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Abstract 

Background: Given the association between metabolic disturbance and sarcopenia, sarcopenia 
may be intrinsically associated with the prevalence of HL. However, few studies describe the 
association between sarcopenia and HL. The aim of this study was to evaluate the clinical 
association between sarcopenia and HL in postmenopausal Korean women. 
Patients and Methods: A total of 4,038 women were ultimately included in this study. All 
participants were postmenopausal. Participants were divided into two groups based on criteria 
from the Foundation for the National Institute of Health Sarcopenia Project: a normal group 
(sarcopenia index ≥ 0.512) and a sarcopenia group (sarcopenia index < 0.512). Low-frequency 
(Low-Freq), mid-frequency (Mid-Freq), and high-frequency (High-Freq) values were obtained. The 
average hearing threshold (AHT) was calculated as the pure tone average at the 4 frequencies of 
0.5 kHz, 1 kHz, 2 kHz, and 3 kHz. Mild HL was as an AHT of 24 to 40 dB; moderate-to-profound 
HL was defined as an AHT of 40 dB or greater.  
Results: Of the 4,038 participants, 272 (6.7%) were allocated to the sarcopenia group, leaving 
3,766 (93.3%) in the normal group. The groups differed significantly in terms of having 
hypertension (775 [20.6%] vs. 108 [39.7%]; P < 0.001) or metabolic syndrome (817 [21.7%] vs. 110 
[40.4%]; P < 0.001) in the normal and sarcopenia groups, respectively. Visceral fat area (cm3) in the 
normal and sarcopenia groups was 99.0 ± 21.9 cm3 and 117.0 ± 21.8 cm3 , respectively (P < 0.001). 
The hsCRP level was higher in the sarcopenia group than in the normal group. For univariate and 
multivariate analyses, all 4 hearing thresholds were higher in the sarcopenia group than in the 
normal group. In addition, linear regression analyses showed Low-Freq, Mid-Freq, and High-Freq 
to be inversely correlated with the sarcopenia index. The unadjusted OR for mild HL was 2.692 
(95% CI, 1.963–3.692; P < 0.001) in the sarcopenia group relative to the normal group, with an 
adjusted OR of 1.584 (95% CI, 1.131–2.217; P = 0.007). The unadjusted OR for 
moderate-to-profound HL in the sarcopenia group relative to the normal group was 6.246 (95% 
CI, 4.530–8.612; P < 0.001); the adjusted OR was 2.667 (95% CI, 1.866–3.812; P < 0.001). 
Conclusion: Sarcopenia may be associated with HL. It may be beneficial to perform screening 
audiometry in patients with sarcopenia. 
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Background 
Sarcopenia, defined as decreased muscle mass, 

strength, and function, is a common pathologic or 
physiologic phenomenon in older people [1]. It can 

result in increased disability, hospitalization, 
comorbidity, and mortality. Initially, sarcopenia was 
defined as the loss of muscle mass associated with 
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aging, but recent studies have shown an association 
between sarcopenia and various diseases [2-5]. 
Several factors, such as malnutrition, hormonal 
imbalance, and low vitamin D levels, are associated 
with the development of sarcopenia. In addition, 
recent studies have shown sarcopenia to be associated 
with metabolic disturbances such as atherosclerosis, 
insulin resistance, and dyslipidemia [6-8].  

Hearing loss (HL) has a prevalence of 
approximately 4.9-17.0%, making it a common public 
health problem. It is associated with decreased 
communication and decreased quality of life [9-11]. 
Aging, genetic factors, and use of ototoxic 
medications are well-known risk factors for HL. 
Recently, studies have also investigated the 
association between various metabolic disturbances 
and HL [12-15]. Metabolic disturbances are strongly 
related to cardiovascular disorders which are, in turn, 
associated with decreased blood supply to both 
cochlea and auditory nerve; this may result in the 
development of HL [16].  

Given the association between metabolic 
disturbance and sarcopenia, sarcopenia may be 
intrinsically associated with the prevalence of HL. 
However, few studies describe the association 
between sarcopenia and HL. The aim of this study 
was to evaluate the clinical association between 
sarcopenia and HL in postmenopausal Korean 
women. 

