
TYPE Original Research

PUBLISHED 01 August 2022

DOI 10.3389/fpubh.2022.857307

OPEN ACCESS

EDITED BY

Chunjie Li,

Sichuan University, China

REVIEWED BY

Soham Al Snih,

University of Texas Medical Branch at

Galveston, United States

Yubin Cao,

Sichuan University, China

*CORRESPONDENCE

Yan Liu

qhyxyly@aliyun.com

†These authors have contributed

equally to this work and share first

authorship

SPECIALTY SECTION

This article was submitted to

Aging and Public Health,

a section of the journal

Frontiers in Public Health

RECEIVED 18 January 2022

ACCEPTED 04 July 2022

PUBLISHED 01 August 2022

CITATION

Liu Y-G, Wang C-C, Huang Q, Zhang L

and Liu Y (2022) Association of vision

and hearing status with depressive

symptoms among middle-aged and

older Chinese adults.

Front. Public Health 10:857307.

doi: 10.3389/fpubh.2022.857307

COPYRIGHT

© 2022 Liu, Wang, Huang, Zhang and

Liu. 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.

Association of vision and
hearing status with depressive
symptoms among middle-aged
and older Chinese adults

Yun-Guang Liu1†, Chao-Cai Wang2†, Qian Huang1, Le Zhang1

and Yan Liu1*

1Department of Public Health, Qinghai University Medical College, Xining, China, 2Department of

Infection Disease, Qinghai Center for Disease Prevention and Control, Xining, China

Objective: Long-termuntreated vision and hearing impairments can negatively

impact physical andmental wellbeing.We investigated the association of vision

and hearing status with depressive symptoms among middle-aged and older

Chinese adults.

Methods: This was a prospective cohort study of 9,492 participants from

the China Health and Retirement Longitudinal Study (CHARLS) carried out in

2011, 2013, 2015, and 2018. This study used self-reported vision and hearing

status to determine the degree of impairment. Depressive symptoms were

examined using the 10-item Center for Epidemiologic Studies Depression

Scale (CESD-10), with a total score of ≥ 12 indicating depressive symptoms.

A Cox proportional hazards model adjusted for age, sex, residence, marital

status, educational level, smoking history, alcohol consumption, hypertension,

diabetes, heart disease, digestive disease, arthritis, wearing glasses, and hearing

aids was used to estimate the association of vision and hearing status with

depressive symptoms among middle-aged and older Chinese adults.

Results: Of the 9,492 participants [mean (SD) age at CHARLS baseline,

58.12 (9.00) years], 3,238 (34.11%) participants reported incident depressive

symptoms during the 7-year follow-up period. Participants who self-reported

only vision impairment [hazard ratios (HR): 1.14, 95% confidence intervals

(CI): 1.05–1.24], only hearing impairment (HR: 1.24, 95% CI: 1.06–1.46),

and both vision and hearing impairments (HR: 1.25, 95% CI: 1.08–1.45)

were independently associated with a greater increase in the hazard risk

of incident depressive symptoms compared to those without vision and

hearing impairments. An increase in participants’ vision and hearing scores was

associated with a significant increase in the hazard risk of incident depressive

symptoms (HR: 1.04, 95% CI: 1.03–1.06).

Conclusion: Vision and hearing status was associated with increased

depressive symptoms among middle-aged and older Chinese adults

during the 7-year follow-up period. Participants’ use of glasses

and hearing aids did not improve their depressive symptoms.
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Our findings may facilitate the development of e�ective treatments to prevent

and treat vision and hearing impairments, thereby enhancing the physical and

mental wellbeing of middle-aged and older adults.
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Introduction

Vision and hearing impairments are common among

middle-aged and older adults but are typically neglected or

dismissed as a natural part of aging (1). The prevalence of

vision and hearing impairments among middle-aged and older

adults is high and is expected to further increase with the

growth of the aging population (2, 3). The Global Burden

of Disease (GBD) project results suggest that the prevalence

of child and adult hearing impairment is substantially higher

in middle- and low-income countries than in high-income

countries, demonstrating the global need for attention to hearing

impairment (4). According to a 2015 cross-sectional study,

individuals’ self-reported prevalence of vision and hearing

impairments was higher in China than in European countries

and the United States (5, 6). Despite the higher prevalence of

vision and hearing impairments among middle-aged and older

Chinese adults, most cases remain untreated. Accordingly, there

is an urgent need to address the negative effects of vision and

hearing impairments on physical and mental health.

Mental health among middle-aged and older adults often

includes depressive symptoms, the risk of which increases

with age (7). Indeed, previous studies estimated that ∼20% of

elderly individuals experience depressive symptoms (8). The

prevalence of depressive symptoms among older adults with

vision and/or hearing impairments is estimated to be 10–

30%. Crucially, depressive symptoms may negatively impact

the quality of life among elderly individuals (9). Most previous

studies found that age, gender, location, chronic conditional

diseases, physical activity, social isolation, IADL impairment,

life satisfaction, and physical health are linked to depressive

symptoms (10–12). Previous studies have indicated that vision

and hearing impairments are of relevance in this regard,

as vision and hearing-impaired older adults are more likely

to develop depressive symptoms compared to those without

vision and hearing impairments. Collectively, the literature

suggests that vision and hearing impairments among older

adults are associated with a higher risk of depressive symptoms

compared to that among non-impaired older adults (5, 11,

12). Furthermore, the number of middle-aged and older

adults with vision and/or hearing impairments in China

is high. Notably, older adults with vision and/or hearing

impairments receive insufficient medical care largely due to poor

recognition, which highlights the need for adequate attention

to be paid to this vulnerable population in conjunction with

effective interventions.

Most previous studies that focused on the effects of

vision and hearing impairments on depressive symptoms were

conducted in developed countries and yielded mixed results.

