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Abstract 

Background: Visceral fat area (VFA) using bioimpedance analysis (BIA) as a simple analyzer can 
be used to assess VFA, which may be associated with HL. The aim of the present study was to 
evaluate the clinical relevance and usefulness of VFA using BIA as a predictor of HL. 
Patients and Methods: In total, 18,415 patients were recruited into our study. VFAs were 
measured using multi-frequency BIA. VFAs were normalized by body mass index (BMI). Partici-
pants were divided into 3 tertiles based on their VFA/BMI for both sexes. For both ears of each 
participant, the 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 hearing threshold (AHT) was calculated as the pure 
tone average at the 4 frequencies (i.e., 0.5, 1, 2, and 3 kHz). HL was defined as AHT >40 dB. 
Results: The VFA/BMI had the greatest AUROC among VFA, BMI, and VFA/BMI in both sexes in 
this study. In both univariate and multivariate analyses, VFA/BMI tertiles were associated with all 4 
hearing thresholds (i.e., Low-Freq, Mid-Freq, High-Freq, and AHT). The 4 hearing thresholds were 
positively correlated with VFA/BMI as a continuous variable. The odds ratio for HL increased as 
the VFA/BMI tertile increased. 
Conclusion: VFA/BMI was associated with hearing impairment in the Asian population. The 
participants with high VFA/BMI should be closely monitored for hearing impairment. 
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Introduction 
Hearing loss (HL) is one of the most common 

public health problems. Obesity is a well-known risk 
factor for HL in the general population [1-3]. Obesity 
is associated with the development of cardiovascular 
disease, including cochlear vasculopathies. Body mass 
index (BMI) has been known as a classic obesity in-
dicator. However, BMI cannot be used to differentiate 
fat from free-fat mass. The reliability of BMI as a rep-
resentation of fat mass has been questioned [4]. Dur-
ing previous studies, conflicting results regarding the 
association between hearing impairment and BMI 

have been observed [3,5,6]. Fat, a constituent of body 
mass, is a biologically active tissue associated with the 
development of cardiometabolic complications. There 
are significant clinical and prognostic differences 
between subcutaneous and visceral fat tissues. Vis-
ceral fat tissue is more biologically active than subcu-
taneous fat tissue [7]. Kim et al. showed an association 
between visceral fat are (VFA) using computed to-
mography and hearing thresholds [8]. 

Computed tomography and magnetic resonance 
imaging at the umbilical level have been known as the 
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gold standard for assessing visceral fat accumulation 
[9]. However, these methods involve x-ray irradiation 
or require an expensive equipment and relatively long 
imaging time. Multi-frequency bioimpedance analysis 
(BIA) is a simple method for assessing body composi-
tions, including VFA. BIA uses electrical current re-
sistance and impedance to measure body composi-
tions. In our previous study, we showed that VFA 
measured using BIA was significantly correlated with 
that acquired by the computed tomography [10]. 
Therefore, VFA using BIA as a simple analyzer can be 
used to assess VFA, which may be associated with 
HL. The aim of the present study was to evaluate the 
clinical relevance and usefulness of VFA using BIA as 
a predictor of HL. 

Methods 
Study population 

We identified 20,726 adults (≥40 years old) who 
underwent voluntary routine health checkups at 
Yeungnam University Hospital between June 2008 
and April 2014. Data acquired during the first visit 
were used when patients underwent multiple exam-
inations. Among these patients, 2,311 were excluded 
due to a lack of laboratory findings or BIA data. In 
total, 18,415 patients were recruited into our study. 
This study was approved by the Institutional Review 
Board of Yeungnam University Hospital. The board 
waived the need for informed consent because the 
patients’ records and information were anonymized 
and de-identified prior to analysis. 

