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Abstract

Objectives: Hearing loss is linked to various functional deficits, while its relationships with fat
distribution and sarcopenia remain unclear. This study investigated the association of hearing status with
body composition and muscle-related parameters.

Materials and Methods: This study used data from the ninth Korea National Health and Nutrition
Examination Survey (2022-2023), a nationally representative survey. A total of 3,632 individuals with
complete data on audiometry, tympanometry, body composition, and handgrip strength were included.
Hearing status was classified as normal (< 25 dB), mild (> 25 dB to < 40 dB), or moderate-or-worse (>
40 dB). Sarcopenia was defined as low Appendicular Skeletal Muscle Mass Index (ASMI; < 7.0 kg/m? for
men, < 5.7 kg/m? for women) combined with low handgrip strength (< 28 kg for men, < 18 kg for
women).

Results: Compared with normal hearing, moderate-or-worse hearing loss was associated with lower
ASMI in the lower extremities and lower total ASMI and handgrip strength in both sexes; upper-
extremity ASMI and body-water indices were lower only in men (all p < 0.05). Higher hearing thresholds
were associated with sarcopenia in both sexes (men: p = 0.020; women: p = 0.013), and this association
remained consistent among participants aged 265 years. In the subgroup analysis, women with hearing
thresholds > 55 dB who used hearing aids had higher handgrip strength than non-users (19.95 + 0.76 vs.
17.46 + 0.54 kg; p = 0.0096).

Conclusions: Hearing loss may be associated with muscle-related parameters and sarcopenia.
Considering this association, appropriate evaluation and intervention for sarcopenia may be warranted
in this population.

Keywords: hearing loss; sarcopenia; skeletal muscle mass; handgrip strength; body composition; bioelectrical impedance analysis;
hearing aids

Introduction

Hearing loss is one of the most common sensory
disorders [1], and age-related hearing loss is the most
common form [2], with its prevalence increasing with
advancing age [3]. Consequently, hearing loss is
increasingly recognized as an important public health
issue in aging societies [4]. In Korea, 19.45% of adults
aged > 40 years have hearing impairment, affecting
nearly two-thirds of those in their 70s [5].

Hearing loss compromises communication,
cognitive function, social engagement, and quality of

life [6, 7]. It is also linked to physical impairments,
including gait disturbance and increased fall risk [8-
10], which contribute to loss of independence and
disability in later life. These functional deficits tend to
progress with advancing age [11]. Therefore,
identifying modifiable conditions associated with
hearing loss is necessary to preserve quality of life in
older adults. Given that reduced physical activity
alters body composition [12], hearing loss may also be
linked to obesity or sarcopenia.
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Recent studies have indicated a potential
association between hearing loss and obesity [13-15].
Furthermore, previous studies have reported
associations between lower appendicular muscle
mass, reduced handgrip strength, and hearing
impairment [16-18].

However, most of the prior studies have focused
on DXA-derived muscle mass indices (e.g.,
appendicular skeletal muscle mass), with limited
investigation of muscle quality, fat infiltration, or
comprehensive segmental body composition [16, 17].
Furthermore, the relationship between hearing
rehabilitation and muscle mass or muscle strength has
not been adequately characterized.

Building on this background, the present study
uses a large, nationally representative database to
investigate how bioelectrical impedance analysis
(BIA)-derived segmental body composition and
muscle strength differ according to the severity of
hearing loss and hearing aid use.

Materials and Methods
Study database

This cross-sectional study used data from the
ninth Korea National Health and Nutrition
Examination Survey (KNHANES) collected during
2022-2023, a nationally representative survey of the
noninstitutionalized Korean population conducted by
the Korea Disease Control and Prevention Agency
(KDCA) using a multistage, stratified, cluster
sampling design. KNHANES was first initiated in 1998
and has been conducted annually since 2007 to assess
the health and nutritional status of the Korean
population, with audiologic assessments included in
selected survey cycles. In the ninth KNHANES, the

sampling design incorporated stratification by
administrative district and housing type, with
additional stratification according to sex, age,
residential floor area ratio, and demographic
characteristics of the household head. The survey was
conducted after receiving approval from the
Institutional Review Board of the KDCA (IRB Nos.
2018-01-03-4C-A and 2022-11-16-R-A). This study was
conducted with a waiver of informed consent
approved by the Institutional Review Board of
Hanyang University Hospital (IRB No. 2026-01-010).

