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The purpose of our study was to investigate the association between polycystic ovary syndrome (PCOS) and
hearing thresholds.

Forty women diagnosed with PCOS (mean age, 24.33+6.38 years) and 40 healthy women controls (mean age,
26.3846.75 years) were included in prospective study. Each case was tested with low (250, 500, 1000, and
2000 Hz), high (4000, 6000, and 8000 Hz) and extended high (EH) (9000-20000 Hz) frequency audiometry.
The fasting plasma glucose, insulin, FSH, LH, total testosterone, and sex hormone-binding globulin were mea-
sured in all patients.

The mean hearing thresholds at EH frequencies were statistically significantly higher in the PCOS group than in
the control group (p=0.001 right ear and p=0.015 left ear). There were significant positive correlations among
free testosterone index (FTI) values and hirsutism scores with EH frequency hearing thresholds.

At pure-tone audiometry (PTA) EH frequencies, we detected significantly higher hearing thresholds in PCOS
patients than in controls. We also determined that elevated FTI and hirsutism score were positively correlated
with elevated hearing thresholds in EH frequencies. These findings support that hyperandrogenism can play a
role in the elevation of hearing thresholds in PCOS.
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Background

Sensorineural hearing loss (SNHL) is responsible for the major-
ity of hearing losses. The main causes of SNHL are advanced
age, the use of ototoxic medications, noise exposure, heredi-
tary, and autoimmune diseases [1]. It has recently been report-
ed that various other factors such as family history, smoking,
alcohol consumption, head trauma, diseases such as diabetes,
high blood pressure, and some renal pathologies also lead to
changes in hearing [2-5].

Polycystic ovary syndrome (PCOS) is a common endocrine dis-
ease affecting at least 10% of females of reproductive age [6].
It is described by hyperandrogenism, menstrual irregularity, an-
ovulation, infertility, and obesity [7]. It has also been associ-
ated with cardiovascular risk and early atherosclerosis [7-9].
In addition, PCOS is often accompanied by hyperinsulinemia,
insulin resistance, dyslipidemia, and low-grade chronic in-
flammation that predispose to endothelial damage [10]. Also,
high-frequency hearing is often affected sooner in diseases
that cause endothelial damage [11]. High-frequency (4000—
8000 Hz) hearing loss was first described in PCOS patients by
Oghan and Coksuer [12]. Kucur et al. also identified EH frequen-
cy (8000-14000) hearing loss in PCOS patients [11]. However,
these studies did not include any information about the as-
sociation between hearing thresholds and the known param-
eters of PCOS such as IR, LH/FSH ratio, hirsutism score, and
free testosterone index (FTI).

The aim of our study was to investigate the association be-
tween PCOS and hearing thresholds. In addition, the rela-
tionship among insulin resistance (IR), LH/FSH ratio, hirsut-
ism score, and FTI with hearing thresholds were investigated.

Material and Methods

Subjects

This prospective study enrolled 80 consecutive cases that ap-
plied to the endocrinology and gynecology polyclinics of our
hospital that met the inclusion criteria. Forty cases (mean age,
24.3346.38 years; range 16-46 years) that were diagnosed with
PCOS composed the PCOS group. Diagnosis of PCOS was ac-
cording to Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus
Workshop Group [13]. Forty age and body mass index (BMI)
matched female volunteers (mean age, 26.38+6.75 years; range
16-42 years) composed the control group. The study design
was confirmed by the local ethics committee (approval num-
ber: 11-26.12.2012) and informed consent was obtained from
all of the women that participated in the study.
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Exclusion criteria

For all participants, anamnesis was obtained, and otoscopic
examination and pure-tone audiometric tests were performed.
The exclusion criteria were: hyperprolactinemia, congenital ad-
renal hyperplasia, androgen-secreting tumors, thyroid disor-
ders, Cushing syndrome, vertigo, tinnitus, middle ear diseases,
major neurological and psychiatric disease, diabetes mellitus,
chronic kidney failure, chronic liver failure, hypertension or hy-
perlipidemia and similar chronic diseases, history of previous
ear surgery, family history of hearing loss, history of acoustic
trauma, conductive hearing loss, subject to ototoxic substanc-
es, autoimmune diseases, cancer, exposure to radiation in the
head or neck, pregnancy, smoking, alcohol use, ongoing infec-
tion or inflammation, and history of using any medication.