A systematic review reported the inability to perform a

meta-analysis or establish a clear association between vision

impairments and depressive symptoms in elderly individuals

(13). Several cross-sectional studies have investigated the

association of vision and hearing impairments with depressive

symptoms among older Chinese adults (5). Nevertheless, no

prospective cohort studies to date have examined the association

of vision and hearing impairments with depressive symptoms

in the elderly Chinese population. Accordingly, this study

explored the hazard risk between vision and hearing status

and depressive symptoms based on the China Health and

Retirement Longitudinal Study (CHARLS) from 2011 (Wave

1) to 2018 (Wave 4). In this study, we hypothesized that:

(1) compared to participants without vision and hearing

impairment, participants with only vision impairment, only

hearing impairment, and both vision and hearing impairment

would have a significantly higher risk of depressive symptoms;

(2) the hazard risk between vision and/or hearing impairments

and depressive symptoms would persist even after adjusting for

all risk factors (sociodemographic, lifestyle, and five types of

chronic conditional diseases); (3) an increase in participants’

vision and hearing scores would be associated with a greater

increase in the risk of incident depressive symptoms among

middle-aged and older adults; and (4) the effect size of wearing

glasses and hearing aids would be implicated in the occurrence

of depressive symptoms.

Methods

Data and participants

The CHARLS data utilized in this study were obtained

in 2011 (Wave 1), 2013 (Wave 2), 2015 (Wave 3), and 2018

(Wave 4) (14). The CHARLS waves constituted a nationally

representative longitudinal study that collected information

regarding the demographic background, health status and

functioning, and depressive symptoms of Chinese individuals
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FIGURE 1

Flowchart of the selected participants from the CHARLS.

aged 45 years and older. To ensure the representativeness of

the participants, each wave employed a multistage probability

sampling method to enroll individuals from 450 villages and

150 counties in 28 Chinese provinces. After the CHARLS

2011 baseline assessment, the CHARLS proceeded to follow-

up with participants in three waves in 2013, 2015, and

2018. In response to deficiencies of incomplete baseline

information in CHARLS, this study applied the following

inclusion criteria: (1) participants aged 45 years or older and

(2) participants not lost to follow-up. Furthermore, this study

applied exclusion criteria as follows: (1) missing information

on depressive symptoms at CHARLS 2011 baseline; (2) missing

information on vision and hearing impairments at CHARLS

2011 baseline; (3) missing covariate information at CHARLS

2011 baseline; and (4) missing information on depressive

symptoms during the 7-year follow-up. In this study, we

used all data from 2011 (Wave 1), 2013 (Wave 2), 2015

(Wave 3), and 2018 (Wave 4). The final three waves were

defined as three follow-up surveys during the 7-year follow-

up period. This study was conducted in accordance with

the Strengthening the Reporting of Observational Studies

in Epidemiology (STROBE) reporting guidelines (15). This

study included middle-aged and older adults aged 45 years

and older. A list-wise deletion approach was used to treat

for missing data, and this study excluded 8,416 participants.

The final cohort included 9,492 participants at the CHARLS

2011 baseline. The detailed sampling selection process of

the 9,492 participants with depressive symptoms included in

the analysis in this prospective cohort study is presented in

Figure 1. Furthermore, this study performed additional analyses

to evaluate the robustness of our findings by adopting an inverse

probability weighting (IPW) method to adjust for bias from

non-random selection and missingness to obtain valid estimates

in this study.

The CHARLS project was approved by the Peking University

Biomedical Ethics Review Committee (IRB00001052-11015)

(14). All participants provided written informed consent before

participating in the study.

Assessment of vision and hearing status

Assessment of vision and hearing impairments included

three major questions based on participants’ self-reported vision

and hearing status from the CHARLS 2011 baseline. To evaluate

participants’ vision and hearing (6, 16), participants were asked

the following questions: (1) “How good is your eyesight for

seeing things at a distance, such as recognizing a friend from

across the street?”; (2) “How good is your eyesight for seeing

things up close, such as reading ordinary newspaper prints?”;

and (3) “How good is your hearing?”. These three questions

were evaluated on a five-point scale ranging from 1 to 5 (1

= excellent, 2 = very good, 3 = good, 4 = fair, and 5 =

poor). Participants with vision impairments were defined as

having poor eyesight for seeing things at a distance or up close,

while participants with hearing impairments were defined as

having poor hearing. Participants without vision and hearing

impairments were defined as the absence of vision and hearing

impairments. Conversely, participants with vision and hearing

impairments were defined as having both vision and hearing

impairments (5, 17, 18). To represent vision and hearing status,

three types of independent variables were defined as follows:
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(1) the three questions included eyesight for seeing things at

a distance (1 = excellent, 2 = very good, 3 = good, 4 =

fair, and 5 = poor), eyesight for seeing things up close (1 =

excellent, 2 = very good, 3 = good, 4 = fair, and 5 = poor),

and hearing (1 = excellent, 2 = very good, 3 = good, 4 = fair,

and 5= poor); (2) vision and hearing impairments were divided

into four groups (1 = no vision and hearing impairments, 2

= only vision impairments, 3 = only hearing impairments,

and 4 = both vision and hearing impairments); and (3) three

questions were combined to obtain vision and hearing scores (as

a continuous variable) ranging from 3 to 15, with the highest

score representing both vision and hearing impairments.

Ascertainment of depressive symptoms

Depressive symptoms were treated as primary outcome

events during follow-up. Participants were assessed using a

10-item short form of the Center for Epidemiologic Studies

Depression Scale (CESD-10) in each CHARLS wave survey

(19). Using the 10 items, participants were asked about their

depressive feelings and behaviors in the previous week, such as

whether they felt depressed, lonely, or fearful. Each question of

the CESD-10 was evaluated on a four-point scale ranging from

0 to 3 [0 = <1 day (never or rarely), 1 = 1–2 days (some days),

2 = 3–4 days (occasionally), and 3 = 5–7 days (always)]. Before

calculating the total 10-item scores, items 1, 2, 3, 4, 6, 7, 9, and

10 were scored, and reverse scoring was applied to items 5 and

8. Scale scores varied from 0 to 30, with a higher total score

indicating a higher level of depressive symptoms. Depressive

symptoms were defined as a binary dependent variable (1 =

yes and 2 = no), with a total score of 12 indicating depressive

symptoms (20, 21). The CESD-10 scale has been reported to have

adequate reliability and validity among Chinese community-

dwelling elderly individuals (17, 21).

