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Abstract: The objective of this study was to examine the association

of estimated glomerular filtration rate (eGFR) and urine albumin to

creatinine ratio (ACR) with hearing impairment among diabetic adults

in Korea. The study was based on data from Korea National Health and

Nutrition Examination Survey 2011 to 2012. Participants were 1206

diabetic adults, aged over 19 years, who completed audiometric testing

supervised by nationally certified clinicians. Hearing impairment was

defined in three grades: no hearing impairment (pure-tone average 0–

25 dB), slight hearing impairment (26–40 dB), and disabling hearing

impairment (>40 dB) in the better ear at frequencies 0.5, 1, 2, 3, 4 and

6 kHz. Using logistic regression, risk of hearing impairment was

assessed after having controlled for confounding factors. Higher levels

of ACR and lower levels of eGFR correlated with an increase in

percentage of disabling hearing impairment both unilaterally and bilat-

erally (P< 0.001). Controlling for possible confounding covariates,

odds ratios for hearing impairment showed tendency to increase in

higher ACR groups (P for trend¼ 0.029). Similar pattern was examined

between eGFR and hearing impairment (P for trend¼ 0.006). Odds

ratios were 1.981 (1.146, 3.424) for ACR Q4 and 2.773 (1.286, 5.983)
a-Eun Nam, MD, n Kim, MD,
Kyungdo Han, and Yong-Gyu Park, PhD

onset of diabetes, education, income, mental stress, noise exposure, and

metabolic syndrome.

(Medicine 95(17):e3423)

Abbreviations: ACR = urine albumin to creatinine ratio, BMI =

body mass index, CI = confidence interval, CKD = chronic kidney

disease, eGFR = estimated glomerular filtration rate, KNHANES =

Korean National Health and Nutrition Examination Survey, OR =

odd ratio, PTA test = pure tone audiometric test.

INTRODUCTION

D iabetes mellitus inflicts systemic damage in various parts
of the human body, affecting eyes, kidneys, nerves, and

vasculature. Diabetes-related hearing impairment is thought to
involve sensorineural and microvascular damages. Trans-
mission by the cochlear nerve and the eighth cranial nerve
are impeded by neuropathic and microangiopathic changes
common in diabetes, and hyperglycemic condition leads to
microvascular damages and oxidative stress to the cochlear
vasculature.1 Hypertension and metabolic syndrome that fre-
quently accompany diabetes exacerbate such damages.

Kidney function has long been known as a prognostic
factor of diabetes, associated with changes in glomerular filtra-
tion rate (GFR) and albumin to creatinine ratio (ACR).2,3

Microvascular damage occurs to an extent in both nephropathy
and hearing impairment, especially in a condition of significant
metabolic imbalance, as in the case of patients with diabetes.
There have been several studies that have separately associated
decreasing estimated glomerular filtration rate (eGFR) or
increasing ACR with hearing impairment.4–7 There has not
yet been a study that has sought to associate the stages of both
eGFR and ACR with varying degrees of hearing impairment
severity among patients with diabetes. The present paper will
seek to confirm this association, and go on to assess whether
it holds independently of demographic, socioeconomic, and
clinical factors.

RESEARCH DESIGN AND METHODS

Study Population and Data Collection
The study was based on the Korea National Health and

Nutrition Examination Survey (KNHANES), a cross-sectional
health examination and survey supervised and conducted by
d Welfare, Korea Centers for Disease
n, and Division of Health and Nutrition
wide surveillance system that aims to
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monitor and ultimately improve health and nutritional status of
the Korean population. KNHANES was initiated in 1998, and
from then on was performed in the following sequence:
KNHANES I (1998), KNHANES II (2001), KNHANES III
(2005), KNHANES IV (2007–2009), KNHANES V (2010–
2012), and KNHANES VI (2013–2015). The target population
of KNHANES is noninstitutionalized Korean citizens residing
in Korea, selected by stratified multi-stage clustered probability
design. While KNHANES I to III had been conducted every
3 years and their data published in bulk, from KNHANES IV
onwards data have been collected and assessed annually on an
all-year-round basis by adopting the Rolling Sampling Survey
method. Every year, 20 households are selected for each
primary sampling unit, and 192 units are drawn from approxi-
mately 200,000 geographically defined primary sampling units.
Health examination, health interview, and nutrition survey are
proceeded after participants sign informed consent forms.

