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ABSTRACT

Obstructive sleep apnea syndrome (OSAS) is a common breathing
disorder that is characterized by snoring, apnea and hypopnea attacks
as a result of airway obstruction during sleep, and can lead to hearing
loss. Obstructive sleep apnea syndrome can cause complications
in many organ systems associated with ischemia and intermittent
hypoxia that develop with recurrent apnea attacks. Because the
cochlea is highly dependent on the amount of oxygen, repeated apnea
attacks can cause damage to cochlear cells. One study found that
obstructive sleep apnea increases the likelihood of hearing loss by
21%. This study aims to determine the effect of OSAS on hearing and
raise awareness on this issue by compiling studies in the literature
examining the relationship between obstructive sleep apnea syndrome
and hearing loss. In studies conducted with pure tone audiometry
evaluation in individuals with OSAS, it has been reported that hearing
thresholds are higher, especially at high frequencies. In studies
where OSAS patients were evaluated with otoacoustic emission
(OAE) measurement, the results varied, but lower repeatability,
signal-to-noise ratio and amplitude were obtained, especially at
high frequencies. In studies examining auditory brainstem responses
(ABR) in OSAS patients, absolute latencies and interpeak latencies
were often found to be prolonged compared to the control group.
In the audiological evaluation of patients with OSAS symptoms
and suspected hearing loss who apply to the audiology clinic, high-
frequency pure tone audiometry, OAE and ABR measurements,
as well as pure tone audiometry measurements, are thought to be
important for early diagnosis and treatment.
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Obstriiktif Uyku Apne Sendromunda Odyolojik Bulgular

Obstriiktif uyku apne sendromu (OUAS), uyku sirasinda hava yolunun
tikanmas1 sonucu horlama, apne ve hipopne ataklan ile karakterize,
isitme kaybina yol agabilen yaygin bir solunum bozuklugudur. OUAS,
tekrarlayan apne ataklartyla gelisen iskemi ve aralikli hipoksi ile iligkili
olarak birgok organ sisteminde komplikasyonlara neden olabilir. Koklea,
oksijen miktarina olduk¢a bagimli oldugundan dolay1 tekrarlayan apne
ataklar1 koklear hiicrelerde hasara neden olabilir. Yapilan bir ¢alismada
obstriiktif uyku apnesinin %21 oraninda isitme kayb1 olasiligin1 artirdig1
bulunmustur. Bu ¢alisma, obstriiktif uyku apne sendromu ile isitme
kayb1 arasindaki iliskiyi inceleyen literatiirdeki arastirmalar1 derleyerek
OUAS’1n igitme tizerindeki etkisini belirlemek ve bu konuda farkindalik
yaratmay1 amaglamaktadi. OUAS’li bireylerde saf ses odyometri
degerlendirmesi ile yapilan galigmalarda 6zellikle yiiksek frekanslarda
isitme esiklerinin daha yiiksek oldugu rapor edilmistir. Obstriiktif uyku
apne sendromu hastalarinin otoakustik emisyon (OAE) ol¢timii ile
degerlendirildigi c¢aligmalarda sonuglar farklilk gostermekle birlikte
ozellikle yiiksek frekanslarda daha diisiik tekrarlanabilirlik, sinyal-
giiriiltii oran1 ve amplitiid elde edilmistir. Obstriiktif uyku apne sendromu
hastalarinda isitsel beyin sap1 yanitlarmi (ABR) inceleyen galigmalarda
sikhkla mutlak latans ve interpeak latanslarm kontrol grubuyla
kargilastirildiginda uzamig oldugu bulunmustur. Odyoloji klinigine
basvuran OUAS semptomlar1 ve isitme kaybi siiphesi olan hastalarn
odyolojik degerlendirmesinde, saf ses odyometri 6lgiimlerinin yani sira
yiiksek frekansli saf ses odyometri, OAE ve ABR ol¢iimlerinin de erken
tan1 ve tedavi agisndan 6nemli oldugu diisiiniilmektedir.

Anahtar kelimeler: obstriiktif uyku apne sendromu; isitme; isitme kaybi
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is a common between 2—4% in the general population, its prevalence exceeds
respiratory disorder characterized by snoring, apnea and 50% in some countries (Benjafield et al., 2009; Iriz, Diizli,
hypopnea attacks that occur as a result of obstruction of the  Koktiirk, Kemaloglu, Eravci, Kiiiikiinal, & Karamert, 2018).
airways during sleep (Kalathingal, Vijendra Shenoy, Kamath, Additionally, advancing age, male gender and higher body mass
Sriperumbudur, Parvathareddy, Mohan Kumar, & Acharya, index increase the prevalence of OSAS (Senaratnaet al., 2017).
2023)) Although the prevalence of OSAS is stated to vary Obstructive sleep apnea syndrome can cause complications in
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many organ systems, associated with ischemia and intermittent
hypoxia that develop with recurrent apnea attacks (Gozeler &
Sengoz, 2020). There is also evidence that OSAS is a risk factor
for hypertension, stroke and cardiovascular diseases (McArdle,
Hillman, Beilin, & Watts, 2007).

