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OBSERVATIONAL STUDY

Factors Associated With Age-related Hearing Impairment
A Retrospective Cohort Study

1l Joon Moon, MD, PhD, Hayoung Byun, MD, Sook-young Woo, MS, Geum-Youn Gwak, MD, PhD,
Sung Hwa Hong, MD, PhD, Won-Ho Chung, MD, PhD, and Yang-Sun Cho, MD, PhD

Abstract: Age-related hearing impairment (ARHI) is a complex
degenerative disease in the elderly. As multiple factors interact during
the development of ARHI, it is important to elucidate the major
influencing factors to understand and prevent ARHI. We aimed to
identify risk factors associated with the development of ARHI with a
retrospective cohort from 2001 to 2010. The records of the adult subjects
over 40 years of age who consecutively underwent a comprehensive
health checkup including pure-tone audiometry at the Health Promotion
Center were reviewed. During this period, 1560 subjects who underwent
pure-tone audiometry more than twice, had no other otologic diseases,
and were followed-up more than 2 years were included. A pure-tone
average (PTA: 0.5, 1, 2, 4kHz) was calculated. Development of ARHI
was defined as a PTA at follow-up more than 10dB greater than the
baseline PTA. Times to the first development of ARHI were investi-
gated. Overall, 12.7% of subjects developed ARHI within the first 4
years. High blood ionized calcium (hazard ratio [HR] 0.084), albumin
(HR 0.239), systolic blood pressure (HR 0.577), thyroid hormone (T3)
(HR 0.593), and alpha fetoprotein levels (HR 0.883) were associated
with decreased hazard for the development of ARHI. In contrast, high
blood high-density lipoprotein (HR 2.105), uric acid (HR 1.684), total
protein (HR 1.423), and total bilirubin levels (HR 1.220) were potential
risk factors for the development of ARHI. Development of ARHI is
common among the aged population, and a variety of factors may
interact during this process. The results of this study can be used for
counseling of adults at high-risk of developing ARHI with regard to
regular audiological check-up.
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Abbreviations: ARHI = age-related hearing impairment, CI =
confidence interval, HDL = high-density lipoprotein, HR = hazard
ratio, PTA = pure-tone average, SBP = systolic blood pressure,
SGN = spiral ganglion neuron, T3 = thyroid hormone
(triiodothyronine), TH = thyroid hormone.

INTRODUCTION

ge-related hearing impairment (ARHI), or presbycusis, is a

complex and progressive degenerative disease, affectin,
cognitive, emotional, and social functions in the elderly.
Hearing acuity significantly declines with age, and the preva-
lence of hearing loss approximately doubles every decade of life
from the 2nd through the 7th decade. Using a cut-off of 25 dB
HL for the definition of hearing loss, the prevalence of ARHI in
aged subjects was 68.1% (>70 years) in a recent epidemiologic
s’[udy.2 In addition, as societies become older, an increasing
proportion of population will develop ARHI in the near future.

ARHI does not occur uniformly in all individuals.
Although numerous studies have been conducted for decades,
there remains no way to predict who is at highest risk, with no
definitive strategy for prevention and treatment. Although the
exact pathophysiological mechanism of ARHI is still unclear,
multiple intrinsic (genetic) and extrinsic (environmental) fac-
tors have been progosed to be involved overtime in the devel-
opment of ARHI.” As multiple factors interact to produce
additive effects, it is important to elucidate major influencing
factors relevant to ARHI to understand and prevent the pro-
gression of ARHI.

A number of cross-sectional studies have provided insight
into potential risk factors associated with ARHI. These include
male sex, increasing age, hypertension, cardiovascular disease,
cerebrovascular disease, smoking, diabetes, and noise
exposure.* ® However, these risk factors apparent from
cross-sectional studies only provide information of the momen-
tary causality of the condition, and there is no definitive
information for a temporal relationship between exposure
and outcome. These limitations of cross-sectional studies can
be avoided by a longitudinal design.” Few epidemiologic
studies have documented the risk factors associated with ARHI
longitudinally in adults. Furthermore, no studies have involved
comprehensive laboratory profiling and analysis of risk factors
in a large population cohort.