Patients and Methods 
Study population 

Data was collected from the medical records of 
10,212 women who underwent voluntary routine 
health examinations at Yeungnam University 
Hospital between June 2008 and April 2014 (Figure 1). 
If patients underwent multiple examinations, data 
from the initial visit were used. Participants were 
excluded if aged younger than 50 (n = 4,842) or older 
than 80 years (n = 89), or if no data could be provided 
for sarcopenia or hearing thresholds (n = 1,243). A 
total of 4,038 women were ultimately included in this 
study. All participants were postmenopausal. Ethical 
approval for this study was obtained from the 
institutional review board of Yeungnam University 
Hospital. The board waived the need for informed 
consent, as the subjects’ records and information were 
anonymized and de-identified prior to analysis. 

Study variables 
Clinical and laboratory data collected during 

clinical examination included the following: age, 
serum creatinine (mg/dL), body mass index (BMI, 
kg/m2), fasting blood glucose (mg/dL), total 
cholesterol (mg/dL), high-density lipoprotein (HDL) 

cholesterol levels (mg/dL), triglyceride levels 
(mg/dL), high sensitivity C-reactive protein levels 
(hsCRP, mg/dL), systolic blood pressure (mmHg), 
diastolic blood pressure (mmHg), appendicular lean 
mass (kg), visceral fat area (cm3), and hearing 
thresholds. 

 

 
Figure 1. Study flow chart. 

 
Appendicular lean mass and visceral fat area 

was measured using multi-frequency bioimepdance 
analysis (In-Body 720; Biospace, Seoul, Korea). 
Sarcopenia index was calculated as appendicular lean 
mass (kg) divided by BMI (kg/m2). Participants were 
divided into two groups based on criteria from the 
Foundation for the National Institute of Health 
Sarcopenia Project: a normal group (sarcopenia index 
≥ 0.512) and a sarcopenia group (sarcopenia index < 
0.512) [17]. Serum creatinine levels were measured 
using a Hitachi Automatic Analyzer (alkaline picrate, 
Jaffé kinetic). The estimated glomerular filtration rate 
(eGFR) was calculated using the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) 
equation [18]. Chronic kidney disease was defined as 
an eGFR < 60 mL/min/1.73 m2. Diabetes mellitus 
(DM) was defined as a fasting blood glucose level ≥ 
126 mg/dL or a self-reported history of DM. 
Hypertension was defined as a systolic blood pressure 
measurement of ≥ 140 mmHg or a diastolic 
measurement of ≥ 90 mmHg or a self-reported history 
of hypertension. The National Cholesterol Education 
Program Adult Treatment Panel III guidelines were 
used to define the metabolic syndrome [18]. 

Hearing thresholds were measured using an 
automatic audiometer at 0.5 kHz, 1 kHz, 2 kHz, 3 
kHz, 4 kHz, and 6 kHz. None of the participants had 
been receiving ototoxic medication and none had ear 
disease (e.g., chronic otitis media). Hearing was tested 
in both ears of each participant. Low-frequency 
(Low-Freq), mid-frequency (Mid-Freq), and 
high-frequency (High-Freq) values were obtained 
calculating the pure tone averages at 0.5 and 1 kHz, 2 
and 3 kHz, and 4 and 6 kHz, respectively. The average 
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hearing threshold (AHT) was calculated as the pure 
tone average at the 4 frequencies of 0.5 kHz, 1 kHz, 2 
kHz, and 3 kHz. Mild HL was as an AHT of 24 to 40 
dB; moderate-to-profound HL was defined as an AHT 
of 40 dB or greater.  

Statistical analyses 
The data were analyzed using the Statistical 

package for the Social Sciences software package 
(SPSS v.21, Chicago, IL., USA). Categorical variables 
were expressed as both counts and percentages. 
Continuous variables were expressed as the mean ± 
standard deviation (SD) or standard error (SE). The 
Pearson’s χ2 or Fisher’s exact test was used to analyze 
categorical variables, as appropriate. For continuous 
variables, Student’s t-test was used to compare the 
means.  

Linear regression analysis was performed to 
assess independent predictors of hearing thresholds. 
Logistic regression analyses were used to estimate 
odds ratios (OR) and 95% confidence intervals (CI), 
which were then used to determine the association 
between sarcopenia and HL. 