The cochleais highly dependent on the amount of oxygen because
it receives its blood needs from a single terminal arterial source
and has insufficient collateral circulation. Therefore, repeated
apnea attacks can cause damage to cochlear cells. It has also
been reported that reactive oxygen species or free radicals may
form in OSAS, which can damage the cochlea (Kalathingal et
al., 2023). Therefore, it has been reported that cochlear functions
are affected in OSAS patients due to intermittent hypoxemia and
decreased blood oxygen saturations (iriz et al., 2018; Chopra et
al., 2016; Kayabasi, Hizli, &Yildirim, 2019).

In patients with obstructive sleep apnea syndrome, recurrent
apnea attacks may lead to a decrease in oxygen content in the
cerebrovascular circulation and the arteries feeding the cochlea,
resulting in a severe hypoxemic condition (Kalathingal et al.,
2023; Martines, Ballacchino, Sireci, Mucia, La Mattina, Rizzo,
& Salvago, 2016; Deniz, Ciftci, Ersozli, Giiltekin, & Alp, 2016).
This condition may disrupt the conduction of auditory nerve
impulses or cause abnormalities in the central auditory pathways,
resulting in temporary or permanent loss of hearing (Lim et al.,
2023; Kuhn, Heman-Ackah, Shaikh, & Roehm, 2011; Wang et
al.;2022). 1t is also assumed that increased blood viscosity in
these patients may affect the auditory system by causing changes
in microcirculation (Kuhn et al., 2011). A prospective study
conducted in France by Lisan et al. (2020) found that obstructive
sleep apnea increased the likelihood of hearing loss by 21%. It
has also been stated that another possible cause of hearing loss
in patients with severe OSAS may be acoustic trauma resulting
from loud snoring (Kayabasi et al., 2019).

In this study, studies in the literature investigating the relationship
between OSAS and hearing loss were examined and it was
aimed to determine the effect of OSAS on hearing and to raise
awareness on this issue. In this review study, 35 studies published
in PubMed, Web of Science and Scopus electronic databases
between 2010 and 2024 that examined the relationship between
obstructive sleep apnoea syndrome and hearing loss were
examined. Within the scope of this review, since audiological
evaluations differ in studies conducted on OSAS patients, the
findings are given under subheadings according to test batteries.

Pure Tone Audiometry and Speech Audiometry

The studies showed that evaluate the auditory system in patients
with obstructive sleep apnea, it has been observed that both low
and high frequencies are affected (Gozeler & Sengoz, 2020;
Chopra et al., 2016; Kasemsuk et al.;2023). Lee & Lee (2023)
emphasizing that in their studies, moderate and high risk groups
in terms of OSAS showed significantly worse hearing levels than
the low risk group. In this study, they stated that the presence of

33

TJAHR 2024;7(3):32-36

OSAS affected the hearing level. However, Hwang, Chen, Hsu,
& Liu (2011), have reported that the presence of OSAS does
not affect the hearing thresholds of patients. Similarly, Casale,
Vesperini, Potena, Pappacena, Bressi, Baptista, & Salvinelli
(2012) reported that hearing thresholds in patients with OSAS
were within normal limits, but were significantly higher than
those in the control group.

Varying degrees of sensorineural type hearing loss have been
observed in individuals with moderate and severe OSAS in the
literature (Deniz et al., 2016; Kasemsuk et al./2023). In many
studies conducted in patients with OSAS, it has been found that
hearing thresholds are significantly higher, especially at high
frequencies, compared to the control group (Kalathingal et al.,
2023; Martines et al., 2016; Wang et al.,2022; Ekin, Turan,
Arisoy, Gunbatar, Sunnetcioglu, Asker, & Yildiz, 2016; Li,
Chen, Zhang, Liang, Guo, Lu, & Ye, 2020; Matsumura, Matas,
Magliaro, Pedreio, Lorenzi-Filho, Sanches, & Carvallo, 2016;
Chauhan, Guleria, Sharma, Minhas, Dadwal, & Mohindroo,
2022). In a study conducted in severe OSAS patients, it was
reported that high-frequency hearing thresholds worsened,
and this loss was reported to be correlated with the severity
of OSAS (Vorlova, Dlouha, Kemlink, & Sonka, 2016). In a
study conducted in patients with moderate and severe OSAS, a
higher rate of hearing loss (41.66%) was reported, especially at
frequencies of 6-16 kHz (Martines'et al., 2016).