In this study, the authors accessed longitudinal data-set
from individuals who underwent routine health-checkups
including demographic, social, and complete laboratory profiles
as well as more than 2 audiometric tests. The aim of this study
was to identify risk factors associated with development of
ARHI in adults.
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METHODS
Study Sample

The study subjects were recruited among those aged 40
years or older who underwent a health checkup including
audiometry at the Health Promotion Center more than twice
between January 2001 and April 2010. A total of 4849 subjects
were initially assessed for their eligibility, and 2471 subjects
were first excluded due to the short follow-up period (<2 years).
Thorough reviews of medical charts were performed in the
remaining 2378 subjects and 88 subjects were additionally
excluded from the study, because they had a variety of otologic
diseases, such as otitis media with effusion or perforated
tympanic membrane, which can affect hearing. Thus, 2290
subjects met the inclusion criteria that included no otologic
diseases and more than 2 years of follow-up. However, 760 of
2290 subjects who had some missing data were also excluded
from the analysis. Finally, 1560 subjects remained for analysis.
The use of human subjects and the experimental protocols were
reviewed and approved by the Samsung Medical Center Institu-
tional Review Board (2010-09-002-002).

Collection and Classification of Covariates
Demographics were obtained at the first visit. Personal
medical history and lifestyle factors, including cigarette smok-
ing and alcohol consumption, were also determined using a
structured questionnaire. Past medical history of cardiovascular
diseases, diabetes mellitus, and cerebrovascular diseases were
also obtained. Height, weight, diastolic, and systolic blood
pressures (SBPs) were measured in all subjects. Body mass
index was calculated as weight (in kilograms) divided by height
(in meters) squared. In addition, complete laboratory profiles
including complete blood count, liver panel, renal panel, lipid
panel, tumor markers, serology, ABO blood typing, C-reactive
protein, fibrinogen, prothrombin, partial thromboplastin times,
and urinalysis were obtained. All blood samples were obtained
during the morning after an overnight fast of more than 8 hours.

Hearing Evaluation

The hearing examination at each visit included pure-tone
air-conduction audiometry in sound-treated test booth. All
audiometric testing was performed using a GSI-61 Clinical
Audiometer (Grason-Stadler, Littleton, MA) and Telephonics
TDH-50P headphones (Teledyne Avionics, Charlottesville,
VA). The audiometers were calibrated every 6 months in
accordance with appropriate American National Standards
Institute standards (ANSI, 1996, 2004). Pure-tone air-conduc-
tion thresholds were obtained for each ear at 250, 500, 1000,
2000, 4000, and 8000 Hz. If air-conduction thresholds at any
frequency exceeded more than 25 decibels (dB), bone-conduc-
tion thresholds were obtained and the subject was referred to an
otolaryngology outpatient clinic for further evaluation. In the
clinic, thorough evaluation including otoendoscopic examin-
ation of the tympanic membrane was performed for the referred
subject. A pure-tone average (PTA: 0.5, 1, 2, 4kHz) was
calculated for each subject. The outcome of interest was the
time to the first ARHI development, which was defined as a
PTA at follow-up 10dB greater than the baseline PTA in
either ear.

Statistical Analyses
Quantitative non-normally distributed variables were
expressed as median and the 25th to 75th quartile range.
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Categorical variables were presented as frequency and percen-
tages. Due to interval censored data, the ARHI development free
rates were calculated with the use of the self-consistency
algorithm of Turnbull.® To examine the risk of various covari-
ates, including laboratory profiles, on the development of
ARHI, univariable and multivariate analyses were performed.
We checked a plot of log(—log S(t)) versus time for evaluating
Weibull distribution. The plots showed the linearity. Parametric
survival model with Weibull distribution for interval-censored
data was used to examine the effects of various factors, includ-
ing laboratory profiles in the development of the first ARHI.
Biologically and medically plausible covariates as well as the
variables found to be possibly associated (P <0.10) in the
univariable analysis were entered in the multivariable analysis
model. The continuous variables, such as SBP, low-density
lipoprotein, high-density lipoprotein (HDL), blood urea nitro-
gen, uric acid, thyroid hormone, and alpha fetoprotein were
transformed using natural log due to the skewed distribution.
Multicollinearity was checked using variance inflation factor.
There were no variables with variance inflation factor >4. The
variables with Spearman correlation coefficient >0.7 were not
included in the analysis due to the multicollinearity problem. P
values and 95% confidence interval (CI) were corrected by
Bonferroni’s method due to multiple testing. In all tests,
P <0.05 was considered statistically significant. Statistical
analysis was performed using SAS 9.3 (SAS Institute,
Cary, NC).