Study population

Among a total of 5874 adults who were
candidates for pure-tone audiometry, BIA, and
handgrip strength testing, 1,814 individuals with
missing information on household income,
hypertension, diabetes, anthropometric
measurements, BIA parameters, grip strength,
air-conduction hearing thresholds, or tympanic
membrane status were excluded, leaving 4,060
participants with complete data. Of these, 428
participants with abnormal tympanic membranes on
otologic examination were further excluded.
Consequently, the final analytic sample consisted of
3,632 individuals, representing 19,812,129 individuals
in South Korea, with normal tympanic membranes
(type A tympanogram). For each participant, the ear-
specific pure-tone average (PTA) was calculated as the
arithmetic mean of air-conduction thresholds at 0.5, 1,
2, and 4 kHz. The lower of the right- and left-ear PTA
values was used as the better-ear PTA. The final
analytic sample was categorized as having normal
hearing (< 25 dB), mild hearing loss (> 25 to < 40 dB),
or moderate-or-worse hearing loss (> 40 dB) according
to the better-ear PTA (Figure 1).
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grip strength measurement, and
AC hearing test
N=5.874

Individuals with complete data
N =4,060

l

Individuals with normal TM

Individuals without information
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membrane status
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Figure 1. Flow chart of participant selection according to eligibility criteria and hearing status categories. N, number; BIA, bioelectrical impedance analysis; AC,

air conduction; TM, tympanic membrane; HL, hearing loss.
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Otologic evaluation

In the ninth KNHANES, otologic examinations
were performed by four trained nurses affiliated with
the Korean Society of Otorhinolaryngology-Head and
Neck  Surgery under  otorhinolaryngologist
supervision. Tympanic membrane and middle ear
status were assessed using tympanometry with a Titan
IMP440 screener (Interacoustics, Assens, Denmark),
and hearing thresholds were measured with an AD629
audiometer (Interacoustics, Assens, Denmark) in a
double-walled soundproof booth. All devices
underwent regular and unscheduled maintenance by
manufacturer-certified managers. Air-conduction
pure-tone audiometry was conducted at 0.5, 1, 2, 4,
and 8 kHz. Participants with missing or scale-out
audiometric values were excluded, and only
individuals with type A tympanograms were included
in the analysis.

Hearing-aid usage

The association between hearing aid use and
muscle mass or grip strength was evaluated in patients
with hearing thresholds > 40 dB, which were regarded
as disabling hearing loss. To account for severity-
dependent differences in hearing-aid use [19],
participants were stratified into moderate and
moderately severe or worse groups using a 55-dB
cutoff. One male participant with a cochlear implant,
classified in the moderate hearing-loss subgroup
(better-ear PTA > 40 to < 55 dB), was excluded only
from the hearing-aid-use analysis because cochlear
implantation represents a different form of auditory
rehabilitation. This participant was retained in the
primary analyses according to hearing status.

Bioelectric impedance and grip strength

BIA was conducted by four trained nurses,
clinical laboratory technologists, and radiologic
technologists. All examiners received standardized
training twice annually and underwent two on-site
quality inspections each year. Equipment calibration
was performed once annually and additionally on a
weekly basis during examination periods. Body
composition was assessed using the InBody 970 device
(Biospace, Seoul, Korea). Each body composition
index was calculated by dividing the respective
component's weight (kg) by the square of the height
(m?). The same examiners also evaluated handgrip
strength using a digital dynamometer (Takei Digital
Grip Strength Dynamometer, Model T.K.K.5401;
Takei, Niigata, Japan). Handgrip strength was
measured twice for each hand, with a 60-second rest
interval between trials. Examiners received both
theoretical and practical training twice annually, with

additional assessments conducted as needed. The
dynamometers were calibrated biannually by the
quality control team of the supervising research
organization, and daily equipment checks were
performed on examination days.

Definition of sarcopenia

According to the Asian Working Group for
Sarcopenia (AWGS) 2019 criteria [20], sarcopenia was
defined as the combination of low appendicular
skeletal muscle mass index (ASMI < 7.0 kg/m? for men
and < 5.7 kg/m? for women, respectively) and low
muscle strength (handgrip strength < 28 kg for men
and < 18 kg for women, respectively).

