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Background: Hearing loss (HL) has been suggested to be associated with impaired microcirculation of the inner
ear. This cross-sectional study aimed to evaluate an association between HL and serum lipid levels.

Methods: The study comprised 10,356 Korean adults who participated in the fifth Korea National Health and Nutri-
tion Examination Survey (2010-2012). We defined HL as the average hearing thresholds exceeding 25 dB at prede-
termined frequency levels by pure tone audiometry. Serum lipid levels were measured using an enzymatic assay.
The associations between lipid levels and HL were evaluated using a multiple logistic regression model after ad-
justing for covariates including age, sex, hypertension, diabetes, smoking status, alcohol, physical activity, educa-
tional level, household income, and noise exposure. Stratified analyses were performed to examine the effect of the
covariates on the association between lipid levels and HL.

Results: The high-density lipoprotein cholesterol (HDL-C) level was inversely associated with high-frequency
(HF)-HL, with an odds ratio (95% confidence interval) of 0.78 (0.64-0.96) for 1-mmol/L increase in the HDL-C lev-
el. Neither the triglyceride nor the low-density lipoprotein cholesterol level was associated with HF-HL. For low-
frequency HL, association with any of the serum lipid components was absent. A stratified analysis showed that the
inverse association between HDL-C levels and HF-HL was evident (P trend <0.05) in some subjects with specific
characteristics such as older age (=65 years), female sex, non-hypertensive state, and non-regular physical activity.
However, a significant interaction between HDL-C levels and all of the stratified variables was absent (P for interac-
tion >0.05).

Conclusion: The HDL-C level has a linear inverse association with the risk of HF-HL. Given the known protective
role of HDL-C against atherosclerotic changes, this finding seems to support the concept of impaired microcircula-
tion in the inner ear as a mechanism for HE-HL.
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INTRODUCTION

According to the World Health Organization estimates, 466 million
people (or 6.1% of the global population) suffered from disabling hear-
ing loss (HL) in 2018, and the number is expected to further increase
with rapid growth of aging population.” In Korea, the prevalence of
disabling HL in speech frequencies (unilateral or bilateral) was esti-
mated to be 10.43% among people >40 years.” HL is a significant
health problem that can deteriorate emotional, behavioral, and social
function, and the quality of life of an affected person. Moreover, HL is
associated with an increased risk of dementia® and mortality.”

In spite of great advancements in medical science, a known effective
treatment for restoring hearing function is lacking. Therefore, preven-
tion of occurrence and progression of HL seems important, which re-
quires understanding the pathogenesis of HL and identification of
modifiable risk factors of HL. HL can be caused by several factors,
which includes cochlear aging, environmental noise exposure and ge-
netic predisposition.” Aging and noise exposure are two well-known
most common causes of HL; whereas other risk factors remain contro-
versial.®

In a cohort study comprising middle-aged population, carotid inti-
ma-media thickness, which reflects subclinical atherosclerosis was
found to have a significant association with HL.” Dyslipidemia is one
of the most important risk factors of atherosclerosis which can be
managed through lifestyle modification and lipid-lowering agents
such as HMG-CoA (B-Hydroxy p-methylglutaryl-CoA) reductase in-
hibitors. Over the last several decades, the prevalence of dyslipidemia
among Koreans has been gradually increasing,® which may be closely
related to the recent increase in morbidity and mortality from athero-
sclerosis-related cardiovascular diseases.” Therefore, it would be
meaningful to clarify whether the higher serum lipid level is causally
associated with HL.

Several studies have addressed this issue. However, the findings
were inconsistent between the studies and the relation between the
role of dyslipidemia and HL still remains unclear.'¥

Therefore, we conducted this study in a large number of Korean
adults. Additionally, we also evaluated the factors that may modify the
relation between HL and dyslipidemia.

METHODS

1. Study Subjects

Study subjects comprised 10,356 Korean adults (4,509 males and 5,847
females) aged >40 years, who had undergone both audiometry and
laboratory tests for the fifth Korea National Health and Nutrition Ex-
amination Survey (KNHANES, 2010-2012). The KNHANES was a na-
tion-wide survey consisting of a health survey, nutrition survey, and
medical examinations conducted in a representative sample of Korean
population selected through a complex multi-stage probability sam-
pling. Among the initial 18,185 participants of the survey, 7,829 per-

sons were excluded from the study because of the following reasons:
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<40 years (6,880 persons), history of otitis media (775 persons), hear-
ing aid use or on cochlear implant (64 persons), abnormal findings on
external ear examination (five persons), external auditory meatus ste-
nosis (45 persons), tympanic abnormality in the otoscope (25 per-
sons), and those who had restricted daily life and social activities be-

cause of hearing problems (35 persons).