RESULTS

Demographic Data and Hearing Changes

From January 2001 to April 2010, 2290 subjects (1673
males, 617 females) were initially screened, and 1560 subjects
(1172 males, 388 females) were finally enrolled. The various
covariates including laboratory profiles were not significantly
different between the population of 2290 subjects that met the
inclusion criteria initially and the population of 1560 subjects
that were finally included in our study. The median age of
subjects at baseline was 65 years (range 50—87 years, inter-
quartile range 50—66 years). The median duration between the
first visit and last visit is 4.00 years (range 2.00—8.07 years,
interquartile range 2.97—-5.17 years). Categorical variables were
described by frequencies and percentage and descriptive stat-
istics for continuous variables were described by medians and
interquartile ranges in Table 1. Figure 1 shows the mean pure-
tone threshold of each frequency in 1560 participants at the
baseline and last follow-up examinations. The mean PTA
changed from 15.8 (£6.4) dB to 25.7 (£10.3) dB between
the baseline and last follow-up examinations (P < 0.001). Over-
all, 12.7% of subjects developed ARHI within the first 4 years,
and the probabilities of ARHI development steadily increased
up to 41% at 8 years. Figure 2 shows ARHI development-free
curve. In order to figure out the difference in ARHI develop-
ment among different age groups, ARHI development-free
curve of different age groups are plotted in Figure 3.

Univariable Analysis

Table 2 displays the results of the univariable analysis.
Parametric regression models with Weibull distribution
revealed that SBP (hazard ratio [HR], 0.544; 95% CI,
0.382-0.775), blood low-density lipoprotein level (HR,
0.777; 95% CI, 0.630—-0.958), protein level (HR, 0.804; 95%
CI, 0.708—0.912), albumin (HR, 0.298; 95% CI, 0.245-0.363),

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Clinical Characteristics and Laboratory Findings of

1560 Subjects Enrolled in the Study

Parameters Distribution”
Sex

Male 1172 (75.1)

Female 388 (24.9)
Age in years

Between 41 and 50 393 (25.2)

Between 51 and 60 208 (13.3)

Between 61 and 70 843 (54.0)

Over 70 116 (7.5)
Blood type

A 499 (32.0)

B 172 (11.0)

(0) 454 (29.1)

AB 435 (27.9)
Hypertension

No 957 (61.3)

Yes 603 (38.7)
Diabetes

No 1359 (87.1)

Yes 201 (12.9)
Stroke history

No 1,518 (97.3)

Yes 42 (2.7)
Smoking

No 665 (42.6)

Past 589 (37.8)

Current 306(19.6)
Alcohol intake

No 438 (28.1)

Past 114 (7.3)

Current 1008 (64.6)
HBsAg

Negative 1526 (97.8)

Positive 34 (2.2)
HBsAb

Negative 344 (22.0)

Positive 1216 (78.0)

BMI, % 24.2 (22.6-25.9)

SBP, mmHg) 120 (108-133)

Hemoglobin, g/dL
Hematocrit, %

14.8 (13.8-15.5)
43.8 (41.1-46.0)

LDL, mg/dL 129 (109-148)
HDL, mg/dL 51 (44-60)
Total protein, g/dL 7.2 (7.0-17.5)
Albumin, g/dL 4.4 (4.2-4.6)
Total bilirubin, mg/dL 0.8 (0.7-1.1)
Alkaline phosphatase, U/L 65 (56.0-77.5)
Glycated hemoglobin, % 5.4 (5.1-5.8)

BUN, mg/dL 13.6 (11.50-16.25)
Uric acid, mg/dL 5.4 (4.5-6.3)
Calcium, ionized, mmol/L 9.2 (9.0-9.5)
TSH, mLU/mL 2.12 (1.41-3.18)
T3, ng/mL 1.12 (0.98-1.27)

Alpha fetoprotein, ng/mL

CRP, mg/dL

1(1-3)
0.08 (0.04-0.14)

BMI=body mass index, BUN=blood urea nitrogen, CRP=C-
reactive protein, HBsAb = surface antibody of the hepatitis B virus,
HBsAg = surface antigen of the hepatitis B virus, HDL = high-density
lipoprotein, LDL = low-density lipoprotein, SBP = systolic blood pres-
sure, T3 = thyroid hormone (triiodothyronine), TG = triglycerides.

