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Introduction

Metabolic syndrome (MS) is a collection of metabolic risk 
factors that ultimately leads to atherosclerotic cardiovascular 
disease, type 2 diabetes mellitus, and all-cause mortality (1). 
Although the worldwide prevalence of MS varies according to 
the regional and enrolled population, approximately one-fifth 
of the total American population is known to have MS (2). In 
Korea, the age-adjusted prevalence of MS had been increased 
from 24.9% in 1998 to 31.3% in 2007 (3). In general, MS is 
regarded as a state of chronic low-grade inflammation that 
is regulated by a combination of genetic and environmental 
factors, and it is accompanied by glucose intolerance, 
hypertension, visceral adiposity, atherogenic dyslipidemia, and 
a hypercoagulable state (4).

Hearing impairment (HI) is one of the most common chronic 
diseases in older adults after hypertension, arthritis (5). Risk 
factors for HI include: Aging, genetic predispositions, preterm 
birth, exposure to loud noise, ototoxic medications such as 
aspirin, loop diuretics, aminoglycosides and cisplatin, some 
illnesses such as local ear infections, chronic ear diseases, 
meningitis, and autoimmune diseases (6-11).

Among the individual metabolic risk factors that are related 
to HI, the influence of diabetes, hypertension, hyperlipidemia, 
obesity and high body mass index (BMI) on hearing have been 
thoroughly investigated by many researchers (12-15). However, 
to the authors’ best knowledge, the association between MS 
itself and HI has rarely been investigated. 

Therefore, the aim of this study was to examine the 

association between MS and HI using nationally representative 
data from Korean adults. 

Methods

Ethical consideration
This study was approved by the institutional review board of 

Eulji University (No. 2014-012-003). 

Study population
The Korean National Health and Nutrition Examination 

Survey (KNHANES) is an annual national survey that has 
been conducted by the Korean Centers for Disease Control 
and Prevention since 1998. The KNHANES survey examines 
the health and nutritional status of a representative sample 
of the general Korean population. In this study, we analyzed 
data from the fifth KNHANES (2010–2012), which evaluated 
25,534 subjects during the survey period. All participants 
provided their written informed consent before enrollment 
in the survey. For our analysis, data were excluded if the 
subject was <19 years old or if pure tone audiometry was not 
performed. After the exclusion of these subjects, data from 
16,799 subjects were included in our analysis. 

Definition of metabolic syndrome
Based on the modified NCEP-ATP III definition and the 

determinations of the Korean Society for the Study of Obesity, 
a subject was defined as having MS if he/she met three of the 
following five criteria: (1) a race-adjusted waist circumference 
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that met the definition of abdominal obesity (men: ≥90 cm, 
women: ≥85 cm); (2) triglyceride levels of ≥150 mg/dL; (3) 
high-density lipoprotein (HDL) cholesterol levels of ≤40 mg/
dL (men) or ≤50 mg/dL (women); (4) elevated blood pressure 
(≥130/85 mmHg) and/or antihypertensive drug treatment; and 
(5) elevated fasting blood glucose (FBG, ≥100 mg/dL) and/or 
drug treatment for elevated FBP (16, 17). 

Sociodemographic data collection
All data regarding smoking, alcohol consumption, diet 

therapy, household income, education status, and occupational 
noise exposure were collected using a self-reported survey. 
Subjects with a current smoking habit or a history of smoking 
were classified as smokers, and lifetime non-smokers were 
classified as non-smokers. For alcohol consumption habits, 
lifetime non-drinkers or subjects who consumed <1 drink/
month during the past year were classified as non-drinkers, 
while subjects who consumed >1 drink/month over the past 
year were classified as drinkers. For diet therapy, subjects 
were questioned regarding whether they had undergone diet 
therapy. Household income was classified into four groups: 
lower class, lower-middle class, upper-middle class, or 
upper class. Education status was classified into four groups: 
elementary school, middle school, high school, or university. 
For occupational noise exposure, subjects were asked if 
they had been exposed to loud noise at work for more than 3 
months. Previous medically diagnosed histories of diabetes or 
hypertension were documented. 