Data used in the present study were retrieved from
KNHANES V, specifically from years 2011 to 2012. A total
number of 16,576 individuals participated in the health inter-
view and examination. From this number, 3717 individuals of
below 19 years of age were excluded. Eleven thousand four
hundred seventy eight non-diabetic individuals were excluded
from the remaining 12,859 participants. Then, 175 cases of
missing data were eliminated. The final study subjects were
1206 in number.

Measurements
eGFR was calculated using the modification of diet in renal

disease study equation.8 ACR was obtained from random urine,
most preferably first-voided spot urine. Pure-tone audiometric
(PTA) testing was conducted using a SA203 audiometer inside a
soundproof audiobooth positioned in the KNHANES mobile
examination center. Trained otolaryngologists certified by the
Korean Society of Otorhinolaryngology performed and super-
vised each test. Standard supra-auricular headphones and but-
tons were handed out to participants aged over 12 years, and
instructions were given by clinicians on the testing method.
Subjects were to push the button when they thought they heard a
tone, and result transmission program would automatically send
and record their responses. Air conduction thresholds were
measured bilaterally, and the threshold was set at a point, which
the subject responded to 50% of given tones. Subjects were
tested on frequencies 0.5, 1, 2, 3, 4, and 6 kHz.

Definitions
Diabetes was defined as fasting blood glucose level

�126 mg/dL (�7.0 mmol/L), based on the diagnostic criteria
published by World Health Organization. The definition also
included respondents who were on diabetes medication and
those who replied ‘‘yes’’ to having been diagnosed of diabetes
by a doctor or health professional.

In terms of eGFR, subjects were allocated into three
groups: eGFR �90 mL/min, 60� eGFR< 90, and eGFR<
60 mL/min. As for ACR, they were categorized into quartiles:
Q1, Q2, Q3, and Q4. To note, the National Kidney Foundation
defined normal and mildly increased range of ACR as<30 mg/g,
moderately increased albuminuria as 30 to 300 mg/g, and
severely increased albuminuria as >300 mg/g.

Hearing impairment was categorized in correspondence to

Cho et al
severity, based on WHO’s guideline on grades of hearing
impairment. In total, subjects were identified into three grades:
no hearing impairment (pure-tone average 0–25 dB), slight
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hearing impairment (26–40 dB), and disabling hearing impair-
ment (>40 dB) in the better ear at frequencies 0.5, 1, 2, 3, 4 , and
6 kHz. KNHANES used PTA >40 dB as a defining criteria of
hearing impairment.

Current smoker was defined as an individual in the habit
of smoking, who has smoked �5 packs in a lifetime. Heavy
drinking was defined as an average of 30 g/day of alcohol
consumption per day. The lowest quartile of income was used
as a representative index of the overall income. Exercise
included moderate exercise of 5 days a week (�30 minutes
per day) and intensive exercise of 3 days a week (�20 minutes
per day). Definitions of mental health were based on partici-
pants’ answers to a questionnaire. Mental stress accounted for
replies that reported significant stress in daily lives, melancholia
for those that acknowledged to have undergone depression for
over 2 consecutive weeks in the recent year, and suicidal
ideation for those that admitted to having thought of committing
suicide at least once in the recent year.

Noise exposure was analyzed in three categories, occu-
pational, leisure-time, and momentary, and defined based on
responses to a questionnaire. Occupational noise exposure was
corresponded to those who replied that they have been in a
working environment heavily exposed to loud sounds of
machines or generators for more than 3 years. Leisure-time
noise exposure was defined as any daytime noise exposure
outside working environment. It included listening to high-
volume music with earphones in a noisy environment, such as a
bus or a subway. It also included noise exposure outside work of
more than 5 hours a week, such as sounds of traffic, machines,
karaoke, or concert music. Loud sounds of gunshots or
explosions were identified as momentary noise exposure.

