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Abstract
Background 　 Hearing impairment and tooth loss are relatively common among
older adults and seriously compromise their physical and mental health. How-
ever, population-based studies investigating the relationship between tooth loss,
denture use, and hearing impairment in the elderly population remain limited.
Objective 　 To investigate the association between tooth loss and hearing im-
pairment among older adults aged ≥ 65 years in China. Methods 　 In Jan-
uary 2023, 15,161 older adults aged ≥ 65 years who met the inclusion criteria
were selected from the 2018 follow-up data of the Chinese Longitudinal Healthy
Longevity Survey (CLHLS). Hearing impairment status was used as the outcome
variable, number of teeth as the explanatory variable, and sociodemographic,
lifestyle, and health status information as covariates. Multivariate Logistic re-
gression analysis was employed to examine the effect of tooth number on hearing
loss, with further stratified analyses conducted by age, sex, activities of daily
living, and denture use status. Results 　 Among the 15,161 participants, the
numbers of older adults with $�$20, 10–19, 1–9, and 0 teeth were 3,655 (24.11%),
2,355 (15.53%), 4,008 (26.44%), and 5,143 (33.92%), respectively. There were
6,148 individuals (40.55%) with hearing impairment. Multivariate Logistic re-
gression results showed that after adjusting for relevant confounding factors,
compared with those having $�$20 teeth, individuals with 10–19, 1–9, and 0
teeth had an increased risk of hearing impairment, with ORs (95% CIs) of 1.31
(1.08–1.58), 1.57 (1.32–1.86), and 1.97 (1.65–2.36), respectively. Stratified anal-
ysis results indicated that the association between tooth number and hearing
impairment was more pronounced among older adults aged $�$80 years and
those not using dentures (P<0.05). Conclusion 　 Tooth loss in older adults
may increase the risk of hearing impairment, with the risk being higher among
the oldest-old and those not using dentures.
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Abstract

Background: Hearing impairment and tooth loss are common conditions
among older adults that seriously endanger their physical and mental health.
However, population-based studies examining the relationship between tooth
loss, denture use, and hearing impairment in the elderly remain limited.

Objective: To explore the association between tooth loss and hearing impair-
ment among Chinese older adults aged 65 years and above.

Methods: In January 2023, we selected 15,161 eligible older adults aged
$�$65 years from the 2018 follow-up data of the Chinese Longitudinal Healthy
Longevity Survey (CLHLS). Using hearing impairment as the outcome variable,
number of natural teeth as the explanatory variable, and sociodemographic,
lifestyle, and health status information as covariates, we conducted multivariate
logistic regression analysis to examine the effect of tooth loss on hearing im-
pairment. Subgroup analyses were further performed by age, gender, activities
of daily living (ADL) abilities, and denture use.
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Results: Among the 15,161 participants, 3,655 (24.11%), 2,355 (15.53%), 4,008
(26.44%), and 5,143 (33.92%) had $�$20, 10-19, 1-9, and 0 teeth, respectively.
A total of 6,148 individuals (40.55%) had hearing impairment. After adjusting
for confounding factors, multivariate logistic regression showed that compared
to those with $�$20 teeth, older adults with 10-19, 1-9, and 0 teeth had higher
risks of hearing impairment, with ORs (95% CIs) of 1.31 (1.08-1.58), 1.57 (1.32-
1.86), and 1.97 (1.65-2.36), respectively. Stratified analysis revealed that the
association between tooth loss and hearing impairment was more pronounced
among adults aged $�$80 years and those not using dentures (P<0.05).

Conclusion: Tooth loss is associated with increased risk of hearing impairment
in Chinese older adults, with higher risks observed among those who are older
and do not use dentures.

Keywords: Hearing loss; Tooth loss; Aged; Denture use; Cross-sectional stud-
ies; Logistic models

Introduction

Hearing impairment is a common sensory dysfunction among older adults. Stud-
ies show that the prevalence of hearing impairment among Chinese adults aged
$�$60 years is approximately 58.9% [1]. Multiple factors, including age, gender,
genetics, and chronic diseases, are risk factors for hearing impairment [2]. Hear-
ing impairment is associated with numerous adverse health outcomes, including
social isolation, frailty, depression, dementia, cognitive decline, and physical
functional decline [3-7]. As China’s population aging accelerates, the propor-
tion of adults aged $�$65 years among all older adults continues to increase
[8-9]. Identifying modifiable risk factors for hearing impairment is therefore
crucial for preventing and delaying its onset and promoting healthy aging.