2. Audiometric Measurement and Frequency-Specific
Hearing Loss

Pure tone audiometry test at six frequency levels (500, 1,000, 2,000,
3,000, 4,000, and 6,000 Hz) was performed by trained medical doctors,
using an automated diagnostic audiometer (SA 203; Entomed, Malmo,
Sweden) in a double-walled audiovisual booth. We defined HL on the
basis of average hearing thresholds at predetermined frequency levels.
Low-frequency hearing loss (LF-HL) was defined as the average hear-
ing thresholds exceeding 25 dB at three lower test frequencies (500,
1,000, and 2,000 Hz). High-frequency hearing loss (HF-HL) was de-
fined as the average hearing thresholds exceeding 25 dB at three high-
er test frequencies (3,000, 4,000, and 6,000 Hz).

3. Lipid Measurement

Lipid levels including total cholesterol (TC), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C) were measured by enzymatic
method using an automated analyzer (Hitachi Automatic Analyzer
7600; Hitachi, Tokyo, Japan) after at least 12 hours of overnight fasting.

For assessing the level of serum low-density lipoprotein cholesterol
(LDL-C), both direct measurement by an enzymatic homogenous as-
say using an automated analyzer (Hitachi Automatic Analyzer 7600;
Hitachi) and estimation with Friedewald’s formula were used. For the
study subjects who participated in the survey between 2010 and 2011,
direct measurements of LDL-C levels were performed. In the 2012 sur-
vey, LDL-C was directly measured in some subjects whose serum TG
level exceeded 200 mg/dL, while in other subjects who had lower TG,
LDL-C level was calculated using Friedewald’s formula.

The study subjects were categorized into two groups according to
the cut-off level of dyslipidemia for each lipid component recom-
mended by the Korean society of lipid and atherosclerosis': TC >200
mg/dL, TG 2150 mg/dL, HDL-C for male <40 mg/dL and for female
<50 mg/dL, and LDL-C 2130 mg/dL. To investigate the association of
serum lipid levels and HL, study subjects were classified into four
groups according to the quartile distribution of each lipid profile. In
addition, different cut-off levels in quartiles only for HDL-C were used

for males and females.

4. Other Variables

Trained research nurses measured blood pressure (BP) three times
while study subjects were sitting, and the averaged value of second
and third measurement was used for analysis. Hypertension was de-
fined as systolic blood pressure =140 mm Hg, diastolic blood pressure
>90 mm Hg, or currently taking blood pressure lowering medication.'”
Diabetes was defined by high fasting glucose levels (=126 mg/dL), or
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hemoglobin Alclevels 26.5, or currently taking glucose-lowering treat-
ment.

Information on demographic and socioeconomic characteristics
(household income, education level), lifestyle factors (smoking status,
alcohol consumption, and regular physical activity), past medical his-
tories, noise exposure history, and protection for noise exposure were
collected using a self-administered standardized questionnaire of
KNHANES. We defined “noise exposure” as satisfying at least one of
the following: workplace noise exposure, noise exposure other than
workplace, sudden noise exposure, or the use of earphone in a loud
environment. To check workplace noise exposure, we used a question
asking whether the subjects had ever worked for more than 3 months
in an environment with loud noise such as mechanical sound or gen-
erator-making sound. Other place noise exposure was checked by a
question asking whether the subject had ever been exposed to loud
noise at least 5 hours a week in a place other than the workplace. We
checked sudden noise exposure by the following question: “Have you
experienced a sudden loud noise such as gunshot or blowing sound?”
We checked the use of earphone in a loud environment by the answer
“yes” to the following question: “Have you used earphone to listen to
loud music in a loud environment such as bus or subway?” We also
checked protection from workplace noise and sudden loud noise,
which was defined by the answer “yes” to the following question: “Did
you use an earplug or earmuff to protect hearing?”

For smoking status, study subjects were classified into two groups:
“never-smoker” for persons who had never smoked or had smoked
<100 cigarettes in his or her lifetime; “ever-smoker” for persons who
had smoked at least 100 cigarettes in his or her lifetime.'”