Audiometric evaluation and mean hearing levels

All patients had routine audiometric tests performed by the
same expert audiometrist blinded to the study. The pure-tone
audiometry (PTA) test was performed in a soundproof environ-
ment using an Interacoustic Clinical Audiometer (model AC40;
Denmark). PTA-low (250, 500, 1000, and 2000 Hz), PTA-high
(4000, 6000, and 8000 Hz) and PTA-extended high (9000, 10000,
11200, 12500, 14000, 16000, 18000, and 20000 Hz) frequen-
cies were tested. Hearing threshold levels were measured in
decibels (dB). In each case, the threshold level was calculated
for both ears and at every frequency. The threshold levels at
250 Hz, 500 Hz, 1000 Hz, and 2000 Hz were identified as low-
frequency audiometry, the thresholds at 4000 Hz, 6000 Hz, and
8000 Hz as high-frequency audiometry and the thresholds at
9000 Hz, 10000 Hz, 11200 Hz, 12500 Hz, 14000 Hz, 16000 Hz,
18000 Hz, and 20000 Hz as extended-high (EH) frequency au-
diometry and the mean value was calculated. The mean hear-
ing thresholds of the PCOS group and control group at PTA-low,
PTA-high, and PTA-EH frequencies were compared.

Morphometry

The physical examination of each of the women was per-
formed by the same endocrinology specialist. After one night
of fasting, height and weight were measured. BMI was calcu-
lated by dividing the weight by the square of height (kg/m?).
The degree of hirsutism was determined using the Ferriman-
Gallwey scoring (FGS) system [14].

Laboratory analyses

Blood samples were obtained during the follicular phase of
the menstrual cycle after 12 hours fasting. The fasting plasma
glucose levels (FPG) were evaluated using Roche Hitachi PP
Modular Analyzer (Roche-Hitachi, Tokyo, Japan) by enzymatic
colorimetric assay. Follicle-stimulating hormone (FSH), luteinizing
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Table 1. Demographic and laboratory findings in the study groups.

Control (n=40)

Age (year) 26.38+6.75
"""" Height(m) 1645006
"""" Weight ky  6673:1543
"""" BMI(kg/m2) 24871508
"""" ]GS as1s7
"""" FPG (mg/dl) 88831954
"""" nsulin @U/m) 9904375
"""" HOMA-R 2195092
© Total testosterone (ng/m) 073:028
"""" moo 1721098
"""" LWFSH  117:088
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Case (n=40) p

24.33+6.38 0.167
"""""""" 1626005 o028
""""""" 6238t1016 0140
""""""" 2385¢423 0330
""""""" 1430508 <0001
""""""" 949541076 0009
""""""" 14062961 0013
"""""""" 3282218 0005
"""""""" 137:053 <0001
"""""""" 3991322 <0001
"""""""" 1914126 0003

Data are mean +SD. BMI — body mass index; FPG — fasting plasma glucose; HOMA-IR — homeostasis model assessment for insulin
resistance; FGS — Ferriman-Gallwey score; FTI — free testosterone index; LH — futeinizing hormone; FSH — follicle-stimulating hormone.

Table 2. Comparison of the case and control groups in terms of the average hearing thresholds at PTA-low, PTA-high and PTA-EH

frequencies.
Frequency range Control (n=40) Case (n=40) p
PTA-low (right) 12.48+2.33 11.45+3.59 0.134

"""" PTA-ow (ef) 12052226 1170358 0601
"""" PTA-high (ight) ~ 1321:265 1403510 0372
"""" PTA-high (ef)  13.16:311  1410:492 0309
"""" PTAEH (righty  1496:509 2148867 0001
"""" PTA-EH (lef) ~  1598:58 1953689 0015
Data are mean +SD. PTA — pure tone audiometry, EH — extended-high.
hormone (LH), total testosterone (TT), sex hormone-binding glob- Results

ulin (SHBG), and insulin measurements were done using the
chemiluminescent immunoassay method with an Immulite 2000
(Diagnostic Products, Los Angeles, CA, USA) analyzer. Insulin re-
sistance was measured using the HOMA-IR (Homeostasis Model
Assessment for Insulin Resistance) index [15]. The free testos-
terone index (FTI) was calculated according to the formula 100x
serum testosterone (nmol/L)/SHBG (nmol/L) [16].