Body measurements
Blood pressure was measured three times, separated by 

intervals of 30 s, and the average of these measurements was 
adopted as the final blood pressure. Fasting plasma glucose 
(FPG), total cholesterol, triglycerides, high-density lipoprotein 
cholesterol (HDL-C), and low-density lipoprotein cholesterol 
(LDL-C) were tested after a minimum fast of 12 h. Height 
was measured using a SECA225 measuring device (SECA 
Deutschland, Hamburg, Germany), and weight was measured 
to one decimal point (0.1 kg) using a GL-6000-20 scale (CAS 
KOREA, Seoul, Korea). Waist circumference was measured 
using a tape measure (SECA200, SECA Deutschland) at the 
midpoint between the lowest rib and the iliac crest of the 
pelvis, after a modest expiration. BMI was calculated as weight 
divided by height squared (kg/m2).

Assessment of hearing 
Ear, nose, and throat examinations were performed by 

otolaryngologists. Measurement of the air-conduction hearing 
threshold was conducted by well-trained examiners in a 
soundproof booth, using an SA 203 audiometer (Entomed, 
Malmö, Sweden), at the frequencies of 0.5, 1, 2, 3, 4, and 6 kHz 
(18). The arithmetic mean of the pure tone thresholds at 0.5, 1, 
2, 3, 4, and 6 Hz was considered the mean hearing threshold. 
HI was diagnosed for subjects whose unilateral and/or bilateral 
mean hearing threshold exceeded 25 dB for these thresholds. 

The low-frequency hearing threshold was calculated as the 
average thresholds at 0.5, 1, and 2 kHz. The high-frequency 
hearing threshold was defined as the average thresholds at 3, 
4, and 6 kHz. Low-frequency HI and high-frequency HI was 
diagnosed for subjects whose unilateral and/or bilateral average 
threshold exceeded 25 dB for the relevant thresholds. 

Statistical analyses
All statistical analyses were performed using SPSS software 

(version 22.0, SPSS Inc., Chicago, IL), and the level of 
statistical significance was set at a p-value of <0.05. Complex-
sample analyses were performed to account for the stratified 
multi-stage clustered probability design and weights in 
KNHANES. General linear regression analysis was performed 
to compare the differences between continuous variables. Chi-
squared analysis was performed to compare the differences 
between nominal variables. Multivariate logistic regression 
analysis was performed to evaluate the associations between HI 
and the variables that were of interest. 

Results

Population characteristics
We included a total of 16,799 subjects (age, ≥19 years old) 

who had undergone pure tone audiometry during the fifth 
KNHANES (2010–2012). The study population consisted 
of 7,170 men (42.7%) and 9,629 women (57.3%), with a 
mean age of 50 years (standard deviation: 16.45 years, range: 
19–97 years). Among these subjects, 4,161 subjects (24.8%) 
had MS. Subject characteristics are listed in Table 1, and 
the weighed characteristics of subjects with MS are listed in 
Table 2. The weighted prevalence of MS among Korean adults 
was 22.3%, and the prevalence of HI was 31.7%. Among the 
subjects who had MS, 46.8% also had HI, and there was a 
significant difference in the prevalence of HI when subjects 
were compared according to MS status (p < 0.001).

Weighted results of the self-report questionnaires 
regarding hearing status

Subjects with MS reported significantly more subjective 
hearing discomfort that the subjects who did not have MS 
(p < 0.001) (Table 3). Regarding the use of hearing aids or 
cochlear implants, subjects with MS tended to use these hearing 
amplifiers more often than the subjects who did not have 
MS. Although the prevalence of tinnitus was not significantly 
different when subjects were stratified according MS status, 
subjects with MS reported that they experienced significantly 
more lifestyle discomforts (p < 0.001).