Regular physical activity was defined by satisfying at least one of the
following: vigorous-intensity activity in a bout of at least 20 minutes
duration for >3 days a week; moderate-intensity activity in a bout of at
least 30 minutes duration for =5 days a week; walking in a bout of at

least 30 minutes for >5 days a week.

5. Statistical Analysis
All analyses were conducted considering the complex design and
sampling weight used for the fifth KNHANES. Descriptive data were
presented as number (%) for categorical variables and meanz+standard
deviation for continuous variables. The chi-square test, Cochrane-
mantel-Haenzel test, and t-test were performed to evaluate univariate
associations between baseline characteristics and HL. Odds ratios and
95% confidence intervals were estimated using the multiple logistic re-
gression analysis to examine the independent associations between
serum lipid profiles and frequency-specific HL. Age, sex, noise expo-
sure, education, household income, smoking status, alcohol con-
sumption, physical activity, and hypertension were included as covari-
ates in the logistic regression model, given their relations with age-re-
lated HL in previous studies.>'>'

Additionally, we evaluated whether age, sex, noise exposure, hyper-
tension, diabetes, smoking, alcohol consumption, or regular physical

exercise modified the associations between serum lipid profiles and
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frequency-specific HL by using stratified analyses considering two dif-
ferent levels by each variable. Finally, sensitivity analyses were per-
formed after excluding study subjects who reported taking dyslipid-
emia medication.

We used the SAS ver. 9.4 (SAS Institute Inc., Cary, NC, USA) for the
statistical analyses. P-value <0.05 was considered statistically signifi-

cant for all the analyses.

6. Ethics Statement

The Institutional Review Board of Samsung Medical Center approved
the present study (SMC-2019-09-105). The institutional review board
waived informed consent because the data used for this study do not
include any identifiable personal information and was opened to pub-

lic for health research.

RESULTS

Table 1 shows the distribution of general characteristics of study sub-
jects. Among the 10,356 study subjects aged =40 years, 29.3% had a LF-
HL and 63.9% had a HF-HL. LF-HL was more prevalent with increase
in age (P trend <0.001). Gender had no effect on the LF-HL prevalence.
Subjects who had reported taking medications for dyslipidemia, hy-
pertension, and diabetes, and who had low HDL-C, lower income lev-
el, and lower education level, were more likely to have LF-HL. Ever-
smokers and subjects who did not perform regular physical activity
were more likely to have LF-HL. Compared to non-drinker, drinkers
showed lower prevalence of LF-HL. Previous noise exposure was un-
related to LE-HL. The prevalence of LF-HL was lower among the sub-
jects who reported earphone use in a loud environment.

Prevalence of HF-HL increased gradually with increase in age (P
trend <0.001). HF-HL was more prevalent among men compared to
women. Subjects who had reported taking medications for dyslipid-
emia, hypertension, diabetes, higher TG, lower HDL-C, and with lower
income, or lower education level were more likely to have HF-HL. Ev-
er-smokers and subjects who were involved in regular physical activity
were more likely to have HF-HL. A J-shaped relation was observed be-
tween alcohol consumption and HF-HL. Subjects with previous expo-
sures to workplace noise and sudden loud noise were more likely to
have HF-HL, while subjects who used earphone in a loud environ-
ment were less likely to have HF-HL. Subjects with a previous history
of using protection for workplace noise and sudden loud noise had a
higher prevalence of HF-HL than those who did not use protection.

Table 2 shows the relation of lipid profile with LF-HL and HF-HL
evaluated by multiple logistic regression analysis after adjusting for co-
variates shown in Table 1. Any of the lipid profiles was not associated
with LF-HL. TC, TG, and LDL-C were also not associated with HE-HL.
However, as compared with the lowest HDL-C group, higher HDL-C
group had a significantly lower risk of HF-HL (P trend <0.05); the high-
est quartile HDL-C group was 22% less likely to have a HF-HL.

Table 3 shows the findings from stratified analysis. The multiple lo-

gistic regression analysis after adjusting for covariates was repeatedly
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done in each two different strata for age, sex, hypertension, diabetes,
smoking, alcohol consumption, physical exercise, and noise exposure.
The inverse association between HDL-C and HF-HL was evident (P
trend <0.05) in the limited subjects who were older (=65 years), female,
non-hypertensive and non-regular physical exerciser. However, signif-
icant interactions between HDL-C and age, hypertension, diabetes, al-
cohol drinking, regular physical activity, and noise exposure were ab-
sent (P for interaction >0.05).

