significance level. The 
regression results from Model 3 imply that hearing impair-
ment significantly improved depression score by 0.8795 
after adjusting for the control variables.

Regarding the control variables, Model 3 shows that 
being older (coefficient = −0.0291, p < 0.05), a male 
(coefficient = −0.8003, p < 0.001), and married (coeffi-
cient = −0.8181, p < 0.01) produced significantly negative 
effects on depression score. Furthermore, we also find that 
having more years of schooling (coefficient = −0.0713, p < 
0.05) and household income (coefficient = −0.3955, p < 
0.001) had significantly adverse impacts on depression 
score. However, we also observe that residency area (coef-
ficient = 0.1751, p > 0.05), having health insurance (coef-
ficient = 0.1796, p > 0.05), and number of children 
(coefficient = −0.0649, p > 0.05) yielded no significant 
effect on depression score.

Robustness Checks
In this section, we used PSM and doubly robust estimation 
to conduct robustness checks. Firstly, we used k-nearest 
neighbor matching, radius matching, kernel matching, and 
nearest-neighbor matching within caliper of the PSM 

Table 2 OLS Regression Results of the Effect of Hearing 
Impairment on MMSE Score

Variables Model 1 Model 2 Model 3

Hearing impairment −1.4073*** −0.7983*** −0.7296***

(0.1320) (0.1185) (0.1166)

Age −0.0837*** −0.0727***

(0.0058) (0.0065)

Gender 0.4465*** 0.2023*

(0.0871) (0.0884)

Marital status 0.1967* 0.1381

(0.0917) (0.0909)

Residency area 0.3453*** 0.2081*

(0.0828) (0.0827)

Years of schooling 0.1002***

(0.0115)

Household income 0.0806**

(0.0286)

Health insurance 0.0468

(0.1284)

Number of children −0.0178

(0.0343)

Constant 28.6533*** 34.5756*** 32.3102***

(0.2114) (0.5074) (0.6163)

Dummies for provinces Control Control Control

Number of observations 3721 3721 3721

F statistics 8.79*** 15.77*** 16.72***

R-squared 0.0703 0.1748 0.1952

Notes: Robust standard errors are given in parentheses; ***p < 0.001; **p < 0.01; 
*p < 0.05.
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method to conduct a robustness check. Table 4 provides 
the PSM estimation results for the effect of hearing impair-
ment on MMSE score. All of the four matching methods 

indicate that hearing impairment had a significantly nega-
tive effect on MMSE score (p < 0.001).

Table 5 reports the PSM estimation results for the 
effect of hearing impairment on depression score. The 
estimation results suggest that hearing impairment pro-
duced a significantly positive effect on depression score.

Secondly, we used AIPW and IPWRA of doubly robust 
estimation to conduct a robustness check. Table 6 presents 
the doubly robust estimation results for the effect of hearing 
impairment on mental health. AIPW and IPWRA estimators 
indicate that hearing impairment had significantly negative 
effects on MMSE score and depression score.

To sum up, the results of the robustness checks lend 
support to our main finding that hearing impairment produced 
significantly negative effects on MMSE score and depression 
score, which suggests that the OLS regression results in the 
previous sections were highly robust for further research.

Moderating Effects
Table 7 displays the moderating effects of social participa-
tion and exercise on the association between hearing impair-
ment and MMSE score. Models 1 and 2 present the 
moderating effect of social participation on the association 
between hearing impairment and MMSE score. Model 1 
tested the main effects of hearing impairment and social 
participation, which suggests that hearing impairment had 
a significantly negative effect on MMSE score (coefficient = 
−0.7290, p < 0.001), while social participation produced 
a significantly positive effect on MMSE score (coefficient 
= 0.3428, p < 0.001). Model 2 tested the moderating effect 
of social participation on the association between hearing 
impairment and MMSE score. The results indicate that 
social participation moderated the association between hear-
ing impairment and MMSE score after adjusting for the 
control variables (coefficient = 0.9424, p < 0.001). 

Table 3 OLS Regression Results of the Effect of Hearing 
Impairment on Depression Score

Variables Model 1 Model 2 Model 3

Hearing impairment 0.8682*** 0.9585*** 0.8795***

(0.2243) (0.2384) (0.2380)

Age −0.0267* −0.0291*

(0.0111) (0.0121)

Gender −0.9799*** −0.8003***

(0.1945) (0.2019)

Marital status −0.9065*** −0.8181***

(0.2232) (0.2217)

Residency area −0.0610 0.1751

(0.1986) (0.2005)

Years of schooling −0.0713*

(0.0280)

Household income −0.3955***

(0.0687)

Health insurance 0.1796

(0.2875)

Number of children −0.0649

(0.0632)

Constant 8.5697*** 11.5583*** 16.2590***

(0.4878) (1.0462) (1.3259)

Dummies for provinces Control Control Control

Number of observations 3721 3721 3721

F statistics 18.19*** 17.93*** 17.06***

R-squared 0.1035 0.1175 0.1303

Notes: Robust standard errors are given in parentheses; ***p < 0.001; *p < 0.05.