Statistical analysis

To represent the general population of South
Korea, sampling weights for the health interview and
examination surveys were applied based on a complex
survey design. Because BIA and grip strength
measurements were performed only in individuals
aged 65 years or older in 2023 due to time and cost
constraints, half of the sampling weights for
individuals aged 65 years or older were applied for the
combined 2022 and 2023 data to represent one year of
the general population. Continuous variables were
analyzed using general linear models based on the
complex survey design, while categorical variables
were analyzed using cross-tabulation. Pairwise post-
hoc comparisons were performed using the same
complex-survey  design and sampling-weight
specification as the corresponding model. All pairwise
contrasts were two-sided and Bonferroni-adjusted
within each sex-specific outcome across the three
hearing-loss-category comparisons.

All multivariable analyses were conducted
separately for men and women and incorporated the
complex survey design and sampling weights.
Multivariable general linear models were used to
estimate adjusted mean body-composition indices and
handgrip strength according to hearing-loss category.
Models were adjusted for age, household-income
quintile, hypertension, and diabetes mellitus.
Collinearity between age and PTA was assessed using
correlation coefficients and variance inflation factors
(VIF). Age and household-income quintile were
entered as continuous variables, per 1-year and per 1-
quintile increase, respectively, whereas hypertension
and diabetes mellitus were entered as binary variables.
Adjusted means were derived as estimated marginal
means from the fitted models, with continuous
covariates evaluated at their sex-specific means.

Multivariable binary logistic-regression analyses
were used to estimate adjusted odds ratios for
sarcopenia. In the primary model, better-ear pure-tone
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average (PTA) was entered as a continuous variable
per 1-dB increase. To evaluate the association
according to hearing-loss severity, an additional
model included hearing status categorically, with
normal hearing as the reference group. The same
covariates were included in both logistic-regression
models.

As a sensitivity analysis, the multivariable
analyses of handgrip strength and sarcopenia were
repeated among participants aged =65 years. All tests
were two-sided, and p values < 0.05 were considered
statistically =~ significant. Statistical values were
presented as means * standard errors. All statistical
analyses were conducted using IBM SPSS Statistics,
version 25.0 (IBM Corp., Armonk, NY, USA).

Results

Demographics and underlying diseases

When participants were stratified by hearing
status (normal hearing, mild hearing loss, and
moderate-or-worse hearing loss), groups with worse
hearing were markedly older (p < 0.001) and had a
higher proportion of men (p < 0.001). Household
income quintile decreased with worsening hearing (p
< 0.001). Furthermore, the prevalence of hypertension
and diabetes mellitus was significantly higher in both
the mild and moderate-or-worse hearing loss groups
than in the normal hearing group (both p < 0.001).
Table 1 summarizes the demographic characteristics
and comorbid conditions of the study population
according to hearing status.

Table 1. Demographic factors and underlying diseases of the
normal hearing, mild hearing loss, and moderate hearing loss
groups.

Variable Group p-value
Normal Mild hearing Moderate or
hearing (N=  loss (N = worse hearing
2455/*N= 795/*N = loss (N =
15758425) 2889723) 382/*N =
1163981)
Age (years) 54.29+0.36 67.02+0.55 72.16%0.80 <0.001=
Sex
Male (%) 46.70% 54.05% 61.64% <0.001°
Female (%) 53.30% 45.95% 38.36%
Household income  3.52+0.05 2.77+0.08 2.33+0.10 <0.0012
(quintile)
5th 29.36% 15.55% 7.35% <0.001°
4th 25.51% 20.23% 14.69%
3rd 21.24% 16.97% 16.88%
2nd 15.28% 20.64% 25.91%
st 8.61% 26.60% 35.17%
Hypertension (%)  24.62% 50.80% 53.53% <0.001°

Variable Group p-value
Normal Mild hearing Moderate or
hearing (N=  loss (N = worse hearing
2455/*N= 795/*N = loss (N =
15758425) 2889723) 382/*N =
1163981)
Diabetes mellitus 9.83% 24.68% 20.03% <0.001*

(%)

3, statistical results from complex sample general linear analysis
b, statistical results from complex sample cross-sectional analysis
Bold values indicate significant differences defined as P < 0.05.
N, number.

Anthropometric measurements

In the weighted population of 9,638,731 male
participants, anthropometric parameters showed
differences  according to  hearing  status.
Normal-hearing participants exhibited the highest
mean weight, height, and body mass index (BMI)
whereas those with moderate-or-worse hearing loss
demonstrated significantly lower values (all p < 0.001).

Among the weighted population of 10,173,398
female participants, weight (p < 0.001), height (p <
0.001), BMI (p = 0.003) and waist circumference (WC, p
< 0.001) differed across hearing status (Table 2).