Supplements 1 and 2 shows the findings from analyses after exclud-
ing the 906 subjects (8.5%) who had reported taking lipid-lowering
medications. For HDL-C, the findings from the new analyses did not
differ from the findings before excluding the 906 subjects. In contrast,
both TC (per 1 mmol/L) and LDL-C (per 1 mmol/L) were associated
with HF-HL (P trend <0.05) after excluding the 906 subjects, whereas
significant association between TC and HF-HL, and between LDL-C

and HF-HL in main analysis was absent.

DISCUSSION

In this large-sized cross-sectional study in Korean adults aged over 40
years, we found that higher HDL-C level was associated with lower risk
of HF-HL. The highest quartile HDL-C group was 27% less likely to be
affected by HF-HL, compared with the lowest quartile HDL-C group.
However, we could not identify a significant association between HL
and TG or LDL-C.

Studies on the relation between dyslipidemia and HL have shown
inconsistent findings. A study using KNHANES data reported that dys-
lipidemia was not associated with HL in young adult population aged
30-49 years."” We think this null association was probably because de-
generative changes involved in the development of HL were less likely
to be evident in this young age group included in the Korean study. In
addition, over-adjustment might have resulted in such a null associa-
tion, provided that the levels of each lipid component were included
in multivariable-adjusted analytic model. A retrospective case-control
study including 1,490 patients in a neuro-otology clinic, found that
hearing thresholds were significantly better in those with increased TC

levels after considering age and sex,"”

negating the hazardous effect of
dyslipidemia on HL. However, this study did not consider the con-
founding effects of covariates like noise exposure. In a study of 837 el-
derly (mean age, 67.5 years), HL had no association with TC, HDL-C,
and LDL-C after controlling age, sex, and use of lipid-lowering medi-
cations or anti-inflammatory medications. Although a positive associ-
ation between 1) TG and HL, and 2) the ratio of TC to HDL and HL was
found in a cross-sectional analysis, the association was no longer ob-
served in a longitudinal analysis.'” A systematic review including six
case-control studies found no significant difference in TC and LDL-C
concentrations between the sudden sensory neural hearing loss
(SSNHL) case and control groups.'” On the other hand, as found in
our study, several studies have suggested that worse lipid profile may
have a significant relation with HL; although, most of the studies fo-

cused on SSNHL. A case-control study on 324 patients (mean age,
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49.64 years) with SSNHL and 972 control subjects with normal hearing
selected from the KNHANES data found that elevated TC and TG lev-
els were associated with a higher risk of SSNHL after controlling for
age, sex, height, and underlying diseases.'¥ The findings indicate that
vascular compromise may play an important role in the pathogenesis
of SSNHL. Several studies have also focused on age-related HL. In a
study on 180 elderly (=65 years) patients with bilateral HL, patients
with hypercholesterolemia had worse HL than patients with normal
lipid serum levels, suggesting that hypercholesterolemia is associated
with age-related HL, possibly by an atherosclerotic mechanism.'?
However, this study did not investigate the relation of HL with individ-
ual lipid components. Therefore, further studies are required to pro-
vide sufficient level of evidence to clarify the relation between lipid
components and HL.

Aging and noise are the most common etiological factors involved
in the development of HL in the adult population. Age-related hearing
loss (ARHL) is a gradual and irreversible age-dependent decline of the
auditory function, being reflected as a progressive increase in auditory
thresholds, mainly in the high-frequency range. Noise-induced hear-
ing loss (NIHL) is the consequence of overexposure to loud noise,
characterized by a permanent increase in auditory thresholds (perma-
nent threshold shift).

Hair cell damage has been known as a key contributor to the HL in
both NTHL and ARHL." Hair cell damage and death are observed in
minutes to hours after acoustic overexposure, while death of spiral
ganglion cells is delayed by months to years.” Dyslipidemia can con-
tribute to HL as a main risk factor of atherosclerosis.?” Since the co-
chlear artery supplied by the labyrinthine artery is the only circulation
for the cochlea without collaterals, blood viscosity elevation by dyslip-
idemia may exert significant impact on cochlear microcirculation.
Moreover, atherosclerosis may cause excess generation and accumu-
lation of free radicals, which may further contribute to ischemia-in-
duced cochlear injury.” In addition to hair cell damage, a recent study
has suggested the role of synaptic connections between hair cells and
cochlear neurons in both NIHL and ARHL, by reporting that synaptic
connections between hair cells and cochlear neurons could be de-
stroyed easily before the hair cells are damaged, which is called co-
chlear synaptopathy.” Up to 50% of inner hair cell synapses can be
destroyed across large cochlear regions by exposures to lower level of
noise that produces only a temporary threshold shift and may leave all
hair cells intact.” Under normal aging process, a person without ex-
plicit otologic disease can also show dramatic cochlear neuropathy in
regions of minimal hair cell loss.*)