Statistical analysis

The descriptive statistics of the variables studied were given
as mean, standard deviation, and minimum and maximum val-
ues. The student t-test was used to compare data between the
control group and PCOS group. The Pearson correlation analysis
was used to identify the linear associations between the vari-
ables. The statistical significance level was taken as 5%, and
SPSS (version 21) was utilized for all statistical calculations.

The demographic data and laboratory findings of the study
groups are presented in Table 1. No difference was identi-
fied between the study groups with respect to age and BMI.
Significantly higher FGS, FPG, insulin, HOMA-IR, TT, FTI, and LH/
FSH measurements were identified in the PCOS group than in
the control group (p=0.001, 0.009, 0.013, 0.005, 0.001, 0.001,
and 0.003, respectively).

The comparison of the low, high, and EH frequency hearing
thresholds of the PCOS and control groups is presented in
Table 2. There was no statistically significant difference be-
tween the mean hearing thresholds of the groups at low or
high frequencies. On the other hand, the mean hearing thresh-
olds at EH frequencies were statistically significantly higher
in the PCOS group than in the control group (p=0.001 for the
right ear and p=0.015 for the left ear).
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Figure 1. (A) Correlation between EH-Right PTA measurements and FTI in PCOS group. (B) Correlation between EH-Left PTA

measurements and FTl in PCOS group.

A
40 o °
o [e]
o (o]
30
~ o 8 o o o
é o [e] [¢]
=
= . 8 o o .
(¢ [¢]
o o
geo o O
10 20 °
r=0.344, p=0.030
10 20 30 40
FGS

35- o
30- o o
o) [e) °
(o)
251 o O o o
(o) (o) ° (o)
Ezo- o o© o
s o 2 ’
o
R A
10
(o)
5 r=0.432, p=0.005
10 2 30 |
FGS

Figure 2. (A) Correlation between EH-Right PTA measurements and FGS in PCOS group. (B) Correlation between EH-Left PTA

measurements and FGS in PCOS group.

The correlation analysis of the PCOS group showed a positive
correlation between the EH frequency hearing threshold lev-
els and the FTI values (r=0.380, p=0.016 for the right ear and
r=0.360, p=0.022 for the left ear; Figure 1A, 1B). Also, a sig-
nificant positive correlation was identified between the hear-
ing thresholds at EH frequencies and the FGS value (r=0.344,
p=0.030 for the right ear and r=0.432, p=0.005 for the left
ear; Figure 2A, 2B). But there was no significant correlation
between the EH frequency and BMI, FPG, insulin, HOMA-IR,
LH/FSH (p>0.005) in the PCOS group.

Comparison of the PCOS and control groups in terms of the
average hearing thresholds at each frequency in PTA-EH mea-
surements are shown in Table 3. Hearing thresholds at each
frequency in PTA-EH were statistically significantly higher in
the PCOS group than in the control group except for left ear
20000 Hz.
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Discussion

There are various previous studies reporting that PCOS and
hearing loss are associated at high (4000-8000 Hz) and EH
(8000-14000 Hz) frequencies [11,12]. These studies do not
provide any information about the presence of a relationship
between hearing loss and known parameters of PCOS such as
IR, elevated LH/FSH ratio, hirsutism score, and elevated FTI. To
our knowledge, our study is the first study to investigate the
association of hearing thresholds with parameters such as IR,
LH/FSH ratio, hirsutism score, and FTI in PCOS cases.