After adjusting for age, household income,
hypertension, and diabetes, weight, height, BMI, and
WC were not different according to the severity of
hearing loss in men (weight, p = 0.643; height, p = 0.544;
BMI, p = 0.759; WC, p = 0.496), while women showed
differences in weight and height (weight, p = 0.026;
height, p = 0.005; BMLI, p = 0.365; WC, p = 0.415). In the
post hoc analysis among women, the normal hearing
group and mild hearing loss group showed higher
weight (normal hearing group: 58.76 + 0.29 kg; mild
hearing loss group: 58.94 £ 0.60 kg) and height (normal
hearing: 157.67 + 0.17 cm; mild hearing loss: 157.17
0.34 cm) than the moderate-or-worse hearing loss
group (weight: 56.68 + 0.79 kg, p = 0.012 for normal
hearing group, p = 0.011 for mild hearing loss group;
height: 155.73 £ 0.58 cm, p = 0.001 for normal hearing,
p = 0.016 for mild hearing loss group).

Body composition
Male

In men, unadjusted ASMI and body-water
indices differed across hearing-loss categories (all p <
0.001; Table 2). In contrast, upper-extremity, central,
lower-extremity, and total fat mass indices did not
differ significantly across hearing-loss categories. The
VIF between age and PTA was 1.678, indicating
acceptable collinearity.
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Table 2. Anthropometric measurements and body composition of males and females according to their hearing status.
Variable Male group p-value Female group p-value
Normal hearing  Mild HL (N=  Mod or worse HL Normal hearing Mild HL(N=  Mod or worse HL
(N = 937/*N= 391/*N = (N =239/*N = (N=1518/*N=  404/*N = (N =143/*N =
7359194) 1562030) 717507) 8399231) 1327693) 446474)
Anthropometrics
Weight (kg) 74.00£0.50 69.92+1.06 66.05+0.88 <0.001  59.02+0.31 57.92+0.54 54.83+0.74 <0.001
Height (cm) 171.49+0.25 168.68+0.52 166.44+0.59 <0.001  158.35+0.21 154.26+0.32 151.49+0.66 <0.001
BMI (kg/m?2) 25.11+0.14 24.50+0.30 23.78 £0.21 <0.001  23.54+0.12 24.33+0.21 23.87+0.29 0.003
Waist circumference (cm) 89.30£0.36 89.79£0.77 88.65+0.67 0.502 80.27+0.36 84.49+0.61 84.00£0.87 <0.001
ASMI (kg/m?)
Upper extremity 2.16+0.01 2.07+0.03 1.94+0.02 <0.001  1.55+0.01 1.57+0.02 1.54+0.02 0.479
Lower extremity 5.82+0.02 5.5540.1 5.35+0.04 <0.001  4.69+0.02 4.48+0.03 4.31£0.05 <0.001
Total extremity 7.98+0.03 7.62+0.07 7.29+0.06 <0.001  6.24+0.02 6.05+£0.04 5.85+0.06 <0.001
Fat mass index (kg/m?)
Upper extremity 0.77+0.01 0.80+0.03 0.81+0.02 0.408 1.130.02 1.27+0.03 1.200.04 <0.001
Central 3.3740.05 3.3620.09 3.3240.07 0.875 3.99+0.05 4.40+0.08 4.25+0.11 <0.001
Lower extremity 1.80+£0.02 1.80+0.04 1.84+0.03 0.524 2.35+0.02 2.50+0.04 2.43+0.05 0.001
Total 6.35+0.08 6.37+0.16 6.38+0.12 0.981 7.91+0.09 8.620.15 8.33+0.20 <0.001
Body water index (kg/m?2)
Intracellular 8.58+0.04 8.24+0.08 7.86+0.06 <0.001  7.07+0.02 7.04£0.04 6.94+0.06 0.132
Extracellular 5.21+0.02 5.12+0.04 4.97+0.03 <0.001  4.41+0.01 4.50+0.03 4.49+0.04 0.001
Total 13.79+0.06 13.36+0.12 12.83+0.09 <0.001  11.48+0.04 11.54+0.07 11.43+0.10 0.666
Hand grip strength (kg) 42.17+0.33 37.44+0.56 34.10£0.67 <0.001  25.18+0.17 22.55+0.26 19.93+0.49 <0.001

Statistical results in this table were obtained using a complex samples general linear model.
N, number; HL, hearing loss; ASMI, appendicular skeletal muscle mass index; *, weighted sample size based on a complex survey design.