Table 4 PSM Estimation Results for the Effect of Hearing Impairment on MMSE Score

Method Sample Treated Control ATT S.E. T-Stat

K-nearest neighbor matching Unmatched 27.1427 28.5503 −1.4076 0.1021 −13.79
Matched 27.1499 27.9819 −0.8320 0.1478 −5.63***

Radius matching Unmatched 27.1427 28.5503 −1.4076 0.1021 −13.79
Matched 27.1499 27.9196 −0.7697 0.1402 −5.49***

Kernel matching Unmatched 27.1427 28.5503 −1.4076 0.1021 −13.79
Matched 27.1499 27.9522 −0.8023 0.1397 −5.74***

Nearest-neighbor matching within caliper Unmatched 27.1427 28.5503 −1.4076 0.1021 −13.79
Matched 27.1499 27.9550 −0.8051 0.1479 −5.44***

Note: ***p < 0.001.
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Specifically speaking, social participation relieved the nega-
tive effect of hearing impairment on MMSE score. This 
implies that hearing impairment had a significantly weaker 
impact on the cognitive function of older adults who parti-
cipated in social activities than those who did not.

Models 3 and 4 of Table 7 report the moderating effect 
of exercise on the association between hearing impairment 
and MMSE score. Model 3 displays the main effects of 
hearing impairment and exercise, which indicates that 
hearing impairment produced a significantly negative 
effect on MMSE score (coefficient = −0.7275, p < 
0.001), while exercise yielded a significantly positive 
effect on MMSE score (coefficient = 0.2120, p < 0.01). 
Model 4 presents the moderating effect of exercise on the 
association between hearing impairment and MMSE score, 
with regression results indicating that exercise moderated 

the association between hearing impairment and MMSE 
score after adjusting for the control variables (coefficient = 
0.7001, p < 0.01). More specifically, exercise relieved the 
adverse effect of hearing impairment on MMSE score, 
which implies that hearing impairment produced 
a significantly weaker effect on the cognitive function of 
older adults who participated in exercise than those who 
did not.

Table 8 presents the moderating effects of social parti-
cipation and exercise on the association between hearing 
impairment and depression score. Models 1 and 2 show 
the moderating effect of social participation on the asso-
ciation between hearing impairment and depression score. 
Model 1 explored the main effects of hearing impairment 
and social participation, which reveals that hearing impair-
ment had a significantly positive effect on depression score 

Table 5 PSM Estimation Results for the Effect of Hearing Impairment on Depression Score

Method Sample Treated Control ATT S.E. T-Stat

K-nearest neighbor matching Unmatched 11.8950 11.2019 0.6932 0.2313 3.00
Matched 11.9032 11.1811 0.7221 0.2764 2.61*

Radius matching Unmatched 11.8950 11.2019 0.6932 0.2313 3.00
Matched 11.9032 10.9888 0.9143 0.2614 3.50***

Kernel matching Unmatched 11.8950 11.2019 0.6932 0.2313 3.00
Matched 11.9032 10.9858 0.9173 0.2595 3.53***

Nearest-neighbor matching within caliper Unmatched 11.8950 11.2019 0.6932 0.2313 3.00

Matched 11.9032 11.1690 0.7342 0.2767 2.65*

Notes: ***p < 0.001; *p < 0.05.

Table 6 Doubly Robust Estimation Results for the Effect of Hearing Impairment on Mental Health

MMSE Score Depression Score

Model 1 Model 2 Model 3 Model 4

AIPW IPWRA AIPW IPWRA

ATE −0.5904*** −0.5829*** 0.6361* 0.6239*

(0.1044) (0.1025) (0.2762) (0.2740)

POmean 28.4159*** 28.4160*** 11.2077*** 11.2076***

(0.0467) (0.0467) (0.1106) (0.1105)

ATT −0.8200*** 0.6704**

(0.1398) (0.2507)

POmean 27.9627*** 11.2246***

(0.0832) (0.1469)

Observations 3721 3721 3721 3721

Notes: Robust standard errors are given in parentheses; ***p < 0.001; **p < 0.01; *p < 0.05.
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(coefficient = 0.8784, p < 0.001), whilst social participa-
tion produced a significantly adverse effect on depression 
score (coefficient = −0.6105, p < 0.05). Model 2 shows 
that the interaction term between hearing impairment and 
social participation was not statistically significant (coeffi-
cient = −0.5991, p > 0.05), which indicates that social 
participation did not moderate the association between 

hearing impairment and depression score after adjusting 
for the control variables.