*Values are expressed as medians (inter quartile range) or frequen-
cies (%).

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Mean hearing thresholds of each frequency at baseline
and last follow-up examinations. The mean pure-tone average
(0.5, 1, 2, 4kHz) changed from 15.8 (£ 6.4) dB to 25.7 (£10.3)
dB between the baseline and last follow-up examinations.

calcium level (HR, 0.627; 95% CI, 0.578-0.681), thyroid
hormone (T3) level (HR, 0.479; 95% CI, 0.373-0.615), and
alpha fetoprotein level (HR, 0.866; 95% CI, 0.787—0.952) were
significant protective factors of the development of ARHI. In
contrast, blood HDL level (HR, 1.441; 95% CI, 1.158-1.793),
total bilirubin level (HR, 1.146; 95% CI, 1.011-1.298), blood
urea nitrogen level (HR, 1.259; 95% CI, 1.039—-1.525), and uric
acid level (HR, 1.468; 95% CI, 1.200—1.796) were important
risk factors for the development of ARHI.

Multivariable Analysis

Results of the multivariable parametric regression models
with Weibull distribution are reported in Table 3. Of the 12
variables entered into the multivariable model, high blood
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FIGURE 2. Age-related hearing impairment (ARHI)-development
free curve for interval censored data. ARHI-development free curve
was plotted for all the subjects using a previously describe non-
parametric procedure.’ Gray rectangles show the 95% confidence
intervals within which the curve would maximize the likelihood.
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FIGURE 3. Age-related hearing impairment (ARHI)-development
free curve among different age groups. ARHI-development free
curve (ie, the cumulative proportion of subjects without hearing
impairment) was plotted for all different age groups using the
nonparametric procedure.” Gray rectangles show the 95% con-
fidence intervals within which the curve would maximize the
likelihood.

calcium (HR, 0.084; 95% CI, 0.038-0.186), albumin
(HR,0.239; 95% CI, 0.187-0.305), SBP (HR, 0.577; 95%
CIL, 0.403-0.825), thyroid hormone (T3) (HR, 0.593; 95%
CI, 0.458-0.769), and alpha fetoprotein levels (HR, 0.883;
95% CI, 0.803—-0.971) were potent protective factors for the
development of ARHI. In contrast, high blood HDL (HR, 2.105;
95% CI, 1.673-2.647), uric acid (HR, 1.684; 95% CI, 1.361—
2.083), total protein (HR, 1.423; 95% CI, 1.233-1.643), and
total bilirubin levels (HR, 1.220; 95% CI, 1.073—1.386) were
significantly associated with increased risk for the development
of ARHI.

DISCUSSION

The prevalence and severity of ARHI is increasing with
age. Besides its high incidence and prevalence, ARHI affects
quality of life enormously by reducing communicative relation-
ships, as well as reducing social and emotional interactions.'® It
has seemed impossible to prevent the development of ARHI,
even though potential pathogenic mechanism and risk factors
have been uncovered. Revealing potential risk factors could be
the first step for the prevention of ARHI, and this study
attempted to identify these factors using a large retrospective
cohort.

In this study, 44% of adult population over 40 years of age
developed 10-dB hearing deterioration within the first 8 years,
after the baseline testing. Ten dB corresponds to a 10-fold
increase in sound intensity or 3.16-fold increase in sound
pressure. Presence of 10dB HL deterioration in hearing
thresholds in both ears of a subject may have an adverse effect
on auditory perception in daily conversations. However, there is
5 to 10dB HL variability in the audiometric threshold testings.
This is related to the fact that since threshold estimations are
carried out in 5dB HL steps, 10 dB HL deterioration may not
considered as a significant in terms of clinical studies. A
previous longitudinal study reported that 5-year progression
of hearing loss, defined as 5-dB hearing deterioration, was
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51.1% for men and 56.3% for women.'' As the definition of
hearing change is different (10 vs 5dB in PTA) and these
progression rates were obtained from individuals who have
hearing loss (greater than 25 dB HL in either ear) at baseline, no
direct comparison is possible. Nonetheless, our data support the
reality that adults should expect their hearing to deteriorate
with age.

Of note, most of the influential results in this study are
novel protective and risk factors for the development of ARHI.
Although it is difficult to elucidate the role of key risk factors
due to the multifactorial nature and interaction of the different
mechanisms, blood calcium, albumin, alpha fetoprotein, and
thyroid hormone levels as well as SBP are potent protective
factors from multivariable analysis. In contrast, blood uric acid,
HDL, protein, and total bilirubin levels are potential risk factors.