Study variables 
Clinical and laboratory data collected from the 

participants during the health examination included 
the following variables: age, sex, body mass index 
(BMI; kg/m2), VFA (cm2), systolic blood pressure 
(SBP; mmHg), diastolic blood pressure (DBP; mmHg), 
serum creatinine level (mg/dL), estimated glomerular 
filtration rate (eGFR; mL/min/1.73m2), fasting blood 
glucose level (FBG; mg/dL), total cholesterol level 
(mg/dL), triglyceride level (TG; mg/dL), 
high-density lipoprotein (HDL) cholesterol level 
(mg/dL), and hearing thresholds. BMI was calculated 
as body weight divided by height squared [body 
weight (kg)/height (m2)]. VFAs were measured using 
multi-frequency BIA (In-Body 720; Biospace, Seoul, 
Korea). VFAs were normalized by BMI. Participants 
were divided into 3 tertiles based on their VFA/BMI 
for both sexes: low, middle, and high tertiles. Serum 
creatinine levels were measured using a Hitachi Au-
tomatic Analyzer (alkaline picrate, Jaffé kinetic reac-
tion). The eGFR was calculated using the Chronic 
Kidney Disease Epidemiology Collaboration equation 
[11]. Chronic kidney disease was defined as an eGFR 

<60 mL/min/1.73 m2. Diabetes mellitus (DM) was 
defined as a self-reported history of DM diagnosis or 
a fasting glucose level ≥126 mg/dL. Hypertension 
was defined as an SBP ≥140 mmHg, DBP ≥90 mmHg, 
a self-reported history of hypertension or use of an-
ti-hypertensive drugs.  

The hearing thresholds were measured using an 
automatic audiometer at 0.5, 1, 2, 3, 4, and 6 kHz. 
None of the participants had been receiving medica-
tion associated with ototoxicity or had ear disease 
(i.e., chronic otitis media). For both ears of each par-
ticipant, the 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. In the present study, the average 
hearing threshold (AHT) was calculated as the pure 
tone average at the 4 frequencies (i.e., 0.5, 1, 2, and 3 
kHz). HL was defined as AHT >40 dB. 

Statistical analyses 
Data were analyzed using SPSS version 21 (SPSS, 

Chicago, IL, USA). Categorical variables were ex-
pressed as numbers and percentages. Continuous 
variables were expressed as mean ± standard devia-
tion or standard error. The Pearson’s χ2 test or Fisher’s 
exact test was used to analyze categorical variables. 
For continuous variables, means were compared us-
ing one-way analysis of variance. Linear regression 
analysis was performed to assess the independent 
predictors of AHT. Logistic regression analyses were 
used to estimate odds ratios and 95% confidence in-
tervals (CI) to determine the relationship between 
VFA/BMI tertiles and HL. Multivariate analysis was 
adjusted for age, DM, HTN, and CKD. Variance infla-
tion factor (VIF) was used to identify multicollinearity 
for the multivariate linear regression model. VIF 
greater than 10 was not accepted. 

Discrimination, the ability of the model to dif-
ferentiate between participants with and without HL, 
was examined using the area under the receiver op-
erating characteristic curve (AUROC). AUROC anal-
ysis was also performed to calculate cutoff values, 
sensitivity, and specificity. The cutoff risk point was 
defined as the highest sensitivity (100 – specificity) 
value in the AUROC. The statistical significance be-
tween AUROC values was calculated by the DeLong 
method. The AUROC was calculated using MedCalc 
version 11.6.1.0 (Medcalc, Mariakerke, Belgium). The 
level of statistical significance was set at P <0.05. 

Results 
Clinical characteristics of the participants 

There were 3,410, 3,406, and 3,401 men and 2,733, 
2,735, and 2,730 women in the low, middle, and high 
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VFA/BMI tertiles, respectively. The mean VFA/BMI 
in the low, middle, and high tertiles were 3.37 ± 0.48 
(0.23–3.89), 4.19 ± 0.16 (3.90–4.46), and 4.95 ± 0.41 
(4.47–7.02), respectively, in men and 3.12 ± 0.38 
(1.20–3.59), 3.92 ± 0.19 (3.60–4.24), and 4.78 ± 0.41 
(4.25–6.64), respectively, in women (Table 1). In both 
sexes, the portions of participants with DM, hyper-
tension, and chronic kidney disease increased with 
increasing VFA/BMI tertiles. Furthermore, age, BMI, 
and TG levels increased with increasing VFA/BMI 
tertiles in both sexes. 