Covariate information assessment

Participants’ covariate information at CHARLS 2011

baseline include (1) age (in years; 1 = 45–54, 2 = 55–64, 3 =

65–74, and 4 ≥ 75), sex (1 = male and 2 = female), residence

(1 = rural and 0 = urban), education level (1 = illiterate, 2

= elementary school and below, 3 = middle school, and 4 =

high school and above), marital status (1 = married/cohabiting

and 2 = separated/divorced/widowed/never married), chronic

diseases (1 = yes and 2 = no), smoking history (1 = yes and 2

= no), and alcohol consumption history (0 = none, 1 = drinks

more than once a month, and 2 = drinks but less than once a

month); (2) presence of chronic diseases, namely, hypertension

(1 = yes and 0 = no), diabetes (1 = yes and 0 = no), heart

disease (1 = yes and 0 = no), digestive disease (1 = yes and 0 =

no), arthritis (1 = yes and 0 = no); and (3) self-assessed daily

use of wearing glasses and/or a hearing aid (1 = yes and 0 =

no). These risk factors were included as covariates in different

models in this analysis.

Statistical analyses

For dichotomous covariate information at the CHARLS

2011 baseline, we compared the differences among participants

with and without depressive symptoms using a t-test or a

chi-square test. A Cox proportional hazards model was used

to calculate the hazard risk between vision and/or hearing

status and depressive symptoms. Stratified analysis according

to different characteristics was conducted to calculate the

hazard risks between vision and hearing scores and depressive

symptoms among participants, and the significance of all risk

factor group interactions between vision and hearing scores and

depressive symptoms was also calculated. The following four

models were estimated in this study: Model 0 was unadjusted;

Model 1 was adjusted for age, sex, residence, marital status,

and educational level; Model 2 was adjusted for factors in

Model 1 plus smoking history, alcohol consumption history,

hypertension, diabetes, heart disease, digestive disease, and

arthritis; and Model 3 was adjusted for factors in Model 2

plus wearing glasses and hearing aids. Covariate information

was assumed to be missing at random in this study, and we

performed a complete case analysis. The level of statistical

significance was set at 95% (P-value < 0.05). Associations are

presented as hazard ratios (HRs) with 95% confidence intervals

(CIs). All data analyses were conducted using R statistical

software version 4.1.2.

We performed two additional analyses to evaluate the

robustness of our findings: (1) the Fine and Gray competing

risk model to calculate the hazard risk of depressive symptoms

and (2) the IPW method to adjust for bias from non-random

selection and missingness to obtain valid estimates.

Results

Of the 17,708 participants at CHARLS 2011 baseline,

we excluded 114 participants with incomplete information

on health status and functioning, 2,323 participants with

incomplete information on depressive symptoms, 103

participants with missing vision and/or hearing status

information, 294 participants with incomplete information

on covariates, 307 participants younger than 45 years, 928

participants who were lost to follow-up, 562 participants

without answers to the questions on depressive symptoms

during the 7-year follow-up period, and 3,585 participants with

depressive symptoms at CHARLS 2011 baseline. A final total of

9,492 participants were included in the analysis (Figure 1).

The average age of the 9,492 participants was 58.12 years

(SD: 9.00 years). Of participants, 4,930 (51.94%) were men and
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TABLE 1 The characteristics of the selected participants at CHARLS 2011 baseline.

Characteristics Participants, No. (%) P-valuea

Total (N = 9,492) Depressive symptomsb

No (n= 6,254) Yes (n= 3,238)

Age, years, mean (SD) 58.12 (9.00) 57.98 (9.03) 58.39 (8.94) 0.033

Gender

Male 4,930 (51.94) 3,573 (57.13) 1,357 (41.91) <0.001

Female 4,562 (48.06) 2,681 (42.87) 1,881 (58.09)

Residence

Urban 5,441 (57.32) 3,299 (52.75) 2,142 (66.15) <0.001

Rural 4,051 (42.68) 2,955 (47.25) 1,096 (33.85)

Education level

Illiterate 2,107 (22.20) 1,142 (18.26) 965 (29.80) <0.001

Elementary school and below 3,681 (38.78) 2,321 (37.11) 1,360 (42.00)

Middle school 2,258 (23.79) 1,623 (25.95) 635 (19.61)

High school and above 1,446 (15.23) 1,168 (18.68) 278 (8.59)

Marital status

Married/cohabiting 8,614 (90.75) 5,712 (91.33) 2,902 (89.62) 0.006

Separated/divorced /widowed/never married 878 (9.25) 542 (8.67) 336 (10.38)

Smoking history

Yes 3,915 (41.25) 2,766 (44.23) 1,149 (35.48) <0.001

No 5,577 (58.75) 3,488 (55.77) 2,089 (64.52)

Alcohol consumption

Drink more than once a month 2,648 (27.48) 1,919 (30.68) 689 (21.18) <0.001

Drink but less than once a month 787 (8.29) 546 (8.73) 241 (7.44)

None of these 6,097 (64.23) 3,789 (60.59) 2,308 (71.28)

Hypertension

Yes 2,166 (22.82) 1,403 (22.43) 763 (23.56) 0.214

No 7,326 (77.18) 4,851 (77.57) 2,475 (76.44)

Diabetes

Yes 483 (5.09) 305 (4.88) 178 (5.50) 0.192

No 9,009 (94.91) 5,949 (95.12) 3,060 (94.50)

Heart disease

Yes 948 (9.99) 597 (9.55) 351 (10.84) 0.046

No 8,544 (90.01) 5,657 (90.45) 2,887 (89.16)

Digestive disease

Yes 1,779 (18.74) 1,059 (16.93) 720 (22.24) <0.001

No 7,713 (81.26) 5,195 (83.07) 2,518 (77.76)

Arthritis

Yes 2,651 (27.93) 1,542 (24.66) 1,109 (34.25) <0.001

No 6,841 (72.07) 4,712 (75.34) 2,129 (65.75)

Wearing glasses

Yes 1,098 (11.57) 753 (12.04) 345 (10.65) 0.045

No 8,394 (88.43) 5,501 (87.96) 2,893 (89.35)

Wearing hearing aids

Yes 46 (0.48) 30 (0.48) 16 (0.49) 0.924

No 9,446 (99.52) 6,224 (99.52) 3,222 (99.51)

aT-test or Pearson’s χ
2-test for the significance of the difference between participants with and without depressive symptoms.

bDefined as a score of 12 or greater on the 10-item Center for Epidemiologic Studies Depression scale.
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4,562 (48.06%) were women. The significance of the differences

between participants with and without depressive symptoms

stratified by different characteristics is presented in Table 1.

