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Etiological classification of presbycusis in
Turkish population according to audiogram configuration

Tiirk niifusunda presbiakuzinin odiogram konfigiirasyonuna gore
etyolojik siniflandirilmasi

Kamil Hakan Kaya, MD., Arzu Karaman Kog, MD,, Ibrahim Sayin, MD.,, Sel¢uk Gtines, MD.,,
Sinan Canpolat, MD., Baver Simsek, MD., Fatma Tiilin Kayhan, MD.

Department of Otolaryngology, Bakirkéy Dr. Sadi Konuk Training and Research Hospital, Istanbul, Turkey

ABSTRACT

Objectives: This study aims to classify age related hearing loss in Turkish population according to Schuknecht audiometric configura-
tions for presbycusis and investigate the most common etiologies.

Patients and Methods: A total of 1,134 patients (568 males, 566 females; mean age 70.5+7.7 years; range 55 to 80 years) with age
related hearing loss were included in the study. Audiograms of patients were classified into three categories: high frequency steeply
sloping (HFSS), flat, and high frequency gently sloping (HFGS). Speech discrimination scores were evaluated and compared.

Results: In the study population, HFSS audiogram configuration was the most frequently observed (48.5%), followed by HFGS con-
figuration (26.9%), and flat configuration (24.5%), respectively. While HFSS audiogram configuration was statistically significantly more
common in males, flat audiogram configuration was statistically significantly more common in females (p=0.0001). HFSS group mean air
conduction threshold were statistically significantly higher than flat and HFGS groups (p=0.0001). No statistically significantly difference
was detected in terms of speech discrimination scores between three groups (p=0.796).

Conclusion: Results of this study suggest that, in Turkish population, while sensory presbycusis is more common in males, strial
presbycusis is more common in females. No difference was detected in terms of the prevalence of cochlear presbycusis in males and
females (p=0.0001).
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oz
Amac: Bu calismada Tirk nifusunda yasa bagli isitme kaybi presbiakuzi icin Schuknecht odiometrik konfiglirasyonlarina goére
siniflandirildi ve en sik gorilen etyolojiler arastirildi.

Hastalar ve Yéntemler: Calismaya yasa bagl isitme kaybi olan 1134 hasta (568 erkek, 566 kadin; ort. yas 70.5x7.7 yil; dagilim 55-80
yil) dahil edildi. Hastalarin odyogramlari i¢ kategoriye ayrildi: ylksek frekansh ani egimli (YFAE), diz ve yiksek frekansli hafif egimli
(YFHE). Konusmay! ayirt etme puanlari degerlendirildi ve karsilastirildi.

Bulgular: Calisma nifusunda YFAE odyogram konfigirasyonu en sik gorildi (%48.5), bunu sirasiyla YFHE (%26.9) ve diz
konfiglrasyon (%24.5) izledi. Yiksek frekansl hafif egimli odyogram konfiglirasyonu erkeklerde istatistiksel olarak anlamli derecede
daha yayginken diz odyogram konfiglirasyonu kadinlarda istatistiksel olarak anlaml derecede daha yaygindi (p=0.0001). YFAE grubu
ortalama hava yolu esikleri diiz ve YFHE gruplarindan istatistiksel olarak anlamli derecede ylksek idi (p=0.0001). Konusmay ayirt etme
skorlari agisindan U¢ grup arasinda istatistiksel olarak anlamli farkhlik bulunmadi (p=0.796).

Sonug: Bu galismanin bulgularina gére, Tirk niifusunda sensori presbiakuzi erkeklerde daha yaygin iken strial presbiakuzi kadinlarda
daha yaygindir. Erkeklerde ve kadinlarda koklear presbiakuzi gérilme sikligr agisindan farklilik bulunmadi (p=0.0001).

Anahtar Sézclikler: Yasa bagl isitme kaybi; odyometrik konfigiirasyon; presbiakuzi.
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Age-related disorders are important social and
economic problems because of low birth rates
and longer life expectancy in the second half
of the 20" century. The most frequent sensory
disability in the elderly is age-related hearing
loss (ARHL)." The World Health Organization
(WHO) estimates that in 2025, the number of
people over 60 years of age will be 1.2 billion and
500 million of them will suffer from presbycusis.?
The cognitive and psychosocial consequences of
hearing loss are well described in the literature.?
The most relevant etiological factors in ARHL
are heredity and other preventable factors such
as noise exposure, chronic middle ear disease,
cardiovascular risk factors, diabetes, smoking,
hypertension, hormones, exposure to ototoxic
medication or chemicals.