Association between VFA/BMI and hearing 
loss 

The AUROCs of VFA/BMI, VFA, and BMI for 
HL were 0.731 (95% CI, 0.722–0.739), 0.661 (95% CI, 
0.652–0.670), and 0.530 (95% CI, 0.520–0.540) in men 
and 0.791 (95% CI, 0.782–0.799), 0.747 (95% CI, 
0.737–0.756), and 0.583 (95% CI, 0.572–0.594) in 

women, respectively (Figure 1). The VFA/BMI had 
the highest AUROC and was the best predictor of HL 
(P <0.001). The sensitivity and specificity for predict-
ing HL were 56.5% and 79.3% in men and 69.0% and 
75.9% in women, respectively. According to univari-
ate and multivariate analyses, the mean of the 4 
hearing thresholds in both sexes increased as the 
VFA/BMI tertiles increased (Figure 2). In addition, a 
positive association of VFA/BMI with AHT was ob-
served in the univariate and multivariate linear re-
gression analyses (Table 2). The correlation coeffi-
cients between age and VFA/BMI were 0.594 in men 
and 0.796 in women (P < 0.001 in both sexes). How-
ever, VIFs for all explanatory variables, including age 
and VFA/BMI, were lesser than 10. These results 
show that age was positively associated with 
VFA/BMI, but multivariate models waived the risk of 
collinearity in both sexes. 

 
 

Table 1. Clinical characteristics of the participants according to visceral fat are/body mass index tertiles. 

 Men  Women 
 Low Middle High P  Low Middle High P 
Age (years) 48.6 ± 6.7 52.5 ± 6.7 61.2 ± 9.3 <0.001  46.7 ± 5.3 53.2 ± 6.3 64.3 ± 8.3 <0.001 
BMI (kg/m2) 23.6 ± 2.6 25.0 ± 2.6 25.2 ± 3.0 <0.001  21.7 ± 2.2 23.6 ± 2.6 24.9 ± 3.2 <0.001 
VFA (cm2) 79.7 ± 15.7 104.7 ± 11.8 124.6 ± 17.3 <0.001  68.3 ± 12.7 92.8 ± 11.6 119.0 ± 18.6 <0.001 
Diabetes mellitus 215 (6.3%) 372 (10.9%) 604 (17.8%) <0.001  53 (1.9%) 156 (5.7%) 405 (14.8%) <0.001 
Hypertension 499 (14.6%) 738 (21.7%) 1042 (30.6%) <0.001  158 (5.8%) 357 (13.1%) 758 (27.8%) <0.001 
eGFR (mL/min/1.73m2) 67.8 ± 12.0 66.8 ± 11.8 63.7 ± 15.1 <0.001  98.7 ± 25.3 95.9 ± 25.7 89.0 ± 30.5 <0.001 
CKD (%) 821 (24.0%) 984 (28.9%) 1335 (39.4%) <0.001  20 (0.7%) 36 (1.3%) 104 (3.8%) <0.001 
FBG (mg/dL) 93.6 ± 21.4 97.5 ± 23.7 101.4 ± 28.1 <0.001  88.3 ± 15.0 91.6 ± 16.6 98.6 ± 24.9 <0.001 
TC (mg/dL) 197.8 ± 35.1 203.6 ± 34.9 202.8 ± 40.1 <0.001  188.3 ± 32.4 204.2 ± 35.3 211.7 ± 38.4 <0.001 
TG (mg/dL) 134.4 ± 99.7 161.7 ± 112.6 156.8 ± 118.4 <0.001  84.2 ± 50.6 108.8 ± 71.0 129.0 ± 96.9 <0.001 
HDL (mg/dL) 54.3 ± 14.2 51.3 ± 13.1 51.2 ± 13.4 <0.001  64.3 ± 15.4 60.1 ± 14.6 57.8 ± 14.8 <0.001 
The data are expressed as numbers (percentages) for categorical variables and means ± standard deviations for continuous variables. The P values were tested using one-way analysis of 
variance for continuous variables and Pearson χ2 test or Fisher exact test for categorical variables. 
Abbreviations: BMI, body mass index; VFA, Visceral fat area; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; FBG, fasting blood glucose; TC, total cholesterol; TG, 
triglyceride; HDL, high-density lipoprotein. 