Univariate analysis revealed that compared with those without

incident depressive symptoms, participants with depressive

symptoms were more likely to be older (57.98 ± 9.03 vs.

58.39 ± 8.93, P-value = 0.033), and significant differences were

observed in gender (P-value < 0.001), residence (P-value <

0.001), education level (P-value < 0.001), marital status (P-

value = 0.006), smoking history (P-value < 0.001), alcohol

consumption (P-value < 0.001), heart disease (P-value= 0.046),

digestive disease (P-value < 0.001), arthritis (P-value < 0.001),

and wearing glasses (P-value = 0.045) among participants with

incident depressive symptoms. Table 2 presents a comparison of

the differences in CHARLS 2011 baseline characteristics between

the included participants and those who were excluded from

the analysis.

At CHARLS 2011 baseline, 6,463 (68.09%) participants had

no vision and hearing impairments, 2,154 (22.69%) had only

vision impairments, 407 (4.29%) had only hearing impairments,

and 468 (4.93%) had both vision and hearing impairments. After

a 7-year follow-up period, 3,238 (34.11%) participants reported

incident depressive symptoms. Table 3 presents the association

of vision and hearing status with depressive symptoms and the

effect size of wearing glasses and hearing aids on depressive

symptoms. After adjusting for potential covariates (in Model

3), a comparison of poor with excellent revealed adjusted HRs

of 1.59 (95% CI: 1.16–2.17) for eyesight for seeing things at

a distance, 1.28 (95% CI: 0.91–1.83) for eyesight for seeing

things up close, and 1.42 (95% CI: 1.02–1.98) for hearing.

Compared with no vision and hearing impairments, only

vision impairments (HR: 1.13, 95% CI: 1.04–1.22), only hearing

impairments (HR: 1.20, 95% CI: 1.02–1.41), and both vision

and hearing impairments (HR: 1.21, 95% CI: 1.05–1.41) were

significantly associated with depressive symptoms. The hazard

risk of depressive symptoms increased with an improvement

in vision and hearing scores (HR: 1.04, 95% CI: 1.02–1.06).

Furthermore, compared with participants that did not wear

glasses and hearing aids, participants that wore glasses (HR:

1.02, 95% CI: 0.91–1.15) and hearing aids (HR: 1.25, 95% CI:

0.76–2.05) did not dismiss the association.

Restricted cubic spline regression revealed a positive linear

association between vision and hearing scores and the hazard

risk of depressive symptoms (for non-linearity: χ2-value= 7.30,

P-value = 0.026) (Figure 2) and a positive linear association

between age and the hazard risk of depressive symptoms (for

non-linearity: χ2-value= 1.22, P-value= 0.545) (Figure 3).

There was no evidence that our results lacked robustness

in the two additional analyses. Table 4 presents similar findings

between the Fine and Gray competing risk model and Cox

proportional hazards model in Table 3. Table 5 presents the

association of vision and hearing scores with depressive

symptoms before using the Cox proportional hazards model

TABLE 2 The characteristics between participants included and not

included at baseline.

Characteristics Not included Included P-value

Participants, No. (%) 8,216 (46.40) 9,492 (53.60)

Age, years, mean (SD) 60.13 (11.25) 58.12 (9.00) <0.001

Gender, No (%)

Male 3,541 (43.80) 4,930 (58.20) <0.001

Female 4,659 (50.53) 4,562 (49.47)

Residence, No (%)

Rural 3,117 (43.48) 4,051 (56.52) <0.001

Urban 5,096 (48.36) 5,441 (51.64)

Education level, No (%)

Illiterate 2,696 (56.13) 2,107 (43.87) <0.001

Elementary school and below 3,271 (47.05) 3,681 (52.95)

Middle school 1,394 (38.17) 2,258 (61.83)

High school and above 800 (35.62) 1,446 (64.38)

Marital status, No (%)

Married/cohabiting 6,803 (44.13) 8,614 (55.87) <0.001

Separated/divorced

/widowed/never married

1,380 (61.12) 878 (38.88)

Smoking history, No (%)

Yes 3,016 (43.51) 3,915 (56.49) <0.001

No 5,051 (47.53) 5,577 (52.47)

Alcohol consumption, No (%)

Drink more than once a

month

1,775 (40.50) 2,608 (59.50) <0.001

Drink but less than once a

month

597 (43.14) 787 (56.86)

None of these 5,688 (58.26) 6,097 (51.74)

Hypertension, No (%)

Yes 2,118 (49.44) 2,166 (50.56) <0.001

No 5,860 (44.44) 7,326 (55.56)

Diabetes, No (%)

Yes 510 (51.36) 483 (48.64) <0.001

No 7406 (45.12) 9009 (54.88)

Heart disease, No (%)

Yes 1,145 (54.71) 948 (45.29) <0.001

No 6,830 (44.43) 8,544 (55.67)

Digestive disease, No (%)

Yes 2,123 (54.41) 1,779 (45.59) <0.001

No 5,902 (43.35) 7,713 (56.65)

Arthritis, No (%)

Yes 3,122 (54.08) 2,651 (45.92) <0.001

No 4,910 (41.78) 6,841 (58.22)

Wearing glasses, No (%)

Yes 870 (44.21) 1,098 (55.79) 0.184

No 7,091 (45.79) 8,394 (54.21)

Wearing hearing aid, No (%)

Yes 52 (53.06) 46 (46.94) 0.158

No 8,024 (45.93) 9,446 (54.07)
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TABLE 3 Association of vision and hearing status with depressive symptoms among middle-aged and older Chinese adults.