The multivariate analysis was adjusted for age, 
diabetes mellitus, hypertension, eGFR, total 
cholesterol, HDL cholesterol, and triglyceride level. 
Multivariate analyses using analyses of covariance, 
multiple linear regression, or multiple logistic 
regression were used determine the independent 
predictors of HL. Discrimination– which is the ability 
of the model to differentiate between participants 
who have HL and those who do not –was examined 
using the area under the receiver operating 
characteristic (AUROC) curve. AUROC analysis was 
also performed in order to calculate sensitivity and 
specificity. The AUROC was calculated using the 
MedCalc software package (v.11.6.1.0, MedCalc, 
Mariakerke, Belgium). A P-value < 0.05 was 
considered statistically significant. 

Results 
Clinical characteristics of participants 

Of the 4,038 participants, 272 (6.7%) were 
allocated to the sarcopenia group, leaving 3,766 
(93.3%) in the normal group (Table 1). Sarcopenia 
index in the normal and sarcopenia groups was 0.656 
± 0.080 and 0.479 ± 0.030, respectively. Age, BMI, 
fasting blood glucose, total cholesterol, triglyceride 
levels, and systolic and diastolic blood pressure were 
higher in the sarcopenia group than in the normal 
group. HDL cholesterol level and eGFR were lower in 

the sarcopenia group than in the normal group. In the 
normal group, 396 (10.5%) participants had DM, vs. 51 
(18.8%) in the sarcopenia group (P < 0.001). The 
groups also differed significantly in terms of having 
hypertension (775 [20.6%] vs. 108 [39.7%]; P < 0.001) 
or metabolic syndrome (817 [21.7%] vs. 110 [40.4%]; P 
< 0.001) in the normal and sarcopenia groups, 
respectively. The number of metabolic syndrome 
components in the normal and sarcopenia groups was 
1.62 ± 1.12 and 2.23 ± 0.98, respectively (P < 0.001). 
Visceral fat area (cm3) in the normal and sarcopenia 
groups was 99.0 ± 21.9 cm3 and 117.0 ± 21.8 cm3 , 
respectively (P < 0.001). The hsCRP level was higher 
in the sarcopenia group than in the normal group.  

 
 

Table 1. Clinical characteristics of participants 

 Normal  
(n = 3,766) 

Sarcopenia  
(n = 272) 

P-value* 

Age (years) 59.5 ± 7.4 67.7 ± 7.6 <0.001 
Body mass index (kg/m2) 23.8 ± 2.8 26.7 ± 3.8 <0.001 
Fasting blood glucose (mg/dL) 95.2 ± 21.6 100.4 ± 26.0 <0.001 
Systolic blood pressure (mmHg) 120 ± 15 128 ± 16 <0.001 
Diastolic blood pressure (mmHg) 76 ± 11 80 ± 11 <0.001 
eGFR(mL/min/1.73 m2) 91.2 ± 26.0 87.6 ± 19.7 0.027 
Total cholesterol (mg/dL) 208.0 ± 37.8 213.9 ± 39.6 0.013 
Triglyceride (mg/dL) 116.7 ± 76.9 135.4 ± 71.9 0.010 
HDL cholesterol (mg/dL) 59.2 ± 15.0 56.7 ± 15.1 <0.001 
hsCRP (mg/dL) 0.16 ± 0.55 0.31 ± 1.22 <0.001 
Sarcopenia index 0.656 ± 0.080 0.479 ± 0.030 <0.001 
Data are expressed as numbers (percentages) for categorical variables and mean ± 
standard deviations for continuous variables. 
*P values were tested by student t-test. Abbreviations: eGFR, estimated glomerular 
filtration rate; HDL, high-density lipoprotein; hsCRP, high sensitivity C-reactive 
protein. 