In our study, high SBP has protective effect in developing
ARHI. However, the median SBP in the population included in
this study was 120 (Q1, 108; Q3, 133) mmHg. Thus, high SBP
in our study did not correspond to real hypertension and cannot
be interpreted as indicating that subjects with hypertension
having a decreased risk for the development of ARHI. Further-
more, a previous study reported that arterial hypotension,
expressed by low SBP, is significantly related with poor
high-frequency hearing in the elderly.'? Blood pressure-depen-
dent sympathetic effect on the labyrinthine circulation might be
responsible for this association.'?

Human blood albumin is crucial for heme-iron scaven-
ging, providing antioxidant effect against free heme-iron oxi-
dative damage. A previous study has shown that albumin is
responsible for more than 70% of total blood antioxidant
properties.'* Oxidative stress plays an important role in the
development of ARHI.> Current evidence supports the view
that the cumulative effect of oxidative stress could induce
damage to mitochondrial DNA in the cochlea and that the
decrease in mitochondrial function can result in apoptosis of
the cochlear cells. Therefore, it is postulated that the strong
antioxidant properties of blood albumin might contribute to
protect cochlear damage against accumulated oxidative stress
overtime.

Thyroid hormones (THs) are synthesized by the thyroid
gland and have been classified into 2 major forms: T3 (3,5,30-
triiodol-thyronine) and T4 (3,5,30,50-tetraiodo-1-thyronine). T5
is the active form of THs, as T; binds to thyroid hormone
receptors (TRs) with a greater affinity than T,. THs play
significant roles in fetal development of nervous system and
hearing as well as the maintenance of brain function and
regulation of neuopsychological function in adults. Especially,
TH is a critical regulator of the cochlear motor protein prestin.’
Previous epidemiologic study in school-age population also
supported the relationship between the elevated auditory
thresholds and decreased thyroid function.'> The protective
effect of T3 on ARHI may be attributable to this strong
relationship between thyroid function and the development
and maintenance of hearing.

Hair cells and spiral ganglion neurons (SGNs) have several
types of calcium channels, such as L- and T-type voltage-gated
calcium channels.'® These calcium channels and signaling
pathway is associated with the age-related loss of SGNs, and
calcium dysregulation is related to neuronal death during
aging.'” It has also been reported that blood calcium level
was significantly lower in patients with presbycusis than in
normal subjects.'® Thus, demineralization of the petrous
temporal bone associated with bone mass loss with aging has
been suggested as one biologic factor for ARHI.'® High blood

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Unadjusted Effects of Each Variable on Development of ARHI

Parameter B 95% CI for 3 P Value HR 95% CI for HR
Sex (ref: male) —0.0148 —0.0554 0.0257 0.473 1.0442 0.9275 1.1754
Age 0.0272 —0.0849 0.1393 0.6343 0.9236 0.6657 1.2812
SBP 0.2078 0.0872 0.3283 0.0007 0.5443 0.3824 0.3824
Hemoglobin 0.0099 —0.0042 0.0239 0.1678 0.9715 0.9324 1.0121
HBsAg (ref: negative) —0.0246 —0.1428 0.0935 0.6830 1.0745 0.7608 1.5176
HBsAD (ref: negative) —0.0394 —0.0814 0.0026 0.0658 1.1223 0.9924 1.2690
Protein 0.0745 0.0314 0.1177 0.0007 0.8037 0.7079 0.9123
Albumin 0.3958 0.3326 0.4590 <0.0001 0.2982 0.2449 0.3629
Total bilirubin —0.0464 —0.0890 —0.0037 0.0330 1.1456 1.0107 1.2983
Alkaline phosphatase 0.0214 —0.0455 0.0882 0.5310 0.9394 0.7727 1.1419
LDL 0.0863 0.0145 0.1580 0.0185 0.7770 0.6300 0.9583
HDL —0.1248 —0.1994 —0.0502 0.0010 1.4410 1.1583 1.7927
Glycated hemoglobin —0.0149 —0.1580 0.1282 0.8382 1.0445 0.6875 1.5867
Alpha fetoprotein 0.0493 0.0167 0.0820 0.0031 0.8657 0.7868 0.9524
Calcium, ionized 0.1568 0.1290 0.1847 <0.0001 0.6270 0.5775 0.6807
T3 0.2484 0.1646 0.3322 <0.0001 0.4789 0.3728 0.6151
CRP 0.0574 —0.0447 0.1594 0.2704 0.8456 0.6275 1.1393
BUN —0.0786 —0.1441 —0.0130 0.0188 1.2587 1.0388 1.5251
Uric acid —0.1305 —0.1988 —0.0622 0.0002 1.4679 1.1999 1.7957
Hypertension (ref: negative) —0.0084 —0.0443 0.0274 0.6446 1.0249 0.9228 1.1381
Diabetes mellitus (ref: negative) 0.0343 —0.0178 0.0864 0.1972 0.9046 0.7768 1.0533
Stroke (ref: negative) —0.0213 —0.1318 0.0892 0.7058 1.0642 0.7704 1.4700
BMI 0.0002 —0.0070 0.0074 0.9582 0.9994 0.9785 1.0207
ABO