Vision and hearing status (No.) Outcome case,

No (%)

Depressive symptome HR (95% CI)

Model 0a Model 1b Model 2c Model 3d

Eyesight for seeing things at a distance

Excellent (189) 43 (22.75) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Very good (1,413) 376 (26.61) 1.12 (0.87–1.64) 1.15 (0.84–1.57) 1.15 (0.84–1.58) 1.15 (0.84–1.58)

Good (2,693) 894 (33.20) 1.56 (1.14–2.11)** 1.39 (1.02–1.89)* 1.36 (1.01–1.86)* 1.37 (1.01–1.86)*

Fair (3,732) 1,303 (34.91) 1.66 (1.22–2.24)** 1.43 (1.05–1.94)* 1.37 (1.02–1.87)* 1.38 (1.02–1.87)*

Poor (1,465) 622 (42.46) 2.15 (1.57–2.93)*** 1.71 (1.25–2.33)*** 1.59 (1.17–2.17)** 1.59 (1.16–2.17)**

Eyesight for seeing things up close

Excellent (132) 33 (25.00) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Very good (978) 293 (29.96) 1.24 (0.87–1.78) 1.19 (0.83–1.71) 1.20 (0.84–1.73) 1.20 (0.84–1.72)

Good (2,470) 827 (33.48) 1.42 (1.00–2.01) 1.30 (0.91–1.84) 1.27 (0.89–1.80) 1.27 (0.89–1.79)

Fair (4,085) 1,371 (33.56) 1.43 (1.01–2.02)* 1.25 (0.89–1.77) 1.21 (0.86–1.71) 1.21 (0.86–1.71)

Poor (1,827) 714 (39.08) 1.59 (1.73–2.46)** 1.47 (1.04–2.09)* 1.39 (0.98–1.98) 1.39 (0.91–1.97)

Hearing

Excellent (158) 40 (25.31) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Very good (1,534) 438 (28.55) 1.15 (0.83–1.59) 1.10 (0.80–1.53) 1.10 (0.80–1.53) 1.10 (0.80–1.52)

Good (3,221) 1,042 (32.35) 1.33 (0.97–1.82) 1.22 (0.89–1.67) 1.20 (0.88–1.65) 1.20 (0.88–1.65)

Fair (3,704) 1,355 (36.58) 1.56 (1.14–2.13)** 1.40 (1.02–1.91)* 1.33 (0.97–1.83) 1.33 (0.97–1.83)

Poor (875) 363 (41.49) 1.82 (1.31–2.53)*** 1.58 (1.14–2.20)** 1.50 (1.08–2.08)* 1.49 (1.07–2.07)*

Vision and hearing impairment group

No vision and hearing impairment (6,463) 2,043 (31.61) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Only vision impairment (2,154) 832 (38.62) 1.30 (1.19–1.40)*** 1.18 (1.09–1.28)*** 1.14 (1.05–1.24)** 1.14 (1.05–1.24)**

Only hearing impairment (407) 161 (40.15) 1.31 (1.12–1.54)*** 1.27 (1.08–1.49)** 1.25 (1.06–1.47)** 1.24 (1.06–1.46)**

Both vision and hearing impairment (468) 202 (43.16) 1.49 (1.29–1.73)*** 1.33 (1.15–1.54)*** 1.25 (1.08–1.45)** 1.25 (1.08–1.45)**

Risk factorsf

Age 1.00 (0.99–1.00) 1.00 (0.99–1.00) 1.00 (0.99–1.00)

Gender

Male 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Female 1.52 (1.41–1.64)*** 1.42 (1.28–1.58)*** 1.42 (1.28–1.58)***

Residence

Urban 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Rural 0.71 (0.66–0.76)*** 0.71 (0.66–0.76)*** 0.71 (0.65–0.76)***

Education level

Illiterate 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Elementary school and below 0.92 (0.84–1.00) 0.91 (0.83–0.99)* 0.90 (0.83–0.99)*

Middle school 0.71 (0.63–0.79)*** 0.71 (0.64–0.80)*** 0.71 (0.63–0.79)***

High school and above 0.50 (0.43–0.57)*** 0.50 (0.43–0.57)*** 0.49 (0.43–0.57)***

Marital status

Married/cohabiting 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Separated/divorced/widowed/never married 1.04 (0.92–1.17) 1.04 (0.93–1.18) 1.04 (0.93–1.18)

Smoking history

Yes 1.05 (0.95–1.16) 1.05 (0.95–1.16)

No 1.00 (Reference) 1.00 (Reference)

(Continued)
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TABLE 3 Continued

Vision and hearing status (No.) Outcome case,

No (%)

Depressive symptome HR (95% CI)

Model 0a Model 1b Model 2c Model 3d

Alcohol consumption

Drink more than once a month 1.15 (1.00–1.34) 1.15 (0.99–1.33)

Drink but less than once a month 1.22 (1.10–1.34)*** 1.22 (1.10–1.34)***

None of these 1.00 (Reference) 1.00 (Reference)

Hypertension

Yes 1.03 (0.95–1.13) 1.03 (0.95–1.13)

No 1.00 (Reference) 1.00 (Reference)

Diabetes

Yes 1.21 (1.03–1.41)* 1.21 (1.03–1.41)*

No 1.00 (Reference) 1.00 (Reference)

Heart disease

Yes 1.07 (0.96–1.21) 1.07 (0.96–1.21)

No 1.00 (Reference) 1.00 (Reference)

Digestive disease

Yes 1.21 (1.11–1.32)*** 1.21 (1.11–1.31)***

No 1.00 (Reference) 1.00 (Reference)

Arthritis

Yes 1.29 (1.20–1.39)*** 1.29 (1.20–1.39)***

No 1.00 (Reference) 1.00 (Reference)

Wearing glasses

Yes 1.02 (0.91–1.15)

No 1.00 (Reference)

Wearing hearing aids

Yes 1.25 (0.76–2.05)

No 1.00 (Reference)

HR, hazard ratio; CI, confidence interval. *0.01 < P-value <0.05, **0.001 < P-value <0.01, ***P-value < 0.001.
aModel 0 was unadjusted.
bModel 1 was adjusted for age, sex, residence, marital status, and educational level.
cModel 2 was adjusted for age, sex, residence, marital status, educational level, smoking history, alcohol consumption, hypertension, diabetes, heart disease, digestive disease, and arthritis.
dModel 3 was adjusted for age, sex, residence, marital status, educational level, smoking history, alcohol consumption, hypertension, diabetes, heart disease, digestive disease, arthritis,

wearing glasses, and wearing hearing aids.
eDefined as a score of 12 or greater on the 10-item Center for Epidemiologic Studies Depression scale.
fHazard ratio on the risk factors of vision and hearing impairment group.