Pure tone audiometry results according to MS status 
The weighted mean hearing thresholds for subjects with 

MS was 24.9 dB in the right ear and 25.6 dB in the left ear, 
and these were significantly higher than those for the subjects 
who did not have MS (right ear: 17.0 dB, left ear: 17.4 dB; 
both, p < 0.001) (Figure 1). When the thresholds were analyzed 
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according to frequency, significantly higher hearing thresholds 
were observed for both ears among subjects with MS for all 
tested frequencies (p < 0.001) (Figure 2).

Association between HI and MS or individual metabolic 
components 

Bivariate analysis and multivariate logistic regression 
analysis was performed to examine the association between 
HI and MS or the individual metabolic risk factors (Table 
4). Bivariate analysis revealed that all of the tested variables 
were significantly associated with HI (p < 0.001), with the 

exception of diet therapy (p = 0.256). However, after adjusting 
for age, sex, BMI, economic status, education level, a history of 
smoking, alcohol consumption, diet therapy, and occupational 
noise exposure, the multivariate logistic regression analysis 
revealed that MS (odds ratio [OR]: 0.8, 95% confidence 
interval [CI]: 0.5–1.2) itself was not an independent risk factor 
for HI. Among the individual metabolic components, only 
increased FBG (OR: 1.4, 95% CI: 1.1–1.8) was independently 
associated with HI. In addition, older age, male sex, very 
low BMI (≤17.5 kg/m2), lower education level, a history of 
smoking, and occupational noise exposure was independently 
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Table 1
Baseline characteristics of the study subjects

Total population With MS Without MS P-value
(n = 16,799) (n = 4,161) (n = 12,638)

Age 50.4 ± 16.4 58.5 ± 13.5 47.7 ± 16.4 <0.001
Sex (Male (%)/Female (%)) 7,170 (42.7)/9,629(57.3) 1,268 (45.9)/1,497 (54.1) 3,368 (41.2)/4,816 (58.8) <0.001
Height (cm) 162.1 ± 9.2 161.5 ± 9.8 162.4 ± 9.0 <0.001
Weight (kg) 62.4 ± 11.6 68.4 ± 12.3 60.4 ± 10.7 <0.001
Body mass index (kg/m2) 23.7 ± 3.4 26.1 ± 3.2 22.8 ± 3.0 <0.001
Waist circumference (cm) 81.2 ± 11.4 89.7 ± 8.3 78.5 ± 11.0 <0.001
Systolic blood pressure (mmHg) 119.9 ± 17.4 130.8 ± 16.2 116.3 ± 16.2 <0.001
Diastolic blood pressure (mmHg) 76.2 ± 10.5 80.8 ± 11.0 74.6 ± 9.9 <0.001
Fasting plasma glucose (mg/dL) 97.8 ± 22.1 112.0 ± 29.2 92.9 ± 16.3 <0.001
Total cholesterol (mg/dL) 189.5 ± 36.5 196.5 ± 40.5 187.8 ± 34.7 <0.001
Triglyceride (mg/dL) 131.7 ± 105.2 208.6 ± 142.8 105.1 ± 71.4 <0.001
HDL cholesterol (mg/dL) 52.6 ± 12.8 44.2 ± 9.8 55.5 ± 12.4 <0.001
Smoking (n = 16,591)
Non-smoker (%)/ 9,837 (59.3) 2,255 (54.4) 7,582 (60.9) <0.001
Smoker (%) /6,754 (40.7) /1,889 (45.6) /4,865 (39.1)
Alcohol consumption, n (%) 8,614 (51.3) 2,018 (49.4) 6,596 (53.5) <0.001
Household income, n (%)
Lower class 3,174 (19.1) 1,134 (27.7) 2,040 (16.3) <0.001
/Lower-middle /4,291 (25.9) /1,082 (26.4) /3,209 (25.7)
/Upper-middle /4,530 (27.3) /973 (23.7) /3,557 (28.5)
/Upper class /4,597 (27.7) /912 (22.2) /3,685 (29.5)
Education level, n (%)
Elementary school 4,063 (24.6) 1,601 (39.1) 2,462 (19.9) <0.001
/Middle school /1,814 (11.0) /617 (15.1) /1,197 (9.7)
/High school /5,591 (33.9) /1,092 (26.6) /4,499 (36.3)
/University /5,024 (30.5) 788 (19.2) /4,236 (34.2)
Diet therapy, n (%) 3,748 (25.2) 1,105 (29.9) 2,643 (23.6) <0.001
Occupational noise exposure (n = 5,274) 697 (13.2) 171 (12.8) 526 (13.4) 0.559
Data are shown as mean ± standard deviation for continuous variables or number (%) for categorical variables. P-value was calculated by t-statistics for continuous variables and by chi-
square test for categorical variables. MS; metabolic syndrome, HDL; high-density lipoprotein. 