Hypertension was defined as systolic pressure
�140 mm Hg and diastolic pressure �90 mm Hg, or as use of
antihypertensive medication. Criteria by American Heart
Association and the National Heart, Lung and Blood Institute
& International Diabetes Federation was used in definition of
metabolic syndrome.

Statistical Analyses
Statistical analyses were performed using the SAS 9.2

software (SAS institute, Inc., Cary, NC), combining two sep-
arate data from KNHANES 2011 and 2012. Clinical charac-
teristics of study subjects were presented as mean� standard
error (SE) or as %(SE). P values of less than 0.05 were
considered as statistically significant. Correlation analyses were
utilized to assess and visualize relation between hearing impair-
ment severity and fall in eGFR or rise in ACR. Logarithmic
transformation was performed in analyzing ACR to normally
distribute its variables. Age-, sex-adjusted regression analysis
was then used to examine correlation that eGFR, log albumin to
creatinine ratio (logACR), and glycated hemoglobin (HbA1C)
hold for different degrees of frequencies. Multivariate logistic
regression analysis was used after controlling for demographic,
socioeconomic, and clinical factors. Odds ratios (OR) were
calculated for every eGFR stage and ACR quartile, and indi-
vidual ORs of all factors controlled for in the multivariate model
were included for further information.

RESULTS

Baseline Characteristics
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Mean age of the subjects was 58.6� 0.5. Mean duration of
diabetes was 4.9� 0.2 years and mean HbA1C was 7.3� 0.1%.
Clinical parameters of study participants are compared among
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ACR quartiles (Q1�Q4) in Table 1. Age, the lowest quartile of
income, presence of spouse, duration of diabetes, HbA1C,
hypertension, metabolic syndrome, injury from falls, and
diagnosis of Chronic Kidney Disease (eGFR <60 mL/min)
displayed statistical significance (P< 0.05) in relation to levels
of ACR.

Severity of Hearing Impairment
In Figure 1a and b, percentage of subjects with PTA

�40 dB in both ears decreased from GFR �90 mL/min to
GFR <60 mL/min and also from Q1 to Q4. As for eGFR, both
unilateral and bilateral PTA >40 dB displayed increases from
the lower stage to the next. ACR Q3 to Q4 showed higher
percentages of bilateral PTA >40 dB than Q1, and the percen-
tages increased from Q3 to Q4. ACR Q2 to Q4 displayed higher
percentages of unilateral PTA>40 dB than Q1. In Figure 1c and
d, percentage of subjects without hearing impairment (0–25 dB)
in both ears steadily decreased from a lower eGFR stage to the
next. On the contrary, percentage of those with slight hearing
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impairment (26–40 dB) and disabling hearing impairment
(>40 dB) showed a gradual increase. Similarly, from ACR
Q1 onwards, percentage of subjects without hearing impairment

TABLE 1. Baseline Characteristics of the Korean Adults with Dia
KNHANES 2011, 2012 (n¼1206)

Q1 Q

Age, y 56.6� 0.9 57.4
Male sex (%) 58.1 (3.5) 56
Education� high school (%) 49.6 (3.9) 43.1
Income, lowest quartile (%) 18.9 (2.5) 27.1
Place of residence, rural (%) 19.4 (3.5) 27.9
Presence of spouse (%) 87.1 (2) 83.8
Current smoking (%) 21.9 (3.3) 28.7
Heavy drinking (%)y 10.2 (2.4) 11.3
Exercise (%)z 14.8 (2.8) 14.8
New-onset diabetes (%) 40.4 (3.7) 41.2
Duration of diabetes (%) 4.4� 0.4 4.3
HbA1c (%) 7� 0.1 7.4
Hypertension (%) 47.8 (3.9) 57.8
Metabolic syndrome (%) 65.9 (3.4) 73.7
Mental health (%)