Models 3 and 4 of Table 8 present the moderating effect 
of exercise on the association between hearing impairment 
and depression score. Model 3 tested the main effects of 
hearing impairment and exercise, indicating that hearing 
impairment had a significantly positive effect on depression 

Table 7 Moderating Effects of Social Participation and Exercise on the Association Between Hearing Impairment and MMSE Score

Variables Model 1 Model 2 Model 3 Model 4

Hearing impairment −0.7290*** −0.8788*** −0.7275*** −1.0087***
(0.1164) (0.1327) (0.1164) (0.1674)

Social participation 0.3428*** 0.1623
(0.0896) (0.0910)

Exercise 0.2120** 0.0546

(0.0799) (0.0807)

Age −0.0712*** −0.0710*** −0.0719*** −0.0712***

(0.0065) (0.0065) (0.0065) (0.0064)

Gender 0.2074* 0.2108* 0.2044* 0.2010*

(0.0882) (0.0881) (0.0884) (0.0883)

Marital status 0.1400 0.1314 0.1429 0.1363

(0.0908) (0.0909) (0.0911) (0.0908)

Residency area 0.1933* 0.1965* 0.1872* 0.1932*

(0.0827) (0.0826) (0.0830) (0.0830)

Years of schooling 0.0953*** 0.0965*** 0.0964*** 0.0968***

(0.0116) (0.0116) (0.0117) (0.0117)

Household income 0.0777** 0.0785** 0.0779** 0.0804**

(0.0286) (0.0286) (0.0285) (0.0284)

Health insurance 0.0471 0.0473 0.0569 0.0426

(0.1281) (0.1280) (0.1283) (0.1278)

Number of children −0.0144 −0.0139 −0.0195 −0.0206

(0.0343) (0.0342) (0.0343) (0.0341)

Hearing impairment * 

Social participation

0.9424***
(0.2477)

Hearing impairment * 
Exercise

0.7001**
(0.2278)

Constant 32.1156*** 32.1286*** 32.1819*** 32.1929***

(0.6193) (0.6172) (0.6097) (0.6072)

Dummies for provinces Control Control Control Control

Number of observations 3721 3721 3721 3721

F statistics 16.94*** 16.61*** 16.23*** 16.03***

R-squared 0.1973 0.2002 0.1966 0.1994

Notes: Robust standard errors are given in parentheses; ***p < 0.001; **p < 0.01; *p < 0.05.
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score (coefficient = 0.8667, p < 0.001), while exercise pro-
duced a significantly negative effect on depression score 
(coefficient = −1.2822, p < 0.001). Model 4 shows that the 
interaction term between hearing impairment and exercise 

was statistically insignificant (coefficient = 0.7806, p > 0.05), 
which suggests that exercise did not moderate the association 
between hearing impairment and depression score after 
adjusting for the control variables.

Table 8 Moderating Effects of Social Participation and Exercise on the Association Between Hearing Impairment and Depression 
Score

Variables Model 1 Model 2 Model 3 Model 4

Hearing impairment 0.8784*** 0.9737*** 0.8667*** 0.5532

(0.2375) (0.2573) (0.2370) (0.2952)

Social participation −0.6105* −0.4957

(0.2459) (0.2716)

Exercise −1.2822*** −1.4578***

(0.1918) (0.2145)

Age −0.0316** −0.0318** −0.0337** −0.0330**

(0.0121) (0.0121) (0.0120) (0.0120)

Gender −0.8094*** −0.8116*** −0.8132*** −0.8170***

(0.2017) (0.2015) (0.2004) (0.2004)

Marital status −0.8215*** −0.8161*** −0.8471*** −0.8544***

(0.2220) (0.2220) (0.2216) (0.2215)

Residency area 0.2014 0.1993 0.3012 0.3080

(0.2003) (0.2003) (0.2006) (0.2006)

Years of schooling −0.0626* −0.0633* −0.0485 −0.0481

(0.0281) (0.0281) (0.0278) (0.0278)

Household income −0.3904*** −0.3909*** −0.3792*** −0.3764***

(0.0687) (0.0687) (0.0684) (0.0685)

Health insurance 0.1790 0.1789 0.1185 0.1024

(0.2865) (0.2866) (0.2854) (0.2860)

Number of children −0.0710 −0.0713 −0.0549 −0.0561

(0.0631) (0.0631) (0.0633) (0.0632)

Hearing impairment * 

Social participation

−0.5991
(0.6061)