A 0.0062 —0.0489 0.0613 1 0.9820 0.8359 1.1537

AB —0.0194 —0.0962 0.0574 1 1.0583 0.8454 1.3248

B (ref: O) 0.0005 —0.0555 0.0566 1 0.9985 0.8475 1.1764
Smoking

Current 0.0062 —0.0492 0.0617 1 0.9820 0.8350 1.1549

None (ref: past) —0.0281 —0.0726 0.0163 03114 1.0856 0.9533 1.2362
Alcohol intake

Current —0.0182 —0.0973 0.0609 1 1.0547 0.8366 1.3296

None (ref: past) —0.0709 —0.1551 0.0133 0.118 1.2307 0.9617 1.5747

{3 =regression coefficient in parametric survival model with Weibull distribution, ARHI = Age—related hearing impairment, BMI = body mass
index, BUN =blood urea nitrogen, CI=confidence interval, CRP = C-reactive protein, HBsAb =surface antibody of the hepatitis B virus,
HBsAg = surface antigen of the hepatitis B virus, HDL = high-density lipoprotein, HR = hazards ratio, LDL = low-density lipoprotein, ref=re-
reference, SBP = systolic blood pressure, T3 = thyroid hormone (triiodothyronine).

Analysis using parametric survival model with Weibull distribution for interval-censored data.

calcium level may prevent bone demineralization and sub-
sequent hearing impairment overtime.

Human AFP has an antiinflammatory effect and immuno-
modulating effect. Especially, AFP inhibits local central ner-
vous system inflammation by downregulating the expression of
major histocompatibility complex class Il molecules, which are
key elements in antigen presentation, and the chemokine
receptor-5, which is crucial for leukocyte migration to inflam-
matory sites. Furthermore, AFP suppresses the production of
myelin-specific antibodies and IgG, and shows a beneficial
effect on central nervous system demyelination and axonal
damage.?® The protective effect of AFP on ARHI may be
related with these strong antiinflammatory and immunomodu-
lating properties.

In contrast, uric acid may induce neurotoxicity through
different mechanisms. An elevated uric acid level is a risk factor
for vascular disease and hypertension.?' The vascular compro-
mise associated with elevated uric acid level could be a potential
risk factor for ARHI. The cochlea has a vascular supply without

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

collateral vessels and can be highly sensitive to minimal blood
flow reduction.?* A previous study revealed significant abnorm-
alities in otoacoustic emissions (OAEs) observed at higher
frequencies (4 and 5kHz) in patients with normal hearing
(PTA <20dB), suggesting an association of subclinical
cochlear dysfunction (early cochlea damage especially in outer
hair cells) with hyperuricemia.?

Bilirubin may induce neurotoxicity through different
mechanisms, such as excitotoxicity or activation of nitric oxide
synthesis.>* A recent study involving guinea pigs demonstrated
that bilirubin can cross the blood—brain barrier and can damage
the peripheral auditory system including SGNs and inner hair
cells.? Therefore, highly maintained blood bilirubin level may
directly induce cochlear damage and subsequent development
of ARHI.