After multivariable adjustment for age,
household income, hypertension, and diabetes
mellitus, differences in body-composition measures
were observed primarily in the moderate-or-worse
hearing-loss group. Differences between the normal-
hearing and mild hearing-loss groups were not
consistently observed (Figures 2A and 2B).
Specifically, the moderate-or-worse hearing loss
group exhibited significantly lower upper extremity
ASMI (2.06 + 0.03 kg/m?), intracellular water index
(8.28 £ 0.07 kg/m?), and total body water index (13.38
£ 0.10 kg/m?) than both the normal-hearing (upper
extremity ASMI: 213 + 0.01 kg/m? p = 0.015;
intracellular water index: 8.49 £ 0.04, p = 0.006; total
body water index: 13.67 £ 0.05 kg/m?, p = 0.016) and
mild hearing loss groups (upper extremity ASMI: 2.13
+0.04 kg/m?, p = 0.013; intracellular water index: 8.49
+0.04 kg/m?, p = 0.019; total body water index: 13.67 +
0.15, p = 0.028). In addition, the moderate-or-worse
hearing loss group also showed reduced lower
extremity ASMI and total ASMI (lower extremity
ASMI: 5.63 + 0.04 kg/m? total ASMI: 7.69 = 0.06
kg/m?) compared with the normal hearing group
(lower extremity ASMI: 5.76 + 0.02 kg/m?, p = 0.011;
total ASMI: 7.89 + 0.03 kg/m?, p = 0.006) (Figures 2A
and 2B).

Female

In women, lower-extremity ASMI, total ASMI,
upper-extremity fat mass index, central fat index, and
total fat mass index differed across hearing-loss

categories in the unadjusted analysis (all p < 0.001).
Lower-extremity fat mass index and extracellular
body-water index also differed across groups (both p
= 0.001) (Table 2). The VIF between age and PTA was
1.765, indicating acceptable collinearity.

In the multivariable analysis adjusting for age,
household income, hypertension, and diabetes, lower
extremity and total ASMI were significantly lower in
the moderate-or-worse hearing loss group (4.52 + 0.04
kg/m? and 6.03 + 0.07 kg/m?, respectively) than in the
normal hearing group (4.66 £ 0.02 kg/m?, p = 0.002 and
6.22 £ 0.02 kg/m?, p = 0.006, respectively). Differences
between the normal-hearing and mild hearing-loss
groups were not consistently observed (Figures 3A
and 3B).

Grip strength

Handgrip strength differed across hearing-loss
categories in both men and women (both p < 0.001;
Table 2). After multivariable adjustment for age,
household-income  quintile, hypertension, and
diabetes mellitus, handgrip strength was lower in the
moderate-or-worse hearing-loss group (39.03 + 0.66
kg) than in the normal-hearing group among men
(41.04 £ 0.29 kg, p = 0.004) and mild hearing loss group
(40.51 +0.50 kg, p = 0.033) (Figure 2C). Among women,
handgrip strength was lower in the moderate-or-
worse hearing-loss group (22.45 + 0.48 kg) than in both
the normal-hearing group (24.78 £ 0.14 kg, p < 0.001)
and the mild hearing-loss group (24.28 + 0.26 kg, p =
0.001) (Figure 3C).

https://www.medsci.org



Int. J. Med. Sci. 2026, Vol. 23 3579
A *k
oA | X | Normal
8 ol hearing
* B3 Mild HL
Moderate or
worse HL
B C
*
*k
* 50 )
15+ — — o | | Normal hearing
als - Mﬁ;m:L eanng B 40- =3 Mild HL
W% : < 3 Moderate or worse HL
10 I_l =3 Moderate or worse HL B 30
NE q:,
5 7 20
X
5- 2
G 10-
0
0- T T T () NG
&
> & & & &
v & & N O
& & 6‘&\ P
<9 ) Q R @°
© X
b?/
&

Figure 2. Multivariable-adjusted body-composition indices and handgrip strength according to hearing-loss category in men. Segmental muscle, fat, and body-
water indices (A), total indices (B), and handgrip strength (C) are shown. Models were adjusted for age, household income, hypertension, and diabetes mellitus. Bars represent
estimated marginal means, and error bars represent standard errors; asterisks indicate statistically significant between-group differences (* p < 0.05; ** p < 0.01). UE, upper
extremity; LE, lower extremity; ASMI, appendicular skeletal muscle mass index; ICWV, intracellular water; ECW, extracellular water; TBW, total body water; HL, hearing loss.