(HR: 1.05, 95% CI: 1.03–1.06) and after using the IPW method

(HR: 1.93, 95% CI: 1.75–2.12).

Table 6 presents the association of vision and hearing

impairments with depressive symptoms, stratified by different

risk factors. No significant interactions were noted among risk

factors (all P-values for interaction > 0.05). The association of

vision and hearing scores with depressive symptoms differed

among participants stratified according to different risk factors

at baseline. The analysis stratified according to different risk

factors revealed that participants with depressive symptoms

were more likely to be younger, had a higher level of

education, did not consume alcohol, and did not wear glasses

or hearing aids.

Discussion

This study established the association between vision

and hearing status and depressive symptoms in middle-aged

and older Chinese adults. Our findings provide evidence

based on a nationally representative cohort study sample

of 9,492 Chinese community-dwelling elderly individuals

and longitudinal follow-up to support our hypotheses. This

study had four major findings based on the cohort study

data. First, participants with only vision impairments, only

hearing impairments, and both vision and hearing impairments

exhibited incident depressive symptoms during the 7-year

follow-up period. Second, the fact that all risk factors (e.g.,
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FIGURE 2

Adjusted hazard ratios (HRs) of depressive symptoms, according to vision and hearing scores. Graphs show HRs for depressive symptoms

adjusted for age, sex, residence, marital status, educational level, smoking history, alcohol consumption, hypertension, diabetes, heart disease,

digestive disease, arthritis, wearing glasses, and wearing a hearing aid. Data were fitted by a restricted cubic spline Cox proportional hazards

regression model. The vision and hearing scores range from 3 to 15, with the highest score representing impairment of vision and hearing. Solid

lines indicate HRs, and dashed lines indicate 95% CIs.

age, sex, chronic diseases, and lifestyle) were obtained using

CHARLS self-reported questionnaires does not diminish the

interpretation of the association between vision and/or hearing

status and depressive symptoms. Third, participants with higher

vision and hearing scores had a greater risk of depressive

symptoms. Finally, the use of glasses and hearing aids did

not improve depressive symptoms. In addition, this study

excluded 8,416 participants from the CHARLS baseline, which

may have contributed to the non-representativeness of the

9,492 participants included in this study and the acquisition of

erroneous estimates. Therefore, this study used the IPWmethod

to adjust for bias from non-random selection andmissingness to

obtain valid estimates of the association.

Our findings identified a total of 2,154 (22.69%) participants

with only vision impairments, 407 (4.29%) with only hearing

impairments, and 468 (4.93%) with both vision and hearing

impairments at the CHARLS 2011 baseline. After the 7-

year follow-up period, 3,238 (34.11%) participants reported

incident depressive symptoms. Our findings revealed that higher

vision and hearing scores were indicative of more depressive

symptoms. As reported by Armenia (11), the prevalence of

vision impairments (moderate and severe poor vision) was
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FIGURE 3

Adjusted hazard ratios (HRs) of depressive symptoms, according to age. Graphs show HRs for depressive symptoms adjusted for vision and

hearing scores, sex, residence, marital status, educational level, smoking history, alcohol consumption, hypertension, diabetes, heart disease,

digestive disease, arthritis, wearing glasses, and wearing a hearing aid. Data were fitted by a restricted cubic spline Cox proportional hazards

regression model. The vision and hearing scores range from 45 to 85. Solid lines indicate HRs, and dashed lines indicate 95% CIs.

13.3%, and almost 3.8% of patients were blind. A study

on Italian elderly individuals revealed that the incidence of

vision impairments was 1.4% and the prevalence of hearing

impairments was as low as 0.2% but increased with age (22).

A survey conducted in four typical Chinese provinces reported

that over two-thirds of Chinese adults aged 60 years and older

had hearing impairments (23). Moreover, a study in Singapore

reported that patients with glaucoma often presented with

coexisting psychiatric disorders such as anxiety and depression.

And there was a relatively high prevalence of depression

(30%) and anxiety disorder (64%) among glaucoma patients

in Singapore; notably, female patients with glaucoma were

more likely to present with depressive symptoms (24). Our

findings revealed that the prevalence of vision and hearing

impairments in China was distinct from that reported in other

studies, which could be due to the different assessment methods

and characteristics of the populations involved in the studies

performed in different countries.

Frontiers in PublicHealth 10 frontiersin.org

https://doi.org/10.3389/fpubh.2022.857307
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Liu et al. 10.3389/fpubh.2022.857307

TABLE 4 Association of vision and hearing status with depressive

symptoms by the Fine and Gray competing risk analysis.

Vision and hearing status Depressive symptom

statusb HR (95% CI)

Modela

Eyesight for seeing things at a distance

Excellent 1.00 (Reference)

Very good 1.14 (0.84–1.54)

Good 1.34 (1.00–1.18)

Fair 1.35 (1.01–1.80)*

Poor 1.54 (1.15–2.07)**

Eyesight for seeing things up close

Excellent 1.00 (Reference)

Very good 1.19 (0.85–1.67)

Good 1.25 (0.91–1.73)

Fair 1.20 (0.87–1.66)

Poor 1.36 (0.99–1.89)

Hearing

Excellent 1.00 (Reference)

Very good 1.09 (0.81–1.49)

Good 1.19 (0.88–1.60)

Fair 1.31 (0.97–1.76)

Poor 1.44 (1.06–1.97)*

Vision and hearing impairment group

No vision and hearing impairment 1.00 (Reference)

Only vision impairment 1.13 (1.05–1.22)***

Only hearing impairment 1.22 (1.05–1.41)***

Both vision and hearing impairment 1.23 (1.07–1.40)***

HR, hazard ratio; CI, confidence interval. *0.01 < P-value < 0.05, **0.001 < P-value <

0.01, ***P-value < 0.001.
aModel was adjusted for age, sex, residence, marital status, educational level, smoking

history, alcohol consumption, hypertension, diabetes, heart disease, digestive disease,

arthritis, wearing glasses, and wearing hearing aids.
bDefined as a score of 12 or greater on the 10-item Center for Epidemiologic Studies

Depression scale.