Mental stress 21.1 (3) 23.5
Melancholia 18.3 (3) 14.8
Suicidal ideation 19.2 (2.9) 16.7
Injury from falls (%) 0.9 (0.7) 1.2
Tinnitus (%) 29.8 (3.3) 22.4
Dizziness (%) 11.8 (2.2) 13.3

Noise exposure (%)
Occupational 12.9 (2.9) 13.7
Leisure-time 2.5 (1.1) 1.4
Momentary 23.4 (3.3) 22.9
CKD (eGFR< 60 mL/min) (%) 4.3 (1.1) 6.4

Data are presented as mean� standard error or percentage (standard erro
eGFR¼ estimated glomerular filtration rate.�

P values were obtained by chi-squared test and analysis of variance (A
yHeavy drinking was defined as an average of 30 g/day of alcohol consu
zExercise included moderate exercise of 5 days a week (�30 minutes pe
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showed a consecutive decrease, while those with disabling
hearing impairment increased.

Frequencies
In Table 2, eGFR showed negative regression coefficient

for all frequencies after having been adjusted for age and sex,
while logACR showed positive regression coefficient. eGFR
showed statistical significance at frequencies 1 and 2 kHz and
logACR at frequencies 1, 2, 3, 4 and 6 kHz (P< 0.05). logACR
generally showed stronger correlation in higher frequencies,
but clear-cut patterns were not observed. Hearing impairment
existed across all frequencies in relation to eGFR and ACR.
HbA1c was not associated with results of pure tone audiometric
test in all hearing frequencies.

Confounder Adjustment
Calculations on Table 3 had been based on the definition of

disabling hearing impairment, as being PTA >40 dB hearing
level threshold (KNHANES criteria). For independent variables

GFR and ACR and Hearing Impairment
ACR and eGFR, ORs (95% CI) were calculated after having
controlled for various confounding factors. The controlled
factors were: age, sex, BMI, current smoking, heavy drinking,

betes Aged over 19 Years by ACR Quartiles From Q1 to Q4,

ACR

2 Q3 Q4 P
�

� 0.9 60.2� 1.1 60.6� 1.0 0.008
(3.5) 55.5 (3.3) 53.8 (3.4) 0.875
(3.5) 48.6 (3.8) 43.5 (3.7) 0.482
(3.3) 28.8 (3.3) 36.7 (3.5) 0.002
(4.5) 30.5 (4.7) 27.7 (5.1) 0.139
(2.7) 81.5 (2.3) 76.5 (3.2) 0.034
(3.7) 28 (3.8) 24 (3.6) 0.512
(2.6) 10.5 (2.6) 11.2 (2.8) 0.991
(2.6) 13.7 (2.5) 17 (2.5) 0.861
(3.7) 37.6 (3.8) 34.2 (3.5) 0.566
� 0.5 4.5� 0.4 6.8� 0.6 0.001
� 0.1 7.5� 0.1 7.5� 0.1 <0.001
(3.4) 57.9 (4.3) 72.1 (3.2) <0.001
(3.2) 75 (3.2) 80 (2.8) 0.024

(3) 21.5 (2.9) 22.5 (3.1) 0.937
(2.8) 15.5 (2.8) 15.7 (2.6) 0.815
(3.1) 16.4 (2.4) 17.9 (2.9) 0.892
(0.5) 3.1 (0.9) 3.8 (1.2) 0.035
(2.7) 25.9 (2.8) 26.6 (3.5) 0.396
(2.9) 15 (2.3) 16.2 (2.6) 0.652

(2.7) 8.5 (2.2) 12.6 (2.3) 0.425
(0.9) 1.9 (1) 1.2 (0.6) 0.799
(3.3) 26 (3.7) 28.5 (3.4) 0.646
(1.8) 6 (1.5) 16.1 (2.6) <0.001

r). ACR¼ albumin to creatinine ratio, CKD¼ chronic kidney disease,

NOVA).
mption per day.
r day) or intensive exercise of 3 days a week (�20 minutes per day).
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played in Table 3 as well. With the exception of age, ORs of all
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exercise, new-onset diabetes, education, income, mental stress,
noise exposure, and metabolic syndrome.