associated with HI (Table 4). 

Figure 1
Comparison of mean hearing thresholds according to metabolic 

syndrome status

Error bars indicate the minimum and maximal mean hearing threshold. 

Figure 2
Comparison of pure tone thresholds at each frequency 

according to metabolic syndrome status

MS; metabolic syndrome. Error bars indicate the standard error. 

Regarding the affected frequencies, older age, lower 
educational level, lower economic status, and very low 
BMI (≤17.5 kg/m2) were significantly associated with low-
frequency HI. Similarly, older age, low educational level, and 
lower economic status were significantly associated with high-
frequency HI. In addition, male sex, elevated blood pressure 
or antihypertensive treatment, lower HDL-C, and a history of 
smoking were independent risk factors for high-frequency HI 
(Table 5). 

Discussion

In this study of data from a large population-based survey, 
we found that MS itself was not an independent risk factor 
for HI, and, among the individual metabolic components, 
only increased FPG was independently associated with HI. 
Although not presented as outcomes in this study, we also 
found that the number of included independent metabolic risk 
factors, or combination of the specific individual metabolic 
risk factors that were used to diagnose MS, were not associated 
with prevalence of HI. These findings indicate that MS alone, 
as diagnosed using the typical criteria, did not account for 
all of HI that we observed. This result is consistent with the 
findings of Chang et al. that have reported an insignificant 
relationship between MS and age-related HI (ARHI) (19). All 
of these suggest that the impact of MS itself on hearing may be 
lower less than expected. Rather, clinician should pay special 
attention to the glycemic control in MS patients for prevention 
of HI. reassurance to MS patients who are supersensitive to 
their medical conditions can also be achieved by explaining our 
results in clinical practice. 

Smoking and diabetes have been reported to be associated 
with elevated hearing thresholds at frequencies of 0.5–8 Hz, 
according to data from the National Health and Nutrition 
Examination Survey (NHANES) in the US (13). Similarly, 
a recent meta-analysis has demonstrated that HI was 2.1-
fold more prevalent in patients with diabetes than in patients 
without diabetes, and that result was independent of the 
subjects age (20). Furthermore, levels of hemoglobin A1C 
and creatinine have been reported to be associated with the 
occurrence or progressive deterioration of HI in patients with 
diabetes (21, 22). The cause for this association may be related 
to changes in anatomic structures, such as those induced by 
microangiopathy, degeneration of the stria vascularis, or loss of 
cochlear outer hair cells regardless of treatment with insulin or 
oral hypoglycemic drugs (23).

Although one previous study has reported that the 
prevalence of low-frequency and high-frequency HI 
was increased among patients with diabetes (24), we did 
not observe an association between frequency-specific HI 
and diabetes in this study. Instead, high-frequency HI was 
associated with elevated blood pressure and/or antihypertensive 
treatment, as well as lower HDL-C, while low-frequency HI 
was not associated with MS or any of the individual metabolic 
components. 