 
 

Table 2. Linear regression analyses of average hearing threshold according to visceral fat area/body mass index. 

Independent variables Univariate  Multivariate  
Standardized β ± SE P-value*  Standardized β ± SE P-value* VIF 

Men       
Age 0.508 ± 0.010 <0.001  0.490 ± 0.013 <0.001 1.682 
Diabetes mellitus 0.084 ± 0.339 <0.001  –0.003 ± 0.297 0.760 1.035 
Hypertension 0.070 ± 0.262 <0.001  0.000 ± 0.228 0.974 1.031 
eGFR –0.081 ± 0.008 <0.001  0.070 ± 0.007 <0.001 1.098 
VFA/BMI 0.347 ± 0.137 <0.001  0.066 ± 0.157 <0.001 1.576 
Women       
Age 0.569 ± 0.011 <0.001  0.517 ± 0.018 <0.001 2.941 
Diabetes mellitus 0.159 ± 0.488 <0.001  0.021 ± 0.419 0.026 1.070 
Hypertension 0.185 ± 0.353 <0.001  0.025 ± 0.308 0.008 1.095 
eGFR –0.118 ± 0.005 <0.001  0.033 ± 0.004 0.001 1.087 
VFA/BMI 0.479 ± 0.151 <0.001  0.062 ± 0.234 <0.001 2.761 
*The dependent variable was average hearing threshold, and the multivariate analysis was adjusted for age, diabetes mellitus, hypertension, and eGFR.  
Abbreviations: SE, standard error; VIF, variance inflation factor; eGFR, estimated glomerular filtration rate; VFA, visceral fat area; BMI, body mass index. 
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Figure 1. Receiver operating characteristic curves of variable indices for the 
prediction of hearing loss in men (A) and women (B). Abbreviations: VFA, 
visceral fat area; BMI, body mass index. 

 
Men in the middle and high VFA/BMI tertiles 

had a 1.760 (95% CI, 1.403–2.209; P <0.001) and 5.746 
(95% CI, 4.705–7.016; P <0.001) fold increased risk of 
HL compared to participants in the low VFA/BMI 
tertile according to the univariate logistic regression 
analysis (Table 3). Men in the middle and high 
VFA/BMI tertiles had a 1.630 (95% CI, 1.294–2.053; P 
<0.001) and 2.341 (95% CI, 1.869–2.933; P <0.001) fold 
increased risk of HL compared to those in the low 
VFA/BMI tertile according to the multivariate analy-
sis. Women in the middle and high VFA/BMI tertiles 
had a 2.663 (95% CI, 1.976–3.590; P <0.001) and 11.976 
(95% CI, 9.162–15.653; P <0.001) fold increased risk of 
HL compared to those in the low VFA/BMI tertile 
according to the univariate logistic regression analy-
sis. Women in the middle and high VFA/BMI tertiles 
had a 2.317 (95% CI, 1.715–3.130; P <0.001) and 4.425 
(95% CI, 3.277–5.977; P <0.001) fold increased risk of 
HL compared to those in the low VFA/BMI tertile 
according to multivariate analysis.  

Discussion 
The VFA/BMI had the greatest AUROC among 

VFA, BMI, and VFA/BMI in both sexes in this study. 

In both univariate and multivariate analyses, 
VFA/BMI tertiles were associated with all 4 hearing 
thresholds (i.e., Low-Freq, Mid-Freq, High-Freq, and 
AHT). The 4 hearing thresholds were positively cor-
related with VFA/BMI as a continuous variable. The 
odds ratio for HL increased as the VFA/BMI tertile 
increased. According to these results, VFA/BMI was 
associated with HL in the Asian population. 