As for ACR, trends in values of OR were analyzed in
quartiles, from Q1 to Q4, the reference group being Q1. Higher
quartiles of ACR (Q2–4) had higher ORs than Q1. Although
there had been a slight decrease in OR from Q2 to Q3, Q4
notably held the highest OR among all quartiles (P¼ 0.029).

For eGFR, the reference group was eGFR >90 mL/min.

FIGURE 1. Prevalence of hearing impairment in accordance with
rate, ACR¼ albumin to creatinine ratio.
ORs showed a continuous increase going from eGFR >90 to
eGFR <60 mL/min, the values reaching notably high for eGFR
<60 mL/min (OR¼ 2.773) (P¼ 0.006).

TABLE 2. The Age- and Sex-Adjusted Partial Correlation of eGFR, l
in all Hearing Frequencies

eGFR

Beta SE Py Beta

0.5 kHz �0.032 0.019 0.095 0.331
1 kHz �0.051 0.022 0.017 0.885
2 kHz �0.071 0.025 0.005 0.815
3 kHz �0.041 0.031 0.195 1.231
4 kHz �0.056 0.03 0.065 1.432
6 kHz �0.061 0.039 0.125 1.398

ACR¼ albumin to creatinine ratio, eGFR¼ estimated glomerular filtrati�
ACR was logarithmically transformed.
yP values were obtained by partial correlation analysis.
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ORs (95% CI) of the controlled factors have been dis-

R stage and ACR quartiles. eGFR¼ estimated glomerular filtration
controlled factors were found to be statistically insignificant.
Meanwhile, age showed only a slight increase in OR.

CONCLUSIONS
In this KNHANES-based study focused on diabetic
patients, correlation was found between kidney function
deterioration and hearing impairment severity. It was indicated
from the results that eGFR and ACR maintain their relevance to

ogACR, and HbA1c With Results of Pure Tone Audiometric Test

logACR
�

HbA1c

SE Py Beta SE Py

0.264 0.211 �0.171 �0.018 0.506
0.28 0.002 0.104 0.010 0.706
0.302 0.007 �0.089 �0.008 0.796
0.341 < 0.001 �0.035 �0.002 0.926
0.373 < 0.001 �0.451 �0.030 0.270
0.424 0.001 �0.282 �0.017 0.543

on rate, SE¼ standard error.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Multivariable-Adjusted Odds Ratios (95% CI) for the Association of Hearing Impairment Holds with ACR Quartiles and
eGFR Stages in Korean Adults with Diabetes Aged Over 19 years, KNHANES 2011, 2012 (n¼1206)

Independent Variable ORs (95% CI)
�

Independent Variable ORs (95% CI)
�

ACR eGFR
Q1 1 >90 1
Q2 1.843 (1.04, 3.268) 60–90 1.665 (1.049, 2.645)
Q3 1.766 (1.064, 2.931) <60 2.773 (1.286, 5.983)
Q4 1.981 (1.146, 3.424)
P for trend 0.029 P for trend 0.006
Age 1.098 (1.07, 1.126) Age 1.087 (1.058, 1.117)
Sex (male) 0.711 (0.438, 1.154) Sex (male) 0.739 (0.452, 1.208)
BMI 1.002 (0.945, 1.062) BMI 0.99 (0.933, 1.051)
Current smoking, y 0.65 (0.362, 1.168) Current smoking, y 0.679 (0.383, 1.203)
Heavy drinking, yy 1.821 (0.671, 4.94) Heavy drinking, yy 2.102 (0.757, 5.833)
Exercise, yz 0.854 (0.504, 1.446) Exercise, yz 0.859 (0.512, 1.441)
New-onset diabetes, y 0.719 (0.45, 1.148) New-onset diabetes, y 0.696 (0.432, 1.121)
Education� high school, y 1.013 (0.599, 1.713) Education� high school, y 0.965 (0.571, 1.629)
Income, lowest quartile, y 1.322 (0.891, 1.961) Income, lowest quartile, y 1.383 (0.935, 2.045)
Mental stress, y 1.311 (0.813, 2.113) Mental stress, y 1.313 (0.812, 2.125)
Metabolic syndrome, y 0.863 (0.5, 1.49) Metabolic syndrome, y 0.876 (0.509, 1.509)
Noise exposure Noise exposure
Occupational, y 1.72 (0.92, 3.215) Occupational, y 1.7 (0.901, 3.207)
Leisure-time, y 0.634 (0.192, 2.096) Leisure-time, y 0.6 (0.163, 2.207)
Momentary, y 1.289 (0.813, 2.043) Momentary, y 1.285 (0.808, 2.044)