The association between hypertension and HI remains 
controversial. In our study, hypertension was not an 
independent risk factor for HI, and similar results have been 
reported using data from NHANES (24). In contrast, other 
studies with smaller sample sizes have often reported positive 
results. For example, one study of 154 pairs cases (45–64 years 
old) found that there was a significant association between 
hypertension and an increased hearing threshold, and the 
authors insisted that hypertension may be one of the risk factors 
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Table 2
Weighted prevalence of metabolic syndrome, individual metabolic components, and hearing impairment

Total population (95% CI) With MS (95% CI) Without MS (95% CI) P value
Metabolic syndrome 22.3±0.4  (21.5-23.1) - - -
Abdominal obesity 24.6±0.5 (23.6-25.6) 66.5±1.1 (64.4-68.5) 12.6±0.4 (11.7-13.5) <0.001
BMI ( kg/m2) <0.001
   ≤17.5 1.8±0.1 (1.6-2.1) 0.1±0.1 (0.1-0.3) 2.3±0.2 (2.0-2.7)
   17.6-20.0 12.2±0.4 (11.5-12.9) 1.6±0.2 (1.2-2.1) 15.3±0.4 (14.5-16.2)
   20.1-22.5 24.9±0.4 (24.1-25.8) 8.5±0.6 (7.4-9.7) 29.7±0.5 (28.7-30.8)
   22.6-25.0 28.8±0.4 (27.9-29.6) 24.3±0.9 (22.5-26.1) 30.1±0.5 (29.1-31.1)
   25.1-30.0 27.6±0.5 (26.7-28.5) 52.9±1.1 (50.8-55.0) 20.2±0.5 (19.2-21.2)
   30.1- 4.6±0.2 (4.2-5.1) 12.6±0.7 (11.3-14.1) 2.3±0.2 (1.9-2.7)
Increased triglyceride 27.6±0.4 (26.7-28.5) 73.1±0.9 (71.3-74.9) 14.5±0.4 (13.8-15.3) <0.001
Low HDL-C 28.7±0.4 (27.9-29.6) 63.7±1.0 (61.8-65.6) 18.7±0.5 (17.8-19.6) <0.001
Increased BP 36.4±0.6 (35.3-38.6) 79.6±0.9 (77.8-81.3) 24.1±0.6 (22.9-25.2) <0.001
Increased FPG 25.2±0.5 (24.3-26.2) 67.1±0.9 (65.3-68.9) 13.2±0.4 (12.4-14.0) <0.001
HI 30.8±0.5  (29.7-31.9) 46.8±1.0 (44.8-48.8) 26.2±0.5 (25.2-27.3) <0.001
Low-frequency HI 17.7±0.5  (16.8-18.6) 27.2±0.9 (25.5-28.9) 14.9±0.5 (14.0-15.9) <0.001
High-frequency HI 41.0±0.6  (39.8-42.1) 60.3±1.0 (58.2-62.3) 35.4±0.6 (34.3-36.6) <0.001
Data are shown as mean ± standard error for continuous variables or number (%) for categorical variables. P-value was calculated by t-statistics for continuous variables and by chi-square 
test for categorical variables. MS; metabolic syndrome, CI; confidence interval, BMI; body mass index, HDL-C; high density lipoprotein cholesterol, BP; blood pressure, FPG; fasting 
plasma glucose, HI; hearing impairment

Table 3
Weighed results of the self-report questionnaires regarding hearing status

With MS Without MS P-value
Subjective hearing status <0.001

Not uncomfortable 83.7 ± 0.7 89.1 ± 0.4
Mild uncomfortable 13.2 ± 0.6 8.8 ± 0.3
Very much uncomfortable 2.7 ± 0.3 1.6 ± 0.1
Deaf 0.3 ± 0.1 0.2 ± 0.1

Hearing aids or cochlear implant use 0.026
Yes 0.7 ± 0.2 0.4 ± 0.1
Yes, I have one but I do 
not use it

0.2 ± 0.1 0.2 ± 0.0

No 98.9 ± 0.2 99.2 ± 0.1
Tinnitus 0.081

Yes 22.5 ± 0.8 21.0 ± 0.5
No 77.0 ± 0.8 78.5 ± 0.6

Discomfort of living due to tinnitus <0.001
Not uncomfortable 91.3 ± 0.5 93.7 ± 0.3
Troublesome 7.7 ± 0.5 5.5 ± 0.3
Sleep disturbance 0.9 ± 0.2 0.6 ± 0.1