Tooth loss can be used to evaluate oral health status [10]. Surveys indicate that
the prevalence of tooth loss among Chinese adults aged 65-74 years is as high
as 81.7%, with 36.8% of these individuals not receiving prosthetic treatment
[11]. Tooth loss not only affects chewing function and normal pronunciation
but is also associated with cardiovascular disease and cognitive decline, seriously
endangering the physical and mental health of older adults [12-13].

Currently, research on the relationship between tooth loss and hearing impair-
ment remains limited, and the association between these conditions is unclear
[14-17]. Some studies have found that tooth loss is associated with increased
risk of hearing impairment in middle-aged and older adults [14-16], while others
have found no association [17]. Most existing research has focused on developed
countries, and population-based studies examining the effects of tooth loss on
hearing impairment among Chinese older adults across different age groups and
denture use statuses remain scarce. Using data from the 2018 follow-up sur-
vey of the Chinese Longitudinal Healthy Longevity Survey (CLHLS), this study
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explores the relationship between tooth loss, denture use, and hearing impair-
ment among Chinese adults aged $�$65 years to understand the epidemiological
association between tooth loss and hearing function in older adults.

Methods

Data Source The CLHLS (https://doi.org/10.18170/DVN/WBO7LK) is a
longitudinal survey of older adults conducted by Peking University and the
China Research Center on Aging. The survey covers 23 provinces (autonomous
regions, municipalities) across China, with participants including adults aged
$�$65 years and their adult children aged 35-64 years. Survey content encom-
passes basic information about older adults and their families, socioeconomic
background, family structure, personal health status, and lifestyle factors.

The 2018 CLHLS follow-up data included 15,874 adults aged $�$65 years. The
study was approved by the Peking University Biomedical Ethics Committee
(approval number: IRB00001052-13074), and all participants provided informed
consent. In January 2023, researchers applied for and obtained approval to
use the 2018 CLHLS data through the Peking University Open Research Data
Platform. After excluding 713 individuals aged <65 years, those with missing
information on tooth count or hearing impairment, and those with sudden-onset
hearing impairment, 15,161 participants were included in the final analysis.

Variable Definitions Independent Variable: Oral Status Assessment.
Information on the number of natural teeth was obtained through the question-
naire item “How many natural teeth do you have (excluding dentures)?” This
variable was categorized into four groups: 0, 1-9, 10-19, and $�$20 teeth.

Outcome Variable: Hearing Impairment Assessment. Hearing impair-
ment information was obtained through the questionnaire item “Do you have
hearing difficulties?” Participants were classified into either a normal hearing
group or a hearing impairment group based on their responses.

Covariates: (1) Sociodemographic information including age, gender, ethnic-
ity, living arrangement, residence, marital status, adequate daily income (deter-
mined by the questionnaire item “Is your income sufficient for daily living”),
and education level; (2) Lifestyle factors including smoking, alcohol consump-
tion, exercise, and intake of fruits, vegetables, meat, and nuts; (3) Health status
including activities of daily living (ADL, assessed by six items: bathing, dress-
ing, indoor activities, toileting, eating, and continence; participants who could
independently perform all six activities were classified as having normal ADL,
otherwise as ADL impaired), self-rated health status, hypertension (defined as
systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg,
or self-reported hypertension with current medication use [18]), diabetes (as
the survey did not include blood glucose measurements, participants who self-
reported a diabetes diagnosis and current medication use were classified as hav-
ing diabetes), depression (assessed using the 10-item Center for Epidemiologi-
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cal Studies Depression Scale [CES-D10], with scores $�$10 indicating depressive
symptoms [19]), cognitive impairment (assessed using the Chinese version of the
Mini-Mental State Examination [MMSE], with scores <24 indicating cognitive
impairment [20]), body mass index (BMI, categorized as <18.5, 18.5-23.9, 24.0-
27.9, and $�28.0𝑘𝑔/𝑚^{2}$ [21]), and denture use. All covariate information
was collected through standardized, structured questionnaires [22].