Histological temporal bone examinations
revealed that pathophysiological changes occur
in ARHL. Functional loss of sensory and neuronal
elements are the primary findings of ARHL.5
The collected cross-sectional or longitudinal data
from previous studies mapping the prevalence
of hearing loss in the elderly provide material
to create age-related typical audiograms.”® It
has been demonstrated that ageing accelerates
hearing loss significantly more at high
frequencies than at low frequencies.”! Fieuws
and Verbekel’ additionally suggested that the
closer frequencies showed the same threshold
progression patterns in audiograms (threshold
changes at 8000 Hertz (Hz) correspond to
threshold changes at 4000 Hz than to threshold
changes at 1000 Hz). In 1964 Schuknecht!”
demonstrated that there was a correlation
between etiology dependent histopathological
changes and threshold progression patterns in
presbycusis. He classified presbycusis into six
categories as follows:

e Sensory (outer hair-cell loss)

e Metabolic (strial atrophy)

e Neuronal (ganglion-cell loss)

e Cochlear conductive (stiffness of the
basilar membrane)

e Mixed

¢ Indeterminate

Additionally in 1999, he concluded that each
presbycusis type has a typical audiometric
pattern; high frequency steeply sloping
(HFSS) loss type for sensory presbycusis,
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flat configuration for strial presbycusis, high
frequency gently sloping (HFGS) loss type for
cochlear presbycusis, loss of word discrimination
score for neuronal presbycusis."! Furthermore,
each presbycusis type has its own etiological
and histopathological features. Gates and Mills'®!
suggested that the exact age-related hearing
loss is strial presbycusis. Sensory presbycusis is
often found in populations exposed to noise and
chemical pollutants.”! Heritability is the major
cause of strial presbycusis.'” Age-related physical
changes in basilar membrane cause cochlear
presbycusis.'¥ Decreased number of neurons
in the cochlea and auditory pathways cause
neuronal presbycusis.'! Thus, age-related typical
audiograms can be simplified to understand
the pathophysiological inner ear changes and
estimate the etiology in presbycusis.™

In the present study, we aimed to classify
the ARHL in the Turkish population according
the Schuknecht’s audiometric configurations
for presbycusis and to demonstrate their most
common etiologies.l%

PATIENTS AND METHODS

This retrospective study was performed at
Bakirkdy Dr. Sadi Konuk Teaching and Research
Hospital. The study protocol was approved by the
hospital’s local ethics board. A card analysis was
performed for six months between July 2013 and
December 2013 and 1,134 unrelated subjects from
residential suburbs of Istanbul (Turkey) between
55 and 80 years old whose bone conductive
hearing levels (HLs) were above 20 decibels (dB)
in the right or left ear for the average thresholds of
0.5,1, 2,4, and 8 kHz were considered for inclusion
in this study. The subject’s average air and
bone conduction HLs and speech discrimination
scores (SDS) were evaluated. The Interacoustics
Clinic Audiometer AC-33 (Interacoustics, Assen,
Denmark) and standard audiometric procedures
were used for audiological examination.' The
Turkish version of monosyllabic phonetically
balanced word lists were used for evaluating
the subjects” speech discrimination scores.!"”!
Subjects who had chronic otitis media, otitis
media with effusion, congenital hearing loss,
autoimmune ear disease, Meniere syndrome,
previous idiopathic sudden sensorineuronal
hearing loss, otologic surgery, cranial trauma,
cranial surgery, viral or bacterial labyrinthitis,
syphilis, ototoxic drug use, previous acoustic
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Table 1. The description of audiogram types according to hearing levels at 0.5, 1, 2, 4, and 8 kHz

Flat (strial presbycusis)

The difference between the mean of 250/500 Hz thresholds, the mean of

1/2 kHz thresholds and the mean of 4/8 kHz thresholds is less than 15 dB

High frequency steeply sloping
(sensory presbycusis)

High frequency gently sloping
(cochlear presbycusis)

The difference between the mean of 500 Hz/1 kHz thresholds and the
mean of 4 kHz/8 kHz thresholds is greater than 30 dB

The difference between the mean of 500 Hz/1 kHz thresholds and the
mean of 4 kHz/8 kHz thresholds is greater than 15 dB and less than 29 dB

trauma or occupational noise history or have
dementia were excluded from the study. Subjects
whose air-bone conduction HL gap was above
15 dB HL and who had asymmetrical hearing
loss with differences in (left and right ear) air
conduction thresholds greater than 20 dB HL in
the average thresholds of 0.5, 1, 2, 4, and 8 kHz
were excluded from the study. All audiograms
were categorized into three categories: HFSS,
flat, HEGS. Characterization of the shapes of the
audiograms is shown in Table 1.