 

Association between sarcopenia and hearing 
thresholds 

Hearing thresholds (mean ± SE) in the normal 
and sarcopenia groups were 25.6 ± 0.2 dB and 34.6 ± 
1.0 dB in Low-Freq, 28.8 ± 0.2 dB and 41.1 ± 1.2 dB in 
Mid-Freq, 35.2 ± 0.3 dB and 51.6 ± 1.2 dB in High-Freq, 
and 27.2 ± 0.2 dB and 37.9 ± 1.0 dB in AHT (Figure 2). 
Multivariate analysis revealed that hearing thresholds 
in the normal and sarcopenia groups were 25.7 ± 0.2 
dB and 33.7 ± 0.7 dB in Low-Freq, 28.9 ± 0.2 dB and 
39.8 ± 0.9 dB in Mid-Freq, 35.4 ± 0.3 dB and 49.8 ± 1.1 
dB in High-Freq, and 27.3 ± 0.2 dB and 36.8 ± 0.8 dB in 
AHT. For univariate and multivariate analyses, all 4 
hearing thresholds were higher in the sarcopenia 
group than in the normal group. In addition, linear 
regression analyses showed Low-Freq, Mid-Freq, and 
High-Freq to be inversely correlated with the 
sarcopenia index (Table 2).  
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Figure 2. Hearing thresholds according to the presence of sarcopenia. The multivariate analysis was adjusted for age, diabetes mellitus, hypertension, 
estimated glomerular filtration rate, total cholesterol level, high-density lipoprotein level, and triglyceride level (P < 0.001 for trend in all analyses). The data are 
expressed as mean and standard error values. Abbreviation: Low-Freq, low frequency; Mid-Freq, middle frequency; High-Freq, high frequency; AHT, average hearing 
threshold. 

 

Table 2. Linear regression analyses of variable hearing thresholds by sarcopenia index. 

 Univariate  Multivariate 
Standardized β ± SE P-value*  Standardized β ± SE P-value* 

Dep: Low-Freq      
Sarcopenia index -–0.257 ± 2.005 <0.001  –0.067 ± 2.059 <0.001 
Age 0.462 ± 0.021 <0.001  0.441 ± 0.025 <0.001 
Fasting blood glucose 0.107 ± 0.008 <0.001  0.038 ± 0.008 0.008 
Systolic blood pressure 0.133 ± 0.012 <0.001  –0.074 ± 0.023 0.015 
Diastolic blood pressure 0.119 ± 0.017 <0.001  0.060 ± 0.032 0.046 
eGFR –0.058 ± 0.007 <0.001  0.045 ± 0.007 0.002 
Total cholesterol –0.019 ± 0.005 0.227  – – 
HDL cholesterol –0.103 ± 0.012 <0.001  –0.044 ± 0.012 0.003 
Triglyceride 0.082 ± 0.002 <0.001  –0.004 ± 0.002 0.786 
Dep: Mid-Freq      
Sarcopenia index –0.286 ± 2.462 <0.001  –0.079 ± 2.747 <0.001 
Age 0.506 ± 0.026 <0.001  0.478 ± 0.030 <0.001 
Fasting blood glucose 0.114 ± 0.010 <0.001  0.038 ± 0.009 0.007 
Systolic blood pressure 0.151 ± 0.014 <0.001  –0.079 ± 0.028 0.008 
Diastolic blood pressure 0.136 ± 0.021 <0.001  0.070 ± 0.039 0.016 
eGFR –0.073 ± 0.009 <0.001  0.038 ± 0.008 0.006 
Total cholesterol –0.013 ± 0.006 0.399  – – 
HDL cholesterol –0.118 ± 0.015 <0.001  –0.055 ± 0.014 <0.001 
Triglyceride 0.088 ± 0.003 <0.001  –0.010 ± 0.003 0.050 
Dep: High-Freq      
Sarcopenia index –0.327 ± 2.999 <0.001  –0.083 ± 2.847 <0.001 
Age 0.593 ± 0.030 <0.001  0.557 ± 0.035 <0.001 
Fasting blood glucose 0.136 ± 0.013 <0.001  0.045 ± 0.011 0.001 
Systolic blood pressure 0.180 ± 0.018 <0.001  –0.044 ± 0.032 0.115 
Diastolic blood pressure 0.152 ± 0.026 <0.001  0.034 ± 0.045 0.214 
eGFR –0.102 ± 0.011 <0.001  0.029 ± 0.009 0.025 
Total cholesterol –0.011 ± 0.007 0.467  – – 
HDL cholesterol –0.133 ± 0.019 <0.001  –0.055 ± 0.016 <0.001 
Triglyceride 0.108 ± 0.004 <0.001  –0.002 ± 0.003 0.871 
*The dependent variable was Low-Freq, Mid-Freq, or High-Freq, and independent variables were sarcopenia index, age, fasting blood glucose level, systolic blood pressure, 
diastolic blood pressure, eGFR, total cholesterol level, HDL cholesterol level, and triglyceride level.  
Multivariate analysis was adjusted for sarcopenia index, age, fasting blood glucose level, systolic blood pressure, diastolic blood pressure, eGFR, HDL cholesterol level, and 
triglyceride level. 
Abbreviations: Low-Freq, low frequency; Mid-Freq, mid-frequency; High-Freq, high-frequency; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein. 
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Association between sarcopenia and hearing 
loss 