HDL has an antiatherogenic effect. In an extensive review
of the literature, Ray*® questioned the association between
hyperlipoproteinemia and ARHI. Recently, neurodegenerative
effects of HDL have been reported. HDL shows antineuritogenic
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TABLE 3. Significant Parameters in Development of ARHI”

Parameter B 95% CI for 3 P Value HR 95% CI for HR

HBsAb (positive) (ref: negative) —0.0242 —0.0145 0.0630 0.2202 1.0808 0.9541 1.2242
Systolic BP 0.1712 —0.0598 —0.2825 0.0026 0.5771 0.4034 0.8253
LDL —0.0402 —0.1077 0.0273 0.2432 1.1378 0.9158 1.4134
HDL —0.2317 —0.3027 —0.1607 <0.0001 2.1045 1.6729 2.6472
Protein —0.1099 —0.1544 —0.0653 <0.0001 1.4232 1.2331 1.6425
Albumin 0.446 0.371 0.5209 <0.0001 0.2388 0.1866 0.3054
Total bilirubin —0.0619 —0.1016 —0.0221 0.0023 1.2199 1.0733 1.3864
BUN —0.0495 —0.111 0.012 0.1148 1.1723 0.9621 1.4284
Uric Acid —0.1622 —0.2281 —0.0963 <0.0001 1.6835 1.3608 2.0826
Calcium, ionized 0.7704 0.5232 1.0176 <0.0001 0.0843 0.0381 0.1859
T3 0.1626 0.0822 0.2429 <0.0001 0.5932 0.4577 0.7689
Alpha fetoprotein 0.0388 0.0092 0.0683 0.0102 0.8829 0.8028 0.9708

ARHI = age-related hearing impairment, 3 = regression coefficient in parametric survival model with Weibull distribution, BP = blood pressure,
BUN =blood urea nitrogen, CI = confidence interval, HBsAb = surface antibody for hepatitis B virus, HDL = high-density lipoprotein, HR = hazards
ratio, LDL = low-density lipoprotein, ref=reference, T3 = thyroid hormone (triiodothyronine).

* Analysis using parametric survival model with Weibull distribution for interval-censored data.

effects in neuronal cell culture and inhibits the biosynthesis of
gangliotetraosyl gangliosides. Lipid peroxidation can cause the
formation of HDL macroaggregates and subsequent confor-
mational changes in the protein moieties. These modified HDLs
might be able to induce degeneration of neuronal cells.”’

Plasma viscosity is directly correlated with blood globulin
(total protein minus albumin), so high blood total protein levels
can lead to high plasma viscosity. Plasma viscosity in patients
with sudden deafness is significantly higher than that in control
group with normal hearing with a significant correlation
between average pure-tone thresholds and plasma viscosity.?®
Elevated plasma viscosity may decrease cochlear blood flow
and thus initiate hearing loss. This is consistent with the finding
that lowering plasma viscosity in patients with sudden sensor-
ineural hearing loss is helpful for improving treatment out-
come.?’

One of possible limitations of this study is that the quanti-
fication of previous noise exposure was impossible in this study
population. Noise induces cochlear damage by reducing blood
flow and inducing formation of free radicals.>® However, there
have been no reports that subjects with previous noise exposure
history are prone to ARHI development at this point. In
addition, the population in this study was male-dominant and
54% of the population were in their 60s. This is not surprizing,
given that this study population was from a health promotion
center. Male gender and old age are risk factors for the devel-
opment of ARHI, so elderly males would be the most vulnerable
population for worsening of hearing overtime. The aim of this
study was to assess the risk factors of ARHI, and it fits well for
the purpose that only participants more than 40 years of age
were included.

Overall, the key attributes of this study lie in the large
cohort, providing detailed and standardized audiometric data
over several years, as well as in the comprehensive range of
demographic, clinical, and laboratory variables measured at
baseline enabling a thorough evaluation of predictors for the
development of ARHI. In a clinical setting, the predictors
revealed in this study can be used for counseling patients
who have concerns about their further hearing deterioration
overtime. Also, it would be reasonable to recommend regular
audiological check-up for patients with risk factors for the
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development of ARHI. Besides clinical aspects, the results in
our study could provide further insight into the mechanistic
pathways underlying ARHI. Further biological investigation
may prove informative in identifying protective factors in ARHI
useful in the search for prevention strategies.

CONCLUSIONS

Our findings suggest that development of ARHI is com-
mon in adult population. Patients with high blood calcium,
albumin, thyroid hormone (T3), and AFP levels, as well as high
SBP may less likely experience worsening of hearing overtime.
The prognosis is less favorable for those who have high blood
bilirubin, total protein, HDL, and uric acid levels.
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