Statistical analysis

For statistical analysis, the Number Cruncher
Statistical System (NCSS) 2007 Statistical Software
(NCCS, Kaysville, UT, USA) was used. Along
with the descriptive statistical methods (mean,
SD), one-way analysis of variance was used
for comparison between groups and Tukey's
multiple comparison test was used for subgroup

comparison. Binary groups were compared
using the unpaired t test. Paired t test was
used for comparison between right and left
ears. A p value of <0.05 was deemed to indicate
statistical significance.

RESULTS

A total of 1,134 unrelated subjects (568 males, 566
females) met the criteria and were included in
the study. The mean age was 70.6+7.1 years (range
55 to 80 years) in the HFSS population, 69.9+8
years (range 55 to 80 years) in the flat population
and 71.318.4 years (range 55 to 80 years) in the
HFGS population. There were no statistically
significant differences in age between the three
groups (p=0.107).

When all three groups were evaluated
according to audiogram types the HFSS
configuration was most frequently represented

Table 2. Average speech discrimination scores, air and bone conduction hearing
levels according to right and left ear

Audiogram configuration Right ear Left ear
Mean+SD Mean+SD [4
Flat
Speech discrimination 79.3£12.8 80.0+12.6 0.148
Air conduction (dB) 45.8+15.1 44.8+14.8 0.101
Bone conduction (dB) 40.5+14.1 39.8+13.9 0.092
HFSS
Speech discrimination 79.9+11.6 80.1+11.2 0.114
Air conduction (dB) 41.2+12.4 40.5+12.2 0.097
Bone conduction (dB) 36.3+11.7 36.3+11.6 0.257
HFGS
Speech discrimination 79.1+£10.3 79.8410.6 0.324
Air conduction (dB) 449+12.3 44.4+12.0 0.419
Bone conduction (dB) 40.04£11.0 39.9+11.0 0.194

SD: Standard deviation; HFSS: High frequency steeply sloping; HFGS: High frequency gently sloping.
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Table 3. Average speech discrimination scores, air and bone conduction hearing

levels according to gender

Audiogram configuration Male Female
Mean+£SD Mean+SD [4
Flat
Speech discrimination 79.3£12.7 79.7£12.7 0.788
Air conduction (dB) 46.0+15.0 44.4+15.0 0.436
Bone conduction (dB) 41.1+14 39.1+14 0.292
HFSS
Speech discrimination 79.3+11.5 80.8+11.1 0.157
Air conduction (dB) 41.1+£12.3 38.9+12.3 0.057
Bone conduction (dB) 36.5+11.5 34.6+11.7 0.067
HFGS
Speech discrimination 78.7+11.8 79.849.3 0.375
Air conduction (dB) 45.2+12.6 43.3+11.8 0.168
Bone conduction (dB) 40.5+11.6 38.9+10.4 0.216

SD: Standard deviation; HFSS: High frequency steeply sloping; HFGS: High frequency gently sloping.

(48.5%), followed by the HFGS configuration
(26.9%) and the flat configuration (24.5%). When
the right and left ear average SDS, air and bone
conduction HLs were compared in the three
groups separately, there were no statistically
significant differences found (p>0.05 for all
comparisons) (Table 2). When the average SDS,
air and bone conduction HLs were compared
according to gender in the three groups separately,
there were no statistically significant differences
found (p>0.05 for all comparisons) (Table 3).
When the average SDS were compared according
to three groups, there were no statistically
significant differences found (p=0.796)
(Figure 1). When the average air conduction
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Figure 1. Average speech discrimination scores according to
uudiogmm types (p=0.796). HFSS: High frequency steeply
sloping; HFGS: High frequency gently sloping.

HLs were compared according to three groups,
the HFSS group average air conduction HL
was found to be statistically significantly lower
than the flat and HFGS groups (p=0.0001) and
there were no statistically significant difference
between the flat and HFGS groups (p=0.833)
(Figure 2). When the average bone conduction
HLs were compared according to three groups,
the HFSS group average HL was found to be
statistically significantly lower than the flat
and HFGS groups (p=0.0001) and there were no
statistically significant differences between the
flat and HFGS groups (p=0.999) (Figure 2). When
the three groups were compared according to
gender, the HFSS-configuration was found to be
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Figure 2. Average air and bone conduction hearing levels

according the audiogram types (p=0.0001). HFSS: High
frequency steeply sloping; HFGS: High frequency gently sloping.
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Table 4. The frequency of the audiogram types according

to gender
Flat HFSS  HFGS
% % % p
Gender
Male 2590 64.40 45.80
Female 74.10 35.60 54.20 0.0001

HFSS: High frequency steeply sloping; HFGS: High frequency gently
sloping.

statistically significantly higher among males
(n=354, 64.4%) than the flat (n=72, 25.9%) and
HFGS configurations (n=140, 45.8%) (p=0.0001).
Among females, the flat configuration was found
to be statistically significantly higher (n=206,
74.10%) than the HFSS (n=196, 35.6%) and HFGS
configurations (n=166, 54.2%) (p=0.0001) (Table 4).