Statistical Analysis Statistical analysis was performed using SAS 9.4 soft-
ware. Categorical data were presented as frequencies and percentages. Chi-
square tests were used to compare differences in basic characteristics between
the normal hearing and hearing impairment groups, as well as differences in
tooth count among older adults with different ages, genders, ADL statuses,
and denture use. Multivariate logistic regression analysis was used to exam-
ine the relationship between tooth count and hearing loss. Three models were
constructed: Model 1 adjusted for age and gender only; Model 2 additionally
adjusted for other sociodemographic and lifestyle factors including ethnicity,
living arrangement, residence, marital status, adequate daily income, education
level, smoking, alcohol consumption, exercise, and intake of fruits, vegetables,
meat, and nuts; Model 3 further adjusted for health status information including
ADL, self-rated health status, hypertension, diabetes, BMI, and denture use.

Stratified analyses were conducted by age, gender, ADL, and denture use. In-
teraction terms were added to Model 3 to test for interactions. Sensitivity
analysis was also performed by further adjusting for depression and cognitive
impairment. Statistical significance was set at P<0.05.

Results

Basic Characteristics Among the 15,161 older adults, 5,149 (33.96%) were
aged 65-79 years and 10,012 (66.04%) were aged $�$80 years; 8,551 (56.40%) were
female and 6,610 (43.60%) were male. A total of 9,013 individuals (59.45%) had
normal hearing, while 6,148 (40.55%) had hearing impairment. There was no
statistically significant difference in residence distribution between the normal
hearing and hearing impairment groups (P>0.05), but significant differences
were observed in other sociodemographic, lifestyle, and health status variables
(P<0.05) .

Comparison of Tooth Count Among Older Adults with Different
Characteristics Significant differences in tooth count were observed among
older adults with different ages, genders, ADL statuses, and denture use
(P<0.05) .

Multivariate Logistic Regression Analysis of Tooth Loss and Hearing
Impairment Using tooth count as the independent variable and hearing im-
pairment status (normal hearing=0, hearing impairment=1) as the dependent
variable, multivariate logistic regression analysis showed that in Model 3, after
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adjusting for confounding factors, older adults with 10-19, 1-9, and 0 teeth had
significantly higher risks of hearing impairment compared to those with $�$20
teeth, with ORs (95% CIs) of 1.31 (1.08-1.58), 1.57 (1.32-1.86), and 1.97 (1.65-
2.36), respectively. After additional adjustment for depression and cognitive
impairment, the associations remained consistent .

Stratified Analysis of Tooth Loss and Hearing Impairment by Char-
acteristics Further subgroup analysis revealed that compared to adults aged
65-79 years, those aged $�$80 years showed stronger associations between tooth
counts of 10-19 [OR (95% CI) = 1.50 (1.17-1.93)], 1-9 [OR (95% CI) = 1.97
(1.58-2.46)], and 0 [OR (95% CI) = 2.47 (1.98-3.09)] and hearing impairment
(P-interaction <0.05). Compared to denture users, non-denture users showed
stronger associations between tooth counts of 10-19 [OR (95% CI) = 1.47 (1.18-
1.83)], 1-9 [OR (95% CI) = 2.02 (1.62-2.49)], and 0 [OR (95% CI) = 2.63
(2.09-3.31)] and hearing impairment (P-interaction <0.05) .

Discussion

This study examined the relationship between tooth loss and hearing
impairment in Chinese older adults. The results showed that among Chi-
nese adults aged $�65𝑦𝑒𝑎𝑟𝑠, ℎ𝑎𝑣𝑖𝑛𝑔0𝑡𝑒𝑒𝑡ℎ(𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑒𝑑𝑒𝑛𝑡𝑢𝑙𝑖𝑠𝑚)𝑎𝑛𝑑ℎ𝑎𝑣𝑖𝑛𝑔1 −
9𝑡𝑒𝑒𝑡ℎ𝑤𝑒𝑟𝑒𝑏𝑜𝑡ℎ𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑𝑤𝑖𝑡ℎ𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑑𝑟𝑖𝑠𝑘𝑜𝑓ℎ𝑒𝑎𝑟𝑖𝑛𝑔𝑖𝑚𝑝𝑎𝑖𝑟𝑚𝑒𝑛𝑡.𝑇 ℎ𝑒𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑜𝑛𝑏𝑒𝑡𝑤𝑒𝑒𝑛𝑡𝑜𝑜𝑡ℎ𝑙𝑜𝑠𝑠𝑎𝑛𝑑ℎ𝑒𝑎𝑟𝑖𝑛𝑔𝑖𝑚𝑝𝑎𝑖𝑟𝑚𝑒𝑛𝑡𝑣𝑎𝑟𝑖𝑒𝑑𝑖𝑛𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ𝑎𝑐𝑟𝑜𝑠𝑠𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑎𝑔𝑒𝑎𝑛𝑑𝑑𝑒𝑛𝑡𝑢𝑟𝑒𝑢𝑠𝑒𝑔𝑟𝑜𝑢𝑝𝑠, 𝑏𝑒𝑖𝑛𝑔𝑚𝑜𝑟𝑒𝑝𝑟𝑜𝑛𝑜𝑢𝑛𝑐𝑒𝑑𝑎𝑚𝑜𝑛𝑔𝑜𝑙𝑑𝑒𝑟𝑎𝑑𝑢𝑙𝑡𝑠(�$80
years) and those not using dentures compared to younger adults (65-79 years)
and denture users. The risk of hearing impairment increased with decreasing
tooth count, with the highest risk observed among those with 0 teeth.