Sarcopenia

Overall, weighted population of 535,569
individuals (weighted prevalence, 2.70 %) met the
AWGS 2019 criteria for sarcopenia. Of these, 182,248
were males and 353,321 were females. In males,
sarcopenia was identified in 0.4% (n = 28,319) with
normal hearing, 4.2% with mild hearing loss (n =
65,708), and 12.3% (n = 88,221) with moderate-or-
worse hearing loss, significantly different among the
groups (p < 0.001). Among females, sarcopenia was
identified in 2.2% (n = 185,077) of those with normal
hearing, 6.8% (n = 90,236) of those with mild hearing
loss, and 17.5% (n = 78,007) of those with moderate-or-
worse hearing loss, showing an increasing trend with
increasing hearing loss severity (p < 0.001).

In sex-stratified multivariable logistic-regression
analyses, higher hearing thresholds were associated
with higher odds of sarcopenia in men (OR 1.044, 95%
CI 1.007-1.082; p = 0.020) and women (OR 1.024, 95%
CI 1.005-1.043; p = 0.013) after adjustment for age,
household income, hypertension, and diabetes

mellitus (Table 3).

Table 3. Binary logistic regression analysis for sarcopenia

Gender Variables OR 95% CI p-value

Male  Age (years) 1.109 1.020, 1.206 0.015

Household income 0.834 0.642,1.083 0.173
(quintile)
Hypertension 0.675 0.395,1.152 0.149
Diabetes 2.038 1.067, 3.895 0.031
Hearing thresholds 1.044 1.007, 1.082 0.020
(dB)

Female Age (years) 1.077 1.031,1.126 0.001

Household income 0.850 0.686, 1.053 0.136
(quintile)
Hypertension 1.153 0.734,1.810 0.535
Diabetes 1.066 0.632,1.798 0.809
Hearing thresholds 1.024 1.005, 1.043 0.013
(dB)

The logistic-regression analyses included 1,567 (representing 9,638,731 males) men,
of whom 71 (representing 182,248 males) met the AWGS criteria for sarcopenia,
and 2,065 women (representing 10,173,398 females), of whom 115 (representing
353,321females) met the AWGS criteria for sarcopenia.

Statistical results in this table were obtained using a complex samples logistic
regression model.

OR, odds ratio; CI, confidence interval.

Statistically significant results were described in bold.
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Figure 3. Multivariable-adjusted body-composition indices and handgrip strength according to hearing-loss category in women. Segmental muscle, fat, and
body-water indices (A), total indices (B), and handgrip strength (C) are shown. Models were adjusted for age, household income, hypertension, and diabetes mellitus. Bars
represent estimated marginal means, and error bars represent standard errors; asterisks indicate statistically significant between-group differences (* p < 0.05; ** p < 0.01; ***
p < 0.001). UE, upper extremity; LE, lower extremity; ASMI, appendicular skeletal muscle mass index; ICW, intracellular water; ECW, extracellular water; TBW, total body

water; HL, hearing loss.

Sensitivity analyses

In the sensitivity analysis restricted to
participants aged > 65 years, men in the moderate-or-
worse hearing-loss group and mild hearing-loss
groups had lower adjusted handgrip strength
(moderate-or-worse hearing-loss: 34.21 + 0.52 kg; mild
hearing-loss: 34.43 £ 0.40 kg) than those in the normal-
hearing (3549 = 0.35 kg, p = 0.048 compared to
moderate-or-worse hearing-loss; p = 0.042 compared
to mild hearing-loss) (Figure 4A). In women, adjusted
handgrip strength was lower in the moderate-or-
worse hearing-loss group (20.64 + 0.48 kg) than normal
hearing group (22.32 £ 0.18 kg, p < 0.001). Moderate-
or-worse hearing-loss group also showed lower
handgrip strength compared to mild hearing loss
group (21.99 + 0.24 kg, p = 0.012) (Figure 4C).

In the multivariable logistic analysis, higher
hearing thresholds were significantly associated with
higher odds of sarcopenia in men (aOR 1.025, 95% CI
1.007-1.044; p = 0.008) and women (aOR 1.028, 95% CI
1.009-1.047; p = 0.004).

When hearing status was modeled categorically,
the adjusted odds ratios for sarcopenia are presented
separately for men (Figure 4B) and women (Figure

4D). Compared with normal hearing, moderate-or-
worse hearing loss was associated with higher odds of
sarcopenia in men (aOR 3.018, 95% CI 1.342-6.791; p =
0.008) and women (aOR 2.005, 95% CI 1.050-3.829; p =
0.035). Mild hearing loss was not significantly
associated with sarcopenia in either sex.