DISCUSSION

In the present study we analyzed a sample of
1,134 otologically screened subjects between
55-80 years old to determine the etiology of
ARHL in the Turkish population depending
the prevalence of the three different
audiogram configurations. We found that the
HFSS configuration was the most common
configuration (48.5%) in the study population. Flat-
configurations were significantly more common
in females whereas HFSS configurations were
more common in males. In addition, females with
a flat audiogram tended to have a larger amount
of overall hearing loss compared to males.

The hearing level is not only associated with
age because the rate of changes by age is highly
variable.® Davies and Fleishman™ reported that
the proportion of hearing impairment was 14%
between ages 60 and 64 years, 34% between ages
70 and 74 years, and 50% at ages 80 years and over
in the elderly population. The higher frequencies
are initially affected in presbycusis.’” Both
peripheral and central auditory pathways can be
affected in presbycusis. Most of the studies that
evaluated the central pathology in presbycusis
revealed the predominant abnormality as hair
cell loss.?'?2 Arlinger®! suggested that hearing
loss in presbycusis can depend on cochlear,
retrocochlear and central lesions together and
can be a part of decreased cognitive functioning.
In contrast, there was no reduction of the neuron
population in the ventral cochlear nucleus found

in the elderly population when compared with
younger persons.?! Heritability is one of the
most putative causes of ARHL.” The changes in
expression of 4,000 cochlear genes is responsible
for ARHL.? Sensory presbycusis is the most
common type and strial presbycusis is less
common.”

It can be suggested that ARHL does not have
a single cause and is a multifactorial disease
affected by various intrinsic and extrinsic factors.
In previous studies, it was demonstrated that
smoking, elevated blood pressure and cholesterol
levels may increase the degree of ARHL.??!
Elevated oxidant levels in the cochlea can lead
to hearing loss in aging. An animal study found
that mice with antioxidant enzyme deficiency
showed the same characteristic phenotype as
ARHL B Caloric diet restriction and antioxidants
may reduce age-related hearing loss.F!

Langenbeck’s law indicates that genetic
hearing loss must be symmetric because
heritability =~ should affect both ears.’?
Additionally, Schuknecht defined presbycusis as
a bilateral, symmetrical, and slowly progressive
hearing loss.®® In our study, all subjects in
the three groups had symmetrical threshold
progression patterns in audiograms in both right
and left ears since we had excluded the effects
of asymmetrical expression of heritability, test-
retest reliability, or other factors were not clear.

In our study the flat audiogram configuration
(strial presbycusis) was most frequently
represented (74.1%) in female subjects. Heritability
is one of the major causes of strial presbycusis
and we demonstrated that the genetic component
was found more in female than male subjects in
the Turkish population. Gate’s study supported
our findings that familial aggregations for age-
related HLs were stronger in women than in
men."? Additionally, the highest heritability was
found for low frequencies. The loss of 30% or
more strial tissue caused presbycusis. However,
acoustic trauma, ototoxic drugs, and venous
obstruction caused the same degeneration.’**!
Additionally Johnsson and Hawkins®* found
association between capillary loss in the spiral
ligament and atrophy of the stria vascularis in
strial presbycusis. In contrast, Schuknecht et
al.B suggested that heritability was the most
important cause of stria vascularis degeneration.
Additionally they stated that atrophy of the stria



vascularis was frequently initiated in younger
ages and there was no histological evidence of
vascular disease found in the strial presbycusis.
Nelson et al’! compared the presbycusis
population with normal hearing subjects. They
found significant differences between outer and
inner hair cell populations between groups.
However they did not find any significant
differences between the stria vascularis volume
and the ganglion cell population. They suggested
that these results could not exclude atrophy of the
stria vascularis because the stria vascularis is a
metabolically active organ and histopathological
studies cannot give exact information about
the metabolic process. The importance of
stria vascularis atrophy in presbycusis is still
controversial.®¥%! However, the hormonal
differences between males and females have
superimposed effects on strial presbycusis. In
an animal study, Konig et al.*”! demonstrated
that estrogen-deficiency accelerates hearing
loss in mice. Additionally, Hederstierna et
al.™ found that hormone replacement therapy
has protective effects on hearing in post-
menopausal women.