The AUROCs of the sarcopenia index for mild 
and moderate-to-profound HL were 0.630 (95% CI, 
0.615–0.645) and 0.672 (95% CI, 0.657–0.686), 
respectively (Figure 3). The sensitivity and specificity 
for predicting HL were 53.2% and 65.9% in mild HL 
and 55.7% and 69.4% in moderate-to-profound HL, 
respectively. 

The prevalence of mild or moderate-to-profound 
HL was 30.7% and 13.5% in the normal group, and 
37.1% and 37.9% in the sarcopenia group. The 
prevalence of HL was higher in the sarcopenia group 
than in the normal group (P < 0.001). The unadjusted 
OR for mild HL was 2.692 (95% CI, 1.963–3.692; P < 
0.001) in the sarcopenia group relative to the normal 
group, with an adjusted OR of 1.584 (95% CI, 
1.131–2.217; P = 0.007). The unadjusted OR for 
moderate-to-profound HL in the sarcopenia group 
relative to the normal group was 6.246 (95% CI, 
4.530–8.612; P < 0.001); the adjusted OR was 2.667 
(95% CI, 1.866–3.812; P < 0.001). 

Subgroup analysis by age 
For participants aged 50-59 years and 70-79 

years, all 4 hearing thresholds were higher in the 
sarcopenia group than in the normal group. For those 
aged 60-69 years, there was a significant difference 
only in the High-Freq hearing threshold between the 
two groups (Table 3). The univariate and multivariate 
analyses showed similar results. 

 
Figure 3. Receiver operating characteristic curves of sarcopenia 
index for the prediction of hearing loss. A. mild hearing loss. B. 
moderate-to-profound hearing loss. 

 
 

Table 3. Subgroup analyses for the association between hearing thresholds and sarcopenia  

 Univariate  Multivariate 
Normal Sarcopenia P-value*  Normal Sarcopenia P-value* 

50–59 aged        
Low-Freq 22.1 ± 0.2 23.9 ± 0.2 <0.001  22.1 ± 8.2 26.7 ± 1.2 0.002 
Mid-Freq 23.9 ± 0.2 22.0 ± 3.3 <0.001  23.9 ± 10.2 32.6 ± 1.6 <0.001 
High-Freq 28.0 ± 0.3 36.6 ± 2.6 <0.001  28.0 ± 12.9 36.6 ± 1.6 <0.001 
AHT 23.0 ± 0.2 29.7 ± 2.1 <0.001  23.0 ± 8.7 28.7 ± 1.3 <0.001 
60–69 aged        
Low-Freq 28.1 ± 0.3 30.5 ± 1.4 0.051  28.0 ± 0.3 30.0 ± 1.2 0.105 
Mid-Freq 32.4 ± 0.4 35.0 ± 1.7 0.078  32.3 ± 0.4 34.2 ± 1.4 0.197 
High-Freq 40.8 ± 0.5 46.2 ± 1.9 0.003  41.0 ± 0.5 44.7 ± 1.7 0.031 
AHT 30.2 ± 0.4 32.8 ± 1.5 0.055  30.2 ± 0.4 32.1 ± 1.2 0.133 
70–79 aged        
Low-Freq 35.6 ± 0.6 40.3 ± 1.5 0.001  35.7 ± 0.7 39.5 ± 1.3 0.009 
Mid-Freq 42.2 ± 0.7 48.4 ± 1.6 <0.001  42.4 ± 0.7 47.6 ± 1.4 0.002 
High-Freq 54.3 ± 0.8 60.7 ± 1.5 <0.001  54.6 ± 0.8 59.8 ± 1.5 0.002 
AHT 38.9 ± 0.6 44.3 ± 1.5 <0.001  39.1 ± 0.7 43.5 ± 1.3 0.003 
Data are expressed as mean ± standard errors.  
*P values were tested by student t-test for univariate analysis and by analysis of covariance for multivariate analysis. Multivariate analysis was adjusted for sarcopenia index, 
age, fasting blood glucose level, systolic blood pressure, diastolic blood pressure, eGFR, HDL cholesterol level, and triglyceride level. 
Abbreviations: Low-Freq, low frequency; Mid-Freq, mid-frequency; High-Freq, high-frequency; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein. 
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Discussion 
Our study included only postmenopausal 