Data are shown as percentage ± standard error. The chi-square test was used to calculate the P-value. MS: metabolic syndrome.
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Table 4
Association between hearing impairment and various risk factors, including metabolic syndrome and individual metabolic  

components

Risk factor Hearing impairment (weighted) Adjusted OR (95% CI)
Age

19-39 y 6.7±0.5 1.0
40-64 y 35.4±0.7 5.5 (3.7-8.0)
65- y 85.8±0.7 35.4 (21.9-57.0)

Sex
Male 35.0±0.8 2.1 (1.5-2.9)
Female 26.7±0.6 1.0

BMI
-17.5 kg/m2 26.1±3.3 3.5 (1.2-9.6)
17.6-20.0 kg/m2 22.4±1.1 0.8 (0.6-1.2)
20.1-22.5 kg/m2 27.3±0.9 1.0
22.6-25.0 kg/m2 35.3±0.9 1.1 (0.8-1.5)
25.1-30.0 kg/m2 34.7±0.9 0.9 (0.7-1.2)
30.1- kg/m2 24.2±2.0 0.7 (0.4-1.2)

Household income
Lower 56.8±1.5 1.5 (1.0-2.4) 
Lower middle 30.8±0.9 1.4 (1.0-1.8)
Upper middle 24.3±0.9 1.3 (1.0-1.7) 
Upper 22.7±0.8 1.0

Education level
Elementary school 68.7±1.0 3.5 (2.2-5.3)
Middle school 45.5±1.5 2.0 (1.3-3.1)
High school 21.9±0.7 1.5 (1.1-2.0)
University 14.9±0.7 1.0

Smoking
Yes 35.2±0.8 1.4 (1.0-1.8)
No 26.8±0.6 1.0

Drinking
Yes 27.5±0.7 1.0 (0.8-1.2)
No 34.7±0.7 1.0

Diet therapy
Yes 30.9±1.0 0.9 (0.7-1.2)
No 32.1±0.6 1.0

Occupational noise exposure
Yes 39.7±2.3 1.3 (1.0-1.8)
No 28.3±1.0 1.0

Abdominal obesity
Yes 38.6±1.0 1.0 (0.7-1.4)
No 28.3±0.6 1.0

Increased BP
Yes 47.9±0.8 1.3 (0.9-1.6) 
No 21.3±0.6 1.0

Increased FPG
Yes 46.9±0.9 1.4 (1.1-1.8)
No 25.4±0.6 1.0

Increased triglyceride
Yes 38.4±0.9 1.1 (0.8-1.4)
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No 27.9±0.6 1.0
Low HDL-C

Yes 36.1±0.9 1.3 (1.0-1.8)
No 28.7±0.6 1.0

Metabolic syndrome
Yes 46.8±1.0 0.8 (0.5-1.2)
No 26.2±0.5 1.0

Data are shown as percentage ± standard error. Adjusted odd ratios are presented as odds ratio (95% confidence interval). OR; odds ratio, CI; confidence interval, BMI; body mass index, 
BP; blood pressure, FPG; fasting plasma glucose, HDL-C; high density lipoprotein cholesterol. 

Table 5
Association between frequency-specific hearing impairment and various risk factors, including metabolic syndrome and indivi-

dual metabolic components 

Risk factor Low-frequency HI High-frequency HL
Adjusted OR (95% CI) Adjusted OR (95% CI)

Age
19-39 y 1.0 1.0
40-64 y 4.6 (2.8-7.6) 6.3 (4.7-8.6)
65- y 18.8 (10.7-33.0) 41.8 (26.3-66.6)

Sex
Male 1.1 (0.8-1.6) 2.8 (2.1-3.8)
Female 1.0 1.0

BMI
-17.5 kg/m2 4.1 (1.4-11.4) 2.5 (0.9-6.9)
17.6-20.0 kg/m2 1.0 (0.6-1.5) 1.0 (0.7-1.5)
20.1-22.5 kg/m2 1.0 1.0
22.6-25.0 kg/m2 1.0 (0.7-1.4) 1.1 (0.9-1.5)
25.1-30.0 kg/m2 0.7 (0.5-1.0) 0.9 (0.6-1.3)
30.1- kg/m2 0.6 (0.3-1.3) 0.7 (0.4-1.3)