Data are presented as mean� standard error or percentage (standard error). OR¼Odds ratios, eGFR¼ estimated glomerular filtration rate,
ACR¼ albumin to creatinine ratio, BMI¼ body mass index, CI¼ confidence interval.�

Model is adjusted for age, sex, BMI, smoking, drinking, exercise, new-onset diabetes, education, income, mental stress, noise exposure, and
metabolic syndrome.
y nsu

s pe
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hearing impairment even after controlling for age, sex, BMI,
current smoking, heavy drinking, exercise, new-onset diabetes,
education, income, mental stress, noise exposure, and metabolic
syndrome.

A number of studies are in line with our results. Vilayur
et al4,9 demonstrated that moderate CKD was independently
associated with hearing loss. Presence of metabolic syndrome or
CKD was also found to increase hearing level thresholds in a
study conducted on Koreans.6 Lin et al10 found that comorbidity
of diabetes hinders improvement from idiopathic sudden sen-
sorineural hearing loss. Urine albumin excretion rate and serum
creatinine levels were also associated with severity of hearing
impairment.7,11

Exact mechanism underlying association between nephro-
pathy and hearing impairment still remains uncertain. Glomer-
uli and the inner ear share similar physiologic structures in
transporting fluids and electrolytes, and both have microvas-
culature sensitive to changes in blood flow and pressure.12,13

Effects of uremia and electrolyte imbalances have also been
used to explain both nephropathy and hearing impairment.14,15

Cosgrove et al16 had suggested that prevalence of otopathology
in patients with Alport Syndrome may be due to similar anti-
genic structure between basement membranes of glomeruli and
cochlea.

Diabetes-related hearing loss involves sensorineural and
microvascular damages that disrupt transmission of auditory

Heavy drinking was defined as an average of 30 g/day of alcohol co
zExercise included moderate exercise of 5 days a week (�30 minute
signals from the cochlea to the brain. Examination of the
autopsied diabetic patients revealed atrophy of the spiral
ganglion and demyelination of the eighth cranial nerve.17

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Microvascular endothelial damage that leads to nephropathy
and retinopathy in diabetic patients may also inflict damages
to the cochlear vasculature. Autopsies on diabetic patients
presented thickened basilar membranes, microangiopathic
changes to stria vascularis, and luminal narrowing of the
internal auditory artery.17,18

Diabetic patients suffer from many other comorbid dis-
eases, such as hypertension, peripheral arterial disease, and
atherosclerosis.19,20 Diabetes and hypertension can have syner-
gistic effects on hearing loss, exacerbating microvascular
damage, and cochlear ischemia.21 Diabetes-related hearing
loss co-exists with an atherosclerotic mechanism. C-reactive
protein was found to mediate relationship between diabetes and
hearing impairment, indicating an inflammatory process to
sensorineural hearing loss.1 Such conditions impair the kidney
as well, injuring its filtration, and clearance functions.