Although interaction was not significant, we found that the associa-
tion between HDL-C and HF-HL was evident in old age group (=65
years); however, not in younger age group. Provided that HF-HL in the
elderly mainly consists of ARHL, HF-HL in old age group is more likely
to be causally related to the reduction and disturbance of cochlear
blood flow in advance followed by substantial hair cell damage. Hence,
protective effect of high HDL-C against dysregulation of blood flow in

cochlea might be more distinct in old age group. Meanwhile, cochlear
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synaptopathy is a more plausible mechanism underlying HF-HL in
young age group, because younger adults might have insufficient time
for cochlear blood flow to progress to the advanced dysfunction. In
consistent with our findings, no association between HDL-C and HF-
HL in young age group was found.

Interestingly, we found that the association between HDL-C level
and HF-HL was evident in the noise-exposed subjects (P trend=0.056),
but not in the noise un-exposure group. Similarly, Axelsson and Lind-
gren®” reported that the risk of acquiring HF-HL in males aged over 50
years was evident in people who had worked in noisy environments
and had a high serum cholesterol level. As aforementioned, noise can
synergistically interact with atherosclerosis by leading to the overpro-
duction and accumulation of free radicals that lead to ischemic-co-
chlear injury. Although, the effect of noise on auditory aging is still a
matter of debate, noise may modify the onset and progression of
ARHL®

Several population studies reported that severe profound HL is
more prevalent in males than in females.” ARHL in men occurred
earlier”” and more intensely*”; and NTHL from occupational noise ex-
posure was more prevalent in men.? In our study, HF-HL was also
more prevalent in men, which is compatible with the findings of the
previous studies. A study in postmenopausal women reported that the
women using estrogen-only therapy experienced protective effects
against HL compared to the women receiving estrogen-progesterone
combination therapy or control group,* suggesting hormonal effect as
a mechanism explaining the sex difference in HL. Despite the sex dif-
ference in HF-HL prevalence, in our study, the association between
HDL-C and HF-HL had no significant difference between males and
females. Therefore, we assume that sex hormone does not modify the
association between HDL-C and HF-HL.

Our study had some limitations to consider. First, this study was
conducted in a cross-sectional design which may have limitation for
assuring causal association. Second, since KNHANES data does not
provide detailed medication information of participants including
statins and fibrates, misclassification could have caused bias in study
findings, such as underestimation of the association of HL with LDL-C
or TG. However, provided that current lipid-lowering medications ex-
ert trivial influence on HDL-C level, significant bias in the findings re-
lated to HDL-C seems less likely to have occurred. In addition, for
HDL-C, our sensitivity analysis after excluding subjects who reported
taking any kind of lipid-lowering medication did not result in signifi-
cantly different findings compared to the findings of the main analysis.
Third, since LDL-C level was calculated by Friedewald’s formula for
some participants of the 2012 survey instead of direct measurement,
confounding by measurement bias could be involved. Fourth, we can-
not exclude a possibility that the borderline significant findings of the
analysis limited in noise-exposed subjects might have been caused by
insufficient number of subjects with noise exposure. Fifth, we assessed
noise exposure on the basis of self-report, which might have caused
bias in study findings. Finally, we could not assess cumulative amount

of noise exposure.
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However, our study also has some strength points. First, we could
evaluate the relation between individual lipid component and HL.
Second, our study included large size of study subjects from
KNHANES who are highly representative of Korean population. Third,
we could mitigate confounding effects by consideration of wide range
of possible covariates.

In conclusion, for clinical practices, HDL-C level has a linear inverse
association with the risk of HF-HL in Korean population, even after
considering the wide range of covariates including cardiovascular risk
factors and noise exposure. Provided the known protective role of
HDL-C against atherosclerotic change this finding seems to support
the impaired microcirculation in the inner ear as a mechanism for HE-
HL.
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