Hearing impairment * 

Exercise

0.7806
(0.4558)

Constant 16.6057*** 16.5974*** 17.0346*** 17.0468***

(1.3279) (1.3280) (1.3241) (1.3244)

Dummies for provinces Control Control Control Control

Number of observations 3721 3721 3721 3721

F statistics 16.92*** 16.47*** 18.81*** 18.36***

R-squared 0.1317 0.1320 0.1406 0.1413

Notes: Robust standard errors are given in parentheses; ***p < 0.001; **p < 0.01; *p < 0.05.
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Discussion
Using the 2018 wave of CLHLS dataset, we examined the 
effect of hearing impairment on mental health among the 
Chinese older adults. We used PSM and doubly robust 
estimation to conduct robustness checks. The results of 
this study indicate that hearing impairment had 
a significantly negative effect on the cognitive function 
of older adults. This is consistent with the findings of 
previous studies.4,6,16 Furthermore, we obtain robust evi-
dence indicating that hearing impairment produced 
a negative effect on the depression status of older adults, 
which is consistent with the findings of Strawbridge et al.17 

Keidser and Seeto,18 and Ye et al.19 However, this finding 
is not consistent with Hu et al20 and Zhou et al.21 This 
inconsistency may be due to various reasons, such as using 
different measurements of depression status.

We also investigated whether social participation and 
exercise moderated the association between hearing 
impairment and mental health among the older adults. 
Our findings suggest that social participation relieved the 
negative effect of hearing impairment on cognitive func-
tion. This finding is consistent with Gao et al41 who also 
reported that frequent engagement in leisure activities 
moderated the association between hearing impairment 
and cognitive decline for the Chinese older adults. Our 
findings also suggest that exercise relieved the negative 
effect of hearing impairment on cognitive function. 
However, there is no evidence indicating that social parti-
cipation relieved the adverse effect of hearing impairment 
on depression status of the older adults. Furthermore, it is 
found that exercise did not relieve the adverse effect of 
hearing impairment on depression status.

This study has rich policy implications. Firstly, it is 
reasonable to pay more attention to the mental health of 
older adults with hearing impairment. Furthermore, family 
members should frequently talk to the older adults with 
hearing impairment to avoid social isolation. Secondly, the 
government ought to encourage the older adults with hear-
ing impairment to frequently participate in social activ-
ities. Thirdly, it is necessary for the government to 
encourage the older adults with hearing impairment to 
actively take part in exercise. Finally, the government 
needs to provide more care and assistance for the hearing- 
impaired older adults who can not participate in social 
activities or exercise due to physical disabilities.

This study has several strengths. Firstly, to the best of 
our knowledge, this is the first study that used PSM and 

doubly robust estimation to investigate the effect of hear-
ing impairment on mental health in a nationally represen-
tative Chinese older adults setting. Secondly, this is the 
first study to explore the moderating effects of social 
participation and exercise on the association between hear-
ing impairment and depression status among Chinese older 
adults. Thirdly, this study provides important empirical 
evidence for the construction of healthy aging in China. 
In addition, this study highlights the importance of social 
participation and exercise in alleviating the adverse effect 
of hearing impairment on cognitive function for older 
adults.

While this study offers a rigorous examination of the 
effect of hearing impairment on mental health among the 
older adults, it has several shortcomings. Firstly, the mea-
surement of hearing impairment is based on self-reports, 
which may lead to measurement bias. Future studies may 
consider using a strict audiometry to fix this problem. 
Secondly, due to the unavailability of data, we cannot 
investigate the effects of duration and severity of hearing 
impairment on mental health among the older adults. 
Future studies may consider exploring these effects when 
more data are available. Thirdly, even though we have 
explored the moderating effects of social participation 
and exercise on the association between hearing impair-
ment and mental health among older adults, other moder-
ating effects on this association may still exist. Future 
studies may consider exploring other moderating effects 
on the association between hearing impairment and mental 
health among older adults.

Conclusions
In conclusion, we provide robust evidence indicating that 
hearing impairment had significantly negative effects on the 
cognitive function and depression status of older adults. 
Furthermore, we find that social participation and exercise 
relieved the negative effect of hearing impairment on cog-
nitive function. Moreover, there is no evidence indicating 
that social participation or exercise relieved the adverse 
effect of hearing impairment on depression status.

Abbreviations
CLHLS, Chinese Longitudinal Healthy Longevity Survey; 
MMSE, Mini-Mental State Examination; VIF, variance infla-
tion factor; OLS, ordinary least squares; PSM, propensity 
score matching; AIPW, augmented inverse-probability 
weighting; IPWRA, inverse-probability-weighted regression 
adjustment.
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