Hypertension is both the risk factor and the consequence of
renal insufficiency.22 Cardiovascular mortality was doubled in
patients with Stage 3 CKD, and tripled in patients with Stage 4
CKD; lower eGFR and higher albuminuria were associated with
risk of cardiovascular disease.23,24 Kidney also is the major
clearance site of uremic toxin and advanced glycation end
products (AGEs), and failure of renal function leads to AGE
accumulation and to unimpeded oxidative stress and damage.25

Yuan et al26 reported that CKD, hypertension, and dyslipidemia
had cumulative effects on carotid atherosclerosis in patients

mption per day.
r day) or intensive exercise of 3 days a week (�20 minutes per day).
with type 2 diabetes. Diabetes and its comorbidities work as risk
factors of renal insufficiency, but are in turn heightened in
consequence. Intensification of comorbidities and accumulation

www.md-journal.com | 5



of toxic materials further damages the auditory function.
Results from the present study show that hearing impairment
increases in severity as renal function deteriorates. As Dalton
et al27 found, patients with diabetic nephropathy were more
likely to develop hearing impairment than those with diabetes
alone.

A number of studies have reported that bilateral hearing
loss seems to be associated more with diffuse or systemic
exposure, while unilateral hearing loss with more focal pro-
cesses.28,29 Bilateral hearing loss is a rarer and more serious
form of the two, and the differences may be examined in
relation to severity of diabetes or CKD.29 In this study, both
unilateral and bilateral PTA >40 dB hearing impairment cor-
related with higher degrees of renal insufficiency.

Diabetes-related hearing impairment was found to be
negatively correlated with eGFR and positively with ACR
across all frequencies, according to the present study’s results.
There were inconsistencies in prior studies regarding hearing
frequencies in diabetic patients. Different studies attributed
high- or low-frequency hearing loss to diabetes-related hearing
impairment, and some studies have reported hearing loss across
all frequencies.30 Age-related hearing loss starts in high fre-
quencies and progresses to low frequencies, and differences in
mean age of target population may have led to such wide
discrepancies among previous studies. After adjusting for age
in Table 2, our results were consistent with Bainbridge et al31

that reported diabetes-related hearing impairment across all
frequencies.

Even after adjustment of various confounding factors in
Table 3, eGFR and ACR remained to be significantly associated
with severity of hearing impairment. Some of these factors were
reported to be risk factors of hearing impairment as a whole,
including history of diabetes, heavy smoking, noise exposure,
cardiovascular risks, and unhealthy eating.28,32–35 Although
there were conflicting findings among studies, they seemed
to agree on the fact that metabolic imbalances affect auditory
functions. Risk factors of diabetes-related hearing impairment
included low high density lipoprotein cholesterol, coronary
heart disease, peripheral neuropathy, and poor health.1 Hearing
impairment in diabetic patients was also said to be mediated by
neuropathy, microangiopathy, inflammation, and hyperglyce-
mia.36 Age was also an important confounding factor. Hearing
impairment generally increases with age, and presbycusis is
ranked as the most common cause of hearing loss.37 Therefore,
it was essential to distinguish between impairment caused
naturally by age and by diabetic nephropathy. These previously
confirmed confounding factors did not affect the correlation
between renal dysfunction and auditory impairment in this
study.

The present study is not without limitations. Due to cross-
sectional design of this study, a causal relationship cannot be
established between renal dysfunction and hearing impairment.
ACR is subject to day-to-day intra-individual variability, and
inaccuracies are likely to exist. The study did not control for
medications adversely affecting hearing loss, and the definition
of diabetes included those who self-reported to having been
diagnosed with diabetes. There is room for more research in the
subject of this study. As the study was based on a target
population of over 19 years of age, it is yet to be examined
whether the correlation of kidney function and hearing impair-
ment holds for young diabetic patients as well. Duration and
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severity of diabetes may also be tied into this study. Advantages
of the present study are in its large sample size and credible
data source.
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In conclusion, an increase in severity of hearing impair-
ment is associated with a decline in renal function for diabetic
patients. Clinicians caring for patients with diabetes need to
note the possibility that a fall in eGFR and a rise in ACR may
correlate with worsening auditory function. The correlation
stands independently of confounding factors such as age,
sex, BMI, current smoking, heavy drinking, exercise, new-onset
diabetes, education, income, mental stress, noise exposure, and
metabolic syndrome.
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