In histological examination, Hwang et al. detected the presence of
microvascular structures with leaner walls in the stria vascularis
of the basal end of the cochlea in obese rats [17]. They also re-
ported that markers such as tumor necrosis factor alpha, hypox-
ia-induced factor 1, caspase 3, poly (ADP-ribose) polymerase-1,
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Table 3. Comparison of the case and control groups in terms of the average hearing thresholds at each frequencies in PTA-EH

measurements.
Frequency (Hz) Control (n=40)
9000
 Rgt 13356461
e 1358:483
""""""" 1000
- Rgt 1420£457
e 13981502
""""""" 1200
 Rigt 1465:515
e 15156601
""""""" 12s0
 Rgt 16081564
e 16884735
""""""" 14000
 Rgt 16456612
e 18384771
""""""" 1000
- Rgt 1615:584
e 1805:674
""""""" 18000
 Rgt 1508+488
e 16154545
""""""" 2000
 Rgt 1480£470
e 1600¢611

Case (n=40) p

17.40+£7.51 0.005
16.1845.76 0.032
18.95+8.33 0.002
17.05+6.07 0.016
21.15+9.01 <0.001
18.68+6.62 0.015
23.63+9.63 <0.001
21.70+8.37 0.008
25.35+10.20 <0.001
22.50+8.99 0.031
24.70+£10.18 <0.001
22.4348.55 0.013
20.48+7.76 <0.001
19.28+6.32 0.020
20.15+8.32 0.001
18.4046.19 0.085

Bold values indicate statistical significance. Data are mean +SD.

nuclear factor kappa B, and apoptosis inducing factor are pres-
ent in the basal end of the cochlea at high concentrations [17].
Various methods have been used to measure hearing thresh-
olds [18,19]. In our study, the hearing threshold levels at EH fre-
quencies (9000-20000 Hz) were statistically significantly higher
in the PCOS group when compared to the control group. However,
at low (250-2000 Hz) and high (4000-8000 Hz) frequencies, there
was no significant difference between the hearing thresholds
of the PCOS group and the control group. Our findings support
other studies that also reported findings suggesting that EH fre-
quencies which represent the basal end of the cochlea are of-
ten influenced sooner in disorders that cause endothelial and
vascular damage [17,20,21]. In one other study, it was report-
ed that chronic inflammation in PCOS could induce of hearing
loss, particularly at EH frequencies [11]. As exposure to the mul-
tifactorial agents of PCOS continues over time, this impairment
is likely to progress to involve low frequencies.

In previous studies, it was determined that hyperandrogenism
was associated with elevated blood pressure, low HDL cho-
lesterol, dysglycemia, insulin resistance, and abdominal obesi-
ty [22-27]. Endothelial damage and increased risk for cardio-
vascular disease in PCOS patients have also been reported [28].
Some of the biochemical and hormonal changes that occur in
PCOS have been identified as responsible for atherosclerosis
and endothelial dysfunction [11]. In light of all this informa-
tion, it can be suggested that the hyperandrogenism in PCOS
impairs microcirculation especially in the basal end of the co-
chlea through microangiopathy and leads to an elevation in
hearing thresholds at EH frequencies. In our study, we detect-
ed the presence of a positive correlation between the FTl and
FGS values and hearing thresholds at EH frequencies in the
PCOS group. However, there was no significant correlation be-
tween BMI, FPG levels, insulin levels, IR, or LH/FSH ratio and
hearing thresholds at EH frequencies. These results support
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the view that the elevation of testosterone levels (the funda-
mental cause of hirsutism in PCOS) may play a significant role
in the pathophysiology of elevated hearing thresholds.

This study has some limitations. First, it is a cross-sectional study
and therefore is incapable of assessing the changes that may
occur in hearing levels over time; new longitudinal studies are
required to investigate the causal role of PCOS in hearing loss.
Second, the number of cases studied was small. New studies con-
ducted with larger case populations are needed to elucidate the
influence of PCOS and various risk factors on auditory functions.

Conclusions

At PTA-EH frequencies, we detected significantly higher hear-
ing thresholds in PCOS patients than in controls. We also
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determined that elevated FTI and FPG levels were positively
correlated with elevated hearing thresholds. These findings
support the position that one of the most important factors
playing a role in the elevation of hearing thresholds in PCOS
is hyperandrogenism, which is a fundamental component of
PCOS. A positive correlation was identified between elevat-
ed hearing thresholds and hirsutism scores (FGSs), which can
easily be calculated during physical examination. We believe
that PCOS-related hyperandrogenism plays an important role in
sensorineural hearing loss and that this effect can be avoided
by managing identified risk factors. Also, early hearing screen-
ing may help diagnose HL early, especially in PCOS cases with
significant hyperandrogenism and hirsutism.
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