Muscle-related parameters by hearing-aid use

Additional subgroup comparisons of muscle-
related parameters according to hearing-aid use were
performed within sex-specific hearing-threshold
strata. For the hearing-aid-use analysis, one male
participant with a cochlear implant and moderate
hearing loss (better-ear PTA > 40 to < 55 dB) was
excluded. Therefore, the analysis included 177 men
(weighted n = 543,710) and 115 women (weighted n =
369,520) with moderate hearing loss. For moderately
severe or worse hearing loss (PTA > 55 dB), the
corresponding numbers were 61 men (weighted n =
173,558) and 28 women (weighted n = 76,954).

Among women with PTA > 55 dB, hearing-aid
users showed a higher unadjusted mean handgrip
strength than non-users (19.95 + 0.76 vs. 17.46 + 0.54
kg; p = 0.0096). Within this subgroup, hearing-aid
users and non-users did not differ significantly in
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mean age (p = 0.955), household income quintile (p =
0.059), hypertension (p = 0.113), diabetes (p = 0.604), or
mean PTA (p = 0.805). As these covariates showed no
significant imbalance between groups, the unadjusted
estimate was retained without further covariate
adjustment.

In contrast, handgrip strength did not differ
according to hearing-aid use among women with PTA
> 40 to < 55 dB or among men in either hearing-
threshold stratum (Figure 5). No muscle-composition
index differed according to hearing-aid use in either
sex.

Discussion

In this nationally representative cross-sectional
sample, moderate-or-worse hearing loss was
associated with lower values for selected ASMI
measures and handgrip strength after multivariable
adjustment, and higher hearing thresholds were
associated with greater odds of sarcopenia in both
sexes. By characterizing segmental body composition
using BIA and examining hearing-aid use alongside
standard anthropometry, the present study extends
prior research beyond global muscle mass alone.

In the adjusted analyses, several muscle-related

a
50 * 5
- B3 Normal hearing
D 401 | |—|| =3 Mild HL
= 3 Moderate or worse HL
% 30
<
[
2 204
o
& 104
0_
O {
é& .\b% 0‘2’
¢ & &
N &
v
& &
Y 3
@'
&
c
50 )
B Normal hearing
3 a0+ =3 Mild HL
= KKk
= B Moderate or worse HL
5 30+ *
8 r—
< 204
[
2
& 104

indices were lower predominantly in participants with
moderate-or-worse  hearing loss. Additionally,
intracellular and total body-water indices were lower
in the moderate-or-worse hearing-loss group,
consistent with their relation to muscle mass [21].
Several pathways might account for these associations.
Hearing loss has been associated with communication
difficulties, social isolation, and depressive symptoms
[22], which may contribute to lower physical activity
[23]. Although physical activity was not directly
evaluated in the present study, these mechanisms may
contribute to the development of sarcopenia.

The observed associations may also reflect shared
age-related causes. Shared factors related to
cardiometabolic disease, microvascular dysfunction,
mitochondrial dysfunction, chronic inflammation, and
oxidative stress may contribute to concurrent
vulnerability of the auditory and musculoskeletal
systems [9, 24, 25]. Another hypothesis is a shared
underlying early-life etiology of hearing loss and
sarcopenia. Specifically, early-life undernutrition and
adverse developmental environments may also
predispose individuals to concurrent vulnerability in
both systems in later life [25, 26]. To clarify the
relationship between hearing loss and sarcopenia,
further prospective studies are warranted.

b Adjusted odds ratios for sarcopenia
according to severity of hearing loss

W Statistically significant
Mod or worse HL vs normal ——

Mod or worse HL vs mild HL HE—

Mild HL vs normal —a—

d Adjusted odds ratios for sarcopenia
according to severity of hearing loss

B Statistically significant
Mod or worse HL vs normal

Mod or worse HL vs mild HL

Mild HL vs normal

Figure 4. Sensitivity analyses of handgrip strength and sarcopenia according to hearing-loss severity among participants aged > 65 years. (A) Multivariable-
adjusted handgrip strength and (B) categorical adjusted odds ratios for sarcopenia according to hearing-loss category in men. (C, D) Corresponding analyses in women. Bars
represent estimated marginal means, and error bars represent standard errors; asterisks indicate statistically significant differences (* p < 0.05; ** p < 0.01; *** p < 0.001).
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Figure 5. Sex-stratified muscle indices and grip strength according to hearing level (55-dB cutoff) and hearing aid use. Segmental and total ASMI and grip
strength are shown for men (A, B) and women (C, D). Bars represent unadjusted means * standard errors. Asterisks indicate unadjusted between-group differences (** p <
0.01). HA, hearing aid; UE, upper extremity; LE, lower extremity; ASMI, appendicular skeletal muscle mass index.