Our results revealed that participants with only vision

impairments, only hearing impairments, and both vision and

hearing impairments presented with depressive symptoms

but with a different degree of risk. Several population-based

longitudinal studies in Canada (25), the Salisbury Eye Evaluation

Study (26), and the National Health and Aging Trends Study

(27) confirmed a link between depressive symptoms and vision

impairments. A prevailing concern among hearing-impaired

individuals in China is the impact of hearing impairments

on physical and mental health (23, 28). Indeed, the Korean

health insurance cohort study (29) reported that severe hearing

impairments significantly increased the risk of depressive

symptoms in all age groups of the study population after

matching for age, sex, income, and region. A population-based

longitudinal study reported that vision and hearing impairments

were significantly associated with depressive symptoms and

suggested that treating or rehabilitating either vision or

hearing impairments may incident depressive symptoms (25,

30, 31). According to several prospective studies, the presence

of depressive symptoms is associated with reduced sensory

function, and the risk of depressive symptoms increases

over subsequent years (28, 32). A multi-site cohort study of

community-dwelling persons aged 65 years and over from

the electoral rolls of three French cities suggested that this

relationship is complex depending on whether the loss is related

to near visual impairment or visual function loss and visual

decline across time (33). Consistent with previous studies, our

findings also demonstrated that an increase in vision and hearing

scores was associated with a higher risk of depressive symptoms

after adjusting for potential confounders, and further studies are

warranted to clarify this dose–effect relationship. However, it

should be noted that CESD-10 is different from clinical measures

of depressive symptoms, and these results should be interpreted

with caution among middle-aged and older adults.

Consistent with previous studies, our findings indicated that

participants with depressive symptoms stratified by potential

risk factors were more likely to be younger, have a high

level of education, not consume alcohol, and not wear glasses

and hearing aids. Our data revealed that age was not a

significant risk factor for this association. Depression is a

serious public health concern among elderly individuals; it

causes disability, medical illnesses, mental health problems,

and increased mortality (11). Previous research has reported

that individuals with vision and/or hearing impairments have

a higher risk of depressive symptoms (2, 34). In addition to

vision and hearing impairments, previous studies found that

older age, female sex, lower education, illness, mobility, IADL,

sleep time, smoking, residential setting, emotional support,

negative interactions with family members, social participation,

and physical activities are more likely to be associated with

depressive symptoms (6, 30, 35). As participants’ chronic

diseases were self-reported, the results obtained in this stratified

analysis should not be used to infer causal associations between

chronic diseases and depressive symptoms. Nevertheless, we

observed an increased likelihood of depression with age. Of

note, a higher education level did not reduce the occurrence of

depressive symptoms, which may be because individuals with

higher levels of education have more risk factors influencing

their mental health.

In this study, vision and hearing status was self-reported in

CHARLS. In this regard, objective clinical vision and hearing

screening are more appropriate than subjective self-reported

vision and hearing status, although a previous study reported

the opposite result (36). Consistent with existing literature,

our findings suggest longitudinal trends in self-reported vision

impairments and depressive symptoms. Clinical vision and

hearing screening may be more appropriate than self-reported

vision and hearing impairment status to more accurately assess
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TABLE 5 Associations between vision and hearing scores and

depressive symptoms by Cox and IPWmethods.

Methods Depressive symptom

statusb HR (95% CI)

Modela

Vision and/or hearing score (Cox) 1.05 (1.03–1.06)***

Vision and/or hearing score (IPW) 1.93 (1.75–2.12)***

HR, Hazard Ratio; CI, Confidence Interval; Cox, Cox proportional hazards model; IPW,

Inverse probability weighting. ***P-value < 0.001.
aModel was adjusted for age, sex, residence, marital status, educational level, smoking

history, alcohol consumption, hypertension, diabetes, heart disease, digestive disease,

arthritis, wearing glasses, and wearing hearing aids.
bDefined as a score of 12 or greater on the 10-item Center for Epidemiologic Studies

Depression scale.

vision and hearing status in older adults. A prospective study

employed objective hearing tests to assess the relationship

between hearing impairments and depressive symptoms (29).

Results of the Georgia Centenarian Study suggest that objective

vision status does not always reflect subjective status, and

various factors affect the relationship between objective vision

function and self-reported vision problems (37). Previous

studies have predominantly focused on self-reported vision and

hearing status as a key indicator of actual vision and hearing

impairments in elderly individuals. Some studies have compared

the two vision measures regarding mental health and reported

that self-reported vision function loss was a better predictor of

depression compared to the indicators of objective vision acuity

(38, 39). Previous research comparing vision measurements

in relation to mental health has indicated that self-reported

vision functional impairments were a stronger predictor of

depressive symptoms compared to objective measures of vision

acuity (38). In addition, a systematic review suggested the

inability to conduct a meta-analysis or establish an association

between vision impairments and depressive symptoms in elderly

individuals for various reasons, namely, a lack of standardized

vision impairment measures, different depressive symptom

scales, comparability of the studies, and the potential bias

caused by different variables (13). Consistent with previous

studies, our findings demonstrated that subjective self-reported

vision and hearing impairments were associated with depressive

symptoms amongmiddle-aged and older adults. Future research

should examine objective measures and subjective self-reported

disparities in vision and hearing impairments in China.