women for exclusion of sex or hormonal effects. 
Participants were divided into a sarcopenia and 
normal group based on the sarcopenia index. The 
sarcopenia and normal groups were compared with 
respect to hearing impairment and HL. Participants in 
the sarcopenia were significantly older and a greater 
proportion met the criteria for the metabolic 
syndrome than those without sarcopenia. The 
sarcopenia index had a significant AUC for prediction 
of mild or moderate-to-profound HL and was 
inversely correlated with hearing thresholds. All 4 
hearing thresholds were higher in the participants 
with sarcopenia than in those without sarcopenia. In 
addition, logistic regression analyses showed an 
association between the presence of sarcopenia and 
mild or moderate-to-profound HL. These results 
indicate that sarcopenia may be associated with 
hearing impairment through the mechanism of 
increased metabolic disturbance in postmenopausal 
women. 

The association between sarcopenia and 
metabolic disturbance is well-known, but the 
association is very complex. Sarcopenia can cause 
metabolic disturbances; conversely, metabolic 
disturbances can induce the sarcopenia. Muscles 
utilize large amounts of glucose, and decreases in 
muscle bulk can increase the risk of insulin resistance 
[20, 21]. Metabolic syndrome is associated with 
increased visceral fat mass. Such an increase is 
associated with inadequate activation of the PI3/Akt 
signaling pathway by means of insulin resistance, and 
resulting in accelerated breakdown of muscle mass 
[22]. Chronic inflammation caused by the metabolic 
syndrome can also play a role in decreasing muscle 
mass. Our results demonstrate that sarcopenia is 
associated with both the metabolic syndrome and 
chronic inflammation. These factors can lead to 
endothelial damage in stria vascularis, which can 
result in hearing impairment [23, 24].  

Our results show an association between 
sarcopenia and hearing thresholds (as a continuous 
variable) and HL (as a categorical variable). The 
predictive effect in moderate-to-profound HL was 
higher than that in mild HL. We postulate that this 
association is a result of metabolic disturbances 
combined with sarcopenia. Although we did not 
evaluate causality between sarcopenia and metabolic 
disturbances, these results indicate that participants 
with sarcopenia should be closely monitored for 
hearing impairment. 

Age is an important confounding factor as it is 
associated with both sarcopenia and hearing 

impairment. Thus, we adjusted for age in the 
multivariate analysis. In addition, we tried to decrease 
the confounding effect of age by stratification into 
three subgroups (50-59; 50-69 and 70-79 years of age). 
In the subgroup analysis, Low-, Mid-, High-Freq, and 
AHT were significantly higher in the sarcopenia 
group than in the normal group amongst those aged 
50-59 and 70-79. Amongst participants aged 60-69, 
only the High-Freq hearing threshold was 
significantly higher in the sarcopenia group than in 
the normal group. Although no statistically 
significance observed, the other hearing thresholds in 
the sarcopenia group showed a higher trend than in 
those in the normal group. 

This study has a number of limitations. First, as it 
is a retrospective cross-sectional design, it cannot 
establish causality between sarcopenia and metabolic 
disturbances or between sarcopenia and hearing 
impairment or HL. Second, the study included an 
ethnically homogenous population at a single center, 
affecting generalizability. Third, this study did not 
evaluate sensitive components of either hearing 
impairment (such as speech discrimination) or 
sarcopenia (such as muscle strength).  

In conclusion, sarcopenia may be associated with 
HL. Further prospective studies are needed to 
evaluate the strength of the association between 
sarcopenia and HL. However, it may be beneficial to 
perform screening audiometry in patients with 
sarcopenia. 
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