Lower muscle mass can impair gait and balance,
increase fall risk, and reduce functional independence
in older adults [27]. Its decline has been linked to
frailty, disability and mortality [28, 29]. Beyond muscle
mass, poorer hearing was associated with lower
handgrip strength. Handgrip strength, a key
component of sarcopenia definitions [20], reflects
motor unit integrity, neural drive, and overall physical
performance [30, 31]. Therefore, reduced handgrip
strength in patients with hearing loss may indicate
impaired muscle functional quality and reduced
physical performance. This finding is consistent with
prior reports of associations between hearing
impairment and poorer physical function [18, 32].
Accordingly, to assess physical function in patients
with hearing loss, evaluation of both muscle mass and
handgrip strength could be useful. Furthermore,
consideration of potential functional impairment in
patients with hearing loss may be necessary in clinical
practice.

Hearing-aid use has been associated with higher
physical activity and reduced sedentary time among
older adults with hearing loss [8, 32]. In our subgroup
analysis, women with PTA > 55 dB who used hearing
aids showed higher handgrip strength than non-users.
Previous research has suggested that patients with
more severe hearing loss may report greater subjective
benefit from hearing aids than those with milder

hearing loss [33]. In addition, hearing-aid use has been
associated with greater improvements in quality of life
and out-of-home activity among women in some
studies [34, 35]. Furthermore, a previous study
reported that women with severe-to-profound hearing
impairment showed higher adherence to audiological
rehabilitation [36]. These reports provide context for
the observed subgroup difference. However, because
the present finding arose from a small cross-sectional
subgroup, it may also reflect differences in
socioeconomic circumstances, health-seeking
behavior, or baseline physical function. Prospective
studies are needed to clarify this relationship.

This study has several limitations. First, the cross-
sectional design precludes determination of the
temporal direction of the observed associations
between hearing loss and muscle-related parameters.
Second, given the substantial age differences across
hearing-loss categories, residual confounding by age
and other age-related factors, such as frailty,
nutritional status, and overall health status, cannot be
excluded despite multivariable adjustment. Consistent
with this concern, the per-1-dB adjusted odds ratio for
sarcopenia in men attenuated from 1.044 in the full
sample to 1.025 in the sensitivity analysis restricted to
participants aged =65 years. Therefore, the findings
should be interpreted cautiously, considering possible
residual confounding by age. Third, analyses of
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hearing-aid use involved small subgroups, limiting
statistical power and adjustment for potential
confounders. Fourth, the lack of physical-performance
data, such as gait speed or the Short Physical
Performance Battery, prevented assessment of
sarcopenia severity according to the AWGS 2019
criteria [20]. In addition, data on physical activity also
could not be used due to the substantial number of
participants that would be excluded because of
missing data. Fifth, participants without analyzable
air-conduction threshold data were excluded. Because
the available data did not distinguish scale-out
thresholds from noncompletion, refusal, or other
reasons for missing audiometric data, we could not
determine how many participants were excluded
specifically because of scale-out thresholds. This may
have limited the generalizability of our findings to
individuals with profound hearing loss.

Despite these limitations, this study consistently
revealed an association between hearing loss and
sarcopenia. The nationally representative dataset and
standardized audiologic and body-composition
measurements are also strengths of this study.
Prospective studies with prespecified assessment of
muscle-related parameters, physical activity, and
comprehensive physical-performance measures are
needed to clarify temporal relationships and to
examine whether hearing rehabilitation is associated
with subsequent changes in physical function.

Conclusion

Hearing loss was significantly associated with
lower ASM], reduced handgrip strength, and a higher
prevalence of sarcopenia. In addition, among women
with advanced hearing loss, hearing aid use was
related to higher grip strength, suggesting a potential
role of hearing rehabilitation in preserving muscle
function. These findings support hearing loss as an
important correlate of sarcopenia and underscore the
need to consider both hearing rehabilitation and
muscle-strengthening interventions in the
comprehensive care of individuals with hearing loss.
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