Household income
Lower 1.7 (1.1-2.5) 1.7 (1.1-2.6)
Lower middle 1.2 (0.9-1.7) 1.1 (0.9-1.5)
Upper middle 1.3 (0.9-1.8) 1.3 (1.0-1.7)
Upper 1.0 1.0

Education level
Elementary school 3.2 (2.0-5.0) 4.5 (3.1-6.4)
Middle school 2.3 (1.4-3.8) 2.1 (1.4-3.1)
High school 1.7 (1.1-2.7) 1.3 (1.1-1.8)
University 1.0 1.0

Smoking
Yes 1.3 (0.9-1.8) 1.5 (1.1-2.0)
No 1.0 1.0

Drinking
Yes 0.9 (0.7-1.1) 0.9 (0.7-1.2)
No 1.0 1.0

Diet therapy
Yes 0.8 (0.7-1.0) 0.9 (0.7-1.1)
No 1.0 1.0

Occupational noise exposure
Yes 1.2 (0.9-1.6) 1.2 (0.9-1.5)
No 1.0 1.0
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that are responsible for accelerating degeneration in ARHI 
(25). In addition, the influence of hypertension on hearing may 
vary according to sex, as other studies have demonstrated that 
an association exists between high systolic blood pressure and 
low-frequency hearing loss among elderly women (26). 

Unlike LDL-C, high HDL-C is a protective factor for 
cardiovascular disease (27), and low HDL-C has been reported 
to increase the risk of low/mid-frequency HI by 2·2-fold (24). 
From an anatomic perspective, high cholesterol affects both 
the inner ear blood supply and also the lateral wall stiffness of 
the cochlear outer hair cells (28, 29). Whereas, others reported 
that the association between lipid level and hearing loss was 
so small in a cross-sectional study and this association was 
no longer significant in longitudinal analysis (30). Given that 
there was no significant association between HDL-C levels 
and HI in our study, except for a small relationship between 
high-frequency HI and low HDL-C levels, we assume that our 
results partially support the absence of a relevant relationship. 

Among the individual metabolic components, abdominal 
obesity has been reported to be an independent risk factor 
for ARHI, independent of BMI (31). Regarding sex-specific 
analysis, waist circumference was associated with poor 
central auditory function among older male subjects, and an 
association between visceral adipose tissue and HI has been 
reported among women who are ≥40 years old (32). However, 
our findings do not support a significant association between 
abdominal obesity and HI; therefore, we assume that hearing is 
likely not affected by abdominal obesity. 

Finally, we found that the very low BMI (≤17.5 kg/m2) 
increased the risk of HI by 3.5-fold and the risk of low-
frequency HI by 4.1-fold. Similarly, very low BMI was 
associated with a high risk of death among Asian subjects (33). 
In contrast, a European multi-center study has demonstrated 

that high BMI was related to HI, and a recent Danish study 
has indicated that high BMI and low-frequency HI may be 
associated (15, 34). We assume that the differences in these 
associations may be caused by ethnicity-related differences in 
subject characteristics.

This study contains several limitations. First, we could not 
differentiate between type 1 and type 2 diabetes. Although 
both types of diabetes are reported to be associated with HI in 
previous studies, the effects of diabetes on hearing loss might 
be different according to type. Second, we classified smoking 
status as either smoker or lifetime non-smoker, although a 
dose-dependent effect for smoking has been reported in a 
previous study (15). Third, we did not exclude subjects with 
congenital hearing loss or conductive hearing loss in this study, 
therefore the mixed nature of hearing loss might have affected 
our findings. 

In conclusion, MS itself was not an independent risk factor 
for HI, and, among the individual metabolic components, 
only increased FPG was independently associated with HI. 
In addition, older age, male sex, very low BMI (≤17.5 kg/
m2), low socioeconomic status, a history of smoking, and 
occupational noise exposure were independently associated 
with HI. 
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