These findings are consistent with previous population-based studies [14-16].
A cross-sectional survey of 1,004 Japanese adults aged 36-84 years found that
individuals with <22 teeth had a higher risk of hearing impairment compared to
those with 28 teeth [OR (95% CI) = 1.96 (1.18-3.30)] [14]. A 20-year prospective
follow-up study of 1,156 U.S. veterans found that compared to those with no
change in tooth status, participants whose tooth count decreased from $�$17
to <17 had a 1.60-fold increased risk of hearing impairment [95% CI (1.24-
2.17)]. Furthermore, after adjusting for baseline and time-varying covariates,
each tooth lost since baseline was associated with a 1.04-fold increased risk of
hearing decline [95% CI (1.02-1.06)] [15]. Similarly, a Belgian cross-sectional
study of 48 adults with a mean age of 64.7 years found that patients with <17
teeth had significantly higher hearing impairment risk compared to those with
$�$17 teeth [16].

Stratified analysis by age and denture use revealed that the effect of tooth loss on
hearing impairment was primarily observed among adults aged $�$80 years and
those not using dentures. In younger adults (65-79 years) and denture users, no
statistically significant association was found between tooth count and hearing
impairment risk. Additionally, stratification by gender showed that the effect
of tooth count on hearing impairment was mainly concentrated in men. These
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findings suggest that denture use may effectively reduce the adverse effects of
tooth loss on hearing impairment.

The potential biological mechanisms underlying the association between tooth
loss and hearing impairment remain unclear, though several hypotheses have
been proposed. Dental deafferentation (DD) is defined as the reduction or
elimination of peripheral afferent nerve signals related to the oral cavity and
masticatory organs. Tooth loss, periodontal disease, or improper prosthetic
treatment may lead to DD, causing reorganization of the brain’s sensory and
motor cortices and affecting multisensory neural centers, ultimately resulting in
or exacerbating neurodegenerative changes. Hearing impairment is a neurode-
generative disease, and DD may impair hearing function through these mech-
anisms, leading to memory and cognitive deficits. Tooth loss and masticatory
dysfunction are modifiable and preventable risk factors; therefore, preserving
more healthy teeth and maintaining good oral health may effectively reduce
DD and decrease the incidence of neurodegenerative diseases [23].

This study has several limitations. First, due to the observational nature of the
study, causal inference between tooth count and hearing impairment cannot be
established. Second, the dental health examination data lacked information on
the cause, timing, and specific location of tooth loss, as well as the effectiveness
and evaluation of prosthetic treatment, preventing further assessment of how
missing tooth location affects outcomes. Third, both tooth count and hearing
impairment were self-reported by participants, and hearing impairment due to
organic diseases such as otitis media could not be excluded, potentially leading
to information bias.

In conclusion, this study demonstrates that tooth loss is associated with in-
creased risk of hearing impairment among Chinese older adults, with this as-
sociation being more pronounced among those aged $�$80 years and those not
using dentures. These findings suggest that maintaining an adequate number
of teeth is important for preserving hearing function in older adults, and that
prosthetic treatment may mitigate the adverse effects of tooth loss (particularly
complete edentulism) on hearing function. Therefore, greater attention should
be paid to oral health in older adults, with regular dental examinations and
treatment, and timely prosthetic restoration for those with tooth loss. Future
prospective cohort studies should further examine the effects of specific tooth
loss locations and types of prosthetic restoration on hearing function.
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