In this study, only a small number of participants wore

glasses and hearing aids.Moreover, the use of glasses and hearing

aids did not attenuate the association of vision and hearing

impairments with depressive symptoms. The use of glasses and

hearing aids is lower in older Chinese adults, which may be

modulated by outdated beliefs (e.g., wearing glasses or hearing

aids can lead to further impairments in vision or hearing) (6).

Furthermore, older adults with vision and hearing impairments

TABLE 6 Association of vision and hearing scores with depressive

symptoms stratified by di�erent risk factors using Cox.

Characteristics Depressive

symptomb HR

(95% CI)

P-value P-value for

interaction

Overall 1.05 (1.03–1.06) <0.001

Age (years) 0.735

45–54 1.06 (1.03–1.08) 0.001

55–64 1.03 (1.00–1.06) 0.037

65–74 1.07 (1.03–1.11) <0.001

≥75 1.06 (0.98–1.14) 0.128

Gender 0.484

Male 1.05 (1.02–1.08) <0.001

Female 1.04 (1.02–1.07) <0.001

Residence 0.853

Urban 1.04 (1.02–1.06) <0.001

Rural 1.05 (1.02–1.08) <0.001

Education level 0.272

Illiterate 1.03 (1.00–1.06) 0.082

Elementary school and

below

1.05 (1.02–1.07) 0.001

Middle school 1.06 (1.02–1.10) 0.004

High school and above 1.09 (1.03–1.16) 0.002

Marital status 0.751

Married/cohabiting 1.04 (1.03–1.06) <0.001

Separated/divorced/

widowed/ never married

1.06 (1.01–1.11) 0.026

Smoking history 0.825

Yes 1.05 (1.02–1.08) <0.001

No 1.05 (1.02–1.07) <0.001

Alcohol consumption 0.294

Drink more than once a

month

1.03 (0.99–1.06) 0.137

Drink but less than once

a month

1.09 (1.03–1.16) 0.005

None of these 1.05 (1.03–1.07) <0.001

Hypertension 0.866

Yes 1.06 (1.02–1.09) 0.003

No 1.04 (1.02–1.06) <0.001

Diabetes 0.107

Yes 1.10 (1.01–1.19) 0.022

No 1.04 (1.03–1.06) <0.001

Heart disease 0.111

Yes 1.02 (0.96–1.07) 0.540

No 1.05 (1.03–1.07) <0.001

Digestive disease 0.892

Yes 1.04 (1.01–1.08) 0.020

No 1.05 (1.01–1.07) <0.001

(Continued)
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TABLE 6 Continued

Characteristics Depressive

symptomb HR

(95% CI)

P-value P-value for

interaction

Arthritis 0.134

Yes 1.03 (1.00–1.07) 0.029

No 1.05 (1.03–1.07) <0.001

Wearing glasses 0.909

Yes 1.05 (0.99–1.10) 0.101

No 1.05 (1.03–1.06) <0.001

Wearing hearing aids 0.284

Yes 0.79 (0.52–1.19) 0.253

No 1.05 (1.03–1.07) <0.001

HR, hazard ratio; CI, confidence interval.
aModel was adjusted for age, sex, residence, marital status, educational level, smoking

history, alcohol consumption, hypertension, diabetes, heart disease, digestive disease,

arthritis, wearing glasses, and wearing hearing aids.
bDefined as a score of 12 or greater on the 10-item Center for Epidemiologic Studies

Depression scale.

who are treated with glasses, hearing aids, and other therapeutic

approaches exhibit improvements in depressive symptoms,

wellbeing, and quality of life (6, 22, 40). A population-based

longitudinal study reported that vision impairments were

significantly associated with depressive symptoms and suggested

that the treatment or rehabilitation of vision impairments

could help to prevent depressive symptoms (30). Similarly,

other studies have suggested that vision impairments in elderly

individuals can increase their risk of developing depressive

symptoms. Accordingly, early interventions to prevent the

occurrence and onset of vision impairments are warranted to

improve the quality of life of these individuals (41, 42). The

severity of hearing impairments is closely related to multiple

physical and mental health outcomes among middle-aged and

older Chinese adults, and actions should be taken to prevent

and treat hearing impairments to improve health and wellbeing

(28, 32). In this regard, the use of glasses and hearing aids

to improve depressive symptoms is noteworthy, and medical

and health education initiatives for older adults with vision and

hearing impairments are warranted.

The strengths of our research design based on a large

population in China and distinct vision and hearing analyses

revealed a significant connection between vision and hearing

status and depressive symptoms, which was based on the

CHARLS design of a prospective cohort study with a 7-year

follow-up period. However, this study has several limitations.

First, additional confounding factors linked with depressive

symptoms, such as income, life satisfaction, and social support,

were not included as covariates for model adjustment. Second,

vision and hearing status was self-reported and was not

based on medical records in CHARLS. Third, only a small

number of participants wore glasses and hearing aids; hence,

any improvements could not be conclusively determined.

Participants were only asked about their vision and hearing

impairments and use of glasses and hearing aids at baseline but

not during the 7-year follow-up period, during which we focused

only on depressive symptoms. Finally, the self-reported variables

may have introduced recall bias when the study included older

adults in CHARLS.

In conclusion, this study demonstrated that vision and

hearing impairments were associated with depressive symptoms

among middle-aged and older Chinese adults. Furthermore, our

findings revealed that participants with only vision impairments,

only hearing impairments, and both vision and hearing

impairments were at a higher risk of incident depressive

symptoms. Based on our findings, individuals with both vision

and hearing impairments had the highest risk of developing

depressive symptoms, followed by those with only hearing or

vision impairments. The presence of other risk factors did not

affect the interpretation of the association of vision and hearing

impairments with depressive symptoms. Moreover, an increase

in participants’ vision and hearing scores was associated with

an increase in the hazard risk of incident depressive symptoms

among middle-aged and older Chinese adults. In addition,

participants’ use of glasses and hearing aids did not improve

depressive symptoms. Despite the growing burden of vision and

hearing impairments in China’s aging society, these conditions

have been overlooked. Accordingly, effective treatments to

prevent and treat vision and hearing impairments are warranted

to improve the mental health and quality of life of middle-aged

and older individuals with vision and hearing impairments.
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