However, the rate of heritability is greater
in strial presbycusis. It was estimated that
heritability is responsible for 35-55% of
subjects in sensory presbycusis (SSHF
configuration).*?  Sensory presbycusis is
primarily caused by damaged outer hair cells
in 10 mm at the basal turn of the cochlea.l*"!
In histopathological studies, the most frequent
finding in aging ears was outer hair cell loss.!"
In an animal study, it was observed that the
mice with a genetic mutation and hair cell loss
that began a few months after birth showed
profound sensory hearing loss with age.[*!
The aging alone does not cause outer hair-cell
loss in sensory presbycusis but accumulated
environmental noise toxicity has superimposed
effects.®! Additionally, Fuente and McPherson!*!
demonstrated that solvents, asphyxiant
gases (CO), and heavy metals may interact
synergistically with noise. The prevalence of
HFSS configurations significantly increases with
increasing noise and environmental pollutants.!
In our study the HFSS audiogram configuration
was most frequently represented in the male
population is consistent with the fact that the
male population is more exposed the noise and
pollutants than females in Turkish population.
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Neuronal loss in the spiral ganglion is the
major cause of the decreased word discrimination
scores.'l' Spiral ganglion neurons (SGN) serve
as a station between the hair cells and central
nervous system. The damage to inner hair
cells, loss of supporting elements and injury
of dendritic fibers were putative findings in
temporal bone histopathologic studies in
neuronal presbycusis.*”! Takeno suggested that
after hair cells were damaged, spiral ganglion
neurons began to die because the hair cells
provide a trophic support to SGNs.l! The loss
of cochlear neurons in the 15-22 mm region in
the cochlea which is the locus for the speech
frequencies correlated strongly with the decrease
of word discrimination scores.*”! The neuronal
population numbers approximately 30,000 in
younger ages and is decreased to less than 15,000
in patients who have neuronal presbycusis.™
Patients who have rapidly progressive neuronal
presbycusis show diffuse degenerative changes
of the central nervous system.’! In previous
studies it was demonstrated that decreased
word discrimination scores is a common finding
in presbycusis and associated with sloping
pure-tone thresholds.’®? Decrement in word
discrimination scores was attributed to ARHL in
some studies but other studies indicated that it
occurs in addition to ARHL.’**! In our study we
did not find statistically significant differences
in SDS between the three groups.

In cochlear presbycusis (HFGS configuration),
there were no light microscopic histopathologic
abnormalities of the cochlea found to explain
the hearing loss. It was suggested that abnormal
motion mechanics of the basilar membrane was
the primary cause.™ In his histopathological
study, Nomura demonstrated lipid deposits
in the basilar membrane in some presbycusis
subjects.’® Nadol observed accumulation of
amorphous material and an increased number
of fibrils in the markedly thickened basilar
membrane in one case with presbycusis.® Bhatt
et al.””! demonstrated age-related thickening of
the basilar membrane in presbycusis but the
same changes were not found in the same age
population who had normal hearing. In our study
it was demonstrated that cochlear presbycusis
was seen at the same rate in males and females.

In his review of prevalence of age-related
hearing loss in Europe, Roth et al.*! demonstrated
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that 30% of men and 20% of women have a
hearing loss of 30 dB HL or more by age 70 years
and 55% of men and 45% of women by age 80
years. A study of the epidemiology of hearing
impairment in the Australian population found
that 16.6% of the population had a hearing
impairment in the better ear at =25 dB HL and
22.2% in the worse ear at the same level.P®
In his study Kelly demonstrated that the flat-
configuration was most dominantly represented
and flat configurations were significantly more
common in females whereas HFSS configurations
were more common in males in Europe.*’!

Previous studies revealed that aging causes
mixed pathological changes in the organ of corti,
spiral ganglion neurons and stria vascularis.*
Currently, there is no effective medication to
prevent or treat presbycusis. Preventing noise
and environmental pollution and appropriate
treatment of heart disease, hyperlipidemia, and
diabetes in the population can help preserve
hearing in the older population.

Conclusion

In the Turkish population, the HFSS audiogram
configuration was most frequently represented,
followed by the HFGS configuration, and the flat
configuration. In the male population exposure to
noise and environmental pollutants are the most
important cause of ARHL besides heritability. In
the female population the most prominent cause
is heritability. The subjects with a flat or HFGS
audiogram configuration tend to have more
hearing loss compared to subjects with an HFSS
audiogram configuration. Sensory presbycusis
is most found in the male population, strial
presbycusis most found in the female population
and cochlear presbycusis was seen at the same
rate in males and females.
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