Obesity is an important risk factor for the de-
velopment of hearing impairment in the general 
population [1-3]. Adiponectin is inversely associated 
with obesity. VFA induces insulin resistance, over-
production of offensive adipokines (i.e., plasminogen 
activator inhibitor-1), and underproduction of defen-
sive adipokines (i.e., adiponectin) [12]. The change in 
adiponectin level with obesity plays a key role in the 
development of cardiometabolic complications or HL 
[12-15]. The change in circulating adiponectin levels is 
greater among participants with high VFA than in 
high BMI or subcutaneous fat area [16]. Circulating 
adiponectin levels in both sexes are increased by re-
duced VFA [17,18]. Based on a study by Hwang et al., 
there was an association between plasma adiponectin 
levels and hearing thresholds [13]. 

 
 

 
 
 

 
Figure 2. Hearing thresholds according to visceral fat area/body mass 
index tertiles in men (A) and women (B). The multivariate analysis was 
adjusted for age, diabetes mellitus, hypertension, and chronic kidney disease (P 
< 0.05 for trends in all analyses). The data are expressed as mean and standard 
error values. Abbreviations: AHT, average hearing threshold; Low-Freq, low 
frequency; Mid-Freq, middle frequency; High-Freq, high frequency. 
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Table 3. Univariate and multivariate odds ratios for the hearing loss according to visceral fat area/body mass index tertiles.  

  Men    Women  
 Low tertile Middle tertile High tertile  Low tertile Middle tertile High tertile 
Univariate        
  Odds ratio 1.0 1.760 5.746  1.0 2.663 11.976 
  95% CI ref 1.403–2.209 4.705–7.016  ref 1.976–3.590 9.162–15.653 
  P-value  <0.001 <0.001   <0.001 <0.001 
Multivariate        
  Odds ratio 1.0 1.630 2.341  1.0 2.317 4.425 
  95% CI ref 1.294–2.053 1.869–2.933  ref 1.715–3.130 3.277–5.977 
  P-value  <0.001 <0.001   <0.001 <0.001 
The multivariate analysis was adjusted for age, diabetes mellitus, hypertension, and chronic kidney disease.  
Abbreviations: CI, confidence interval. 

 
 
According to some studies, there was no associ-

ation between BMI and hearing impairment, and that 
may be due to the inability to discriminate between 
VFA and subcutaneous fat area or muscle mass [5,6]. 
Kim et al. investigated the association between VFA 
and hearing thresholds in 662 adults using computed 
tomography [8]. They observed a significant associa-
tion between the 2 variables in only 206 women. In 
addition, they analyzed the data using only linear 
regression analyses and divided the participants into 
only 2 threshold groups (low and high frequencies). 
To the best of our knowledge, there has been only one 
previous study to evaluate the association between 
VFA and hearing thresholds. The main technical ad-
vancement achieved in the current study was the 
method for VFA measurement. Although computed 
tomography and magnetic resonance imaging are the 
gold standard for assessing VFA, these are not proper 
methods in routine health-checkup settings. VFA 
measurement using BIA is simple, relatively accurate, 
and requires short imaging time. In present study, 
VFA measurements were normalized by BMI. The 
normalized VFA/BMI values had the highest AU-
ROCs compared to the non-normalized VFA or BMI 
values. HL was defined as AHT >40 dB according to 
the serviceable hearing level. An association of 
VFA/BMI with all 4 variables and HL as a categorical 
variable was observed in both sexes. 

There were a few limitations in this study. First-
ly, the study was limited by its retrospective nature. 
We were unable to evaluate ethnic differences, and 
establishing possible causality. Secondly, we did not 
evaluate the sensitive components of hearing im-
pairments (i.e., speech discrimination or auditory 
brainstem response test). Thirdly, habitual parameters 
(i.e., alcohol consumption and smoking), and history 
of exposure to noise (i.e., occupational or explosive 
noise) were not evaluated in the present study. 
However, the impact of these limitations was reduced 
by the large sample size in this study. Further pro-
spective analysis, including follow-up data and sensi-
tive methods, is needed to evaluate a possible strong 

correlation between VFA/BMI and hearing impair-
ment. 

In conclusion, VFA/BMI was associated with 
hearing impairment in the Asian population. There-
fore, the participants with high VFA/BMI should be 
closely monitored for hearing impairment. 
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