In a study conducted on 794 men between the ages of 4065, it
was found that the risk of hearing loss in men in the medium and
high-risk OSAS group was significantly increased compared to
the low-risk group, especially at high frequencies such as 4 kHz
(Li, Wang, Cui, Ren, Xin, & Chen, 2022). This can be explained
by the hypothesis that the outer hair cells in the basal region of
the cochlea, responsible for high-frequency hearing, are much
more sensitive to hypoxia than the apical region (Lim et al.,
2023).

Chen, Shen, Lee, Sun, Chen, Chuang, & Li (2021) in their study,
idiopathic sudden sensorineural hearing loss was subsequently
observed in 28 (0.33%) of 8500 patients with OSAS. In the
study, less improvement was found in hearing thresholds after
treatment in patients with OSAS compared to the control group,
especially at higher frequencies (4000 and 8000 Hz). Also Sheu,
Wu, & Lin (2012) found in their study that male patients with
sudden sensorineural hearing loss were more likely to have had
OSAS before than controls. This suggested that OSAS may be
associated with sudden sensorineural hearing loss (Chen et al.,
2021).

It has been assumed in the literature that intermittent hypoxemia
due to OSAS may have negative effects on both speech
discrimination and hearing function. It has been reported in
the literature that average pure tone thresholds and speech
reception thresholds are higher in the OSAS group, and speech
discrimination scores are significantly lower in the severe OSAS
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group (Solmaz, Ekim, & Simsek, 2023). Kayabasi et al. (2019)
in their study, they stated that while high-frequency hearing
thresholds and speech discrimination scores were affected in
individuals with moderate sleep apnea, all hearing functions
were significantly affected in those with severe sleep apnea.
However, there is also a study in which a significant decrease
was observed in speech discrimination scores compared to the
control group, although the hearing thresholds of individuals
with OSAS were within normal limits. These findings suggest
that recurrent hypoxic episodes in OSAS may cause impairments
in the central auditory pathways, even if the hearing threshold is
within normal limits (iriz et al., 2018).

Tinnitus

There are also studies in the literature reporting that the risk of
tinnitus is high in OSAS patients (Martines et al., 2016; Koo &
Hwang, 2017). It has been reported that high-frequency snoring
sound energy, in particular, can cause tinnitus by affecting the
cochlea (Lu, Lee, Lee, & Li,2022). In a study, a tinnitus rate of
31.03% was reported in the mild OSAS group, while a tinnitus
rate of 57.14% was found in the moderate and severe OSAS
group (Martines et al., 2016). In another study examining 115
patients diagnosed with OSAS, the tinnitus prevalence was
found to be 38.26% (Liu, Wang, Hong, & Zhongshan, 2018).
In addition, Hildebrandt, Koehler, Conradt, Hildebrandt, Cassel,
Degerli, & Viniol (2024) reported that the duration of tinnitus
was correlated with the severity of OSAS. A recent meta-
analysis found that the association between sleep apnoea and
tinnitus was not significant for patients with mild or moderate
sleep apnoea, but was significant for patients with severe sleep
apnoea (Gao, Tan, Liu, Chen, & Liu, 2024).

Otoacoustic Emission (OAE) Measurements

In individuals with OSAS, hypoxia may affect outer hair
cell function and cause a decrease in otoacoustic emission
responses. In a study comparing OSAS severity, they reported
that in the OAE test, all patients in the control and mild OSAS
groups passed the test, but 9 of 40 patients in the moderate
OSAS group and 16 of 40 patients in the severe OSAS group
failed the test (Deniz et al., 2016). In another study examining
transient evoked otoacoustic emissions (TEOAE) responses
in OSAS patients, low repeatability and signal-to-noise ratio
(SNR) values were obtained (Casale et al., 2012). In another
study examining the effect of OSAS on TEOAE responses, no
statistically significant difference could be obtained between the
patient and control groups in terms of SNR or amplitude values,
while the repeatability rate was found to be significantly lower
in the study group (Gozeler & Sengoz, 2020). Martines et al.
(2016) evaluated TEOAE responses in severe OSAS patients
and found significantly lower SNR values only at 3 kHz and 4
kHz frequencies.

In the study conducted by Baki (2018), no statistically significant
difference was found between the OSAS group and the control
group in the distortion product otoacoustic emissions (DPOAE)
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values of 1.0 kHz, 1.4 kHz, 2.0 kHz, 2.8 kHz and 4.0 kHz in
the right and left ears. In contrast to this study, other studies in
the literature showed that DPOAE amplitudes were affected in
OSAS patients (Casale et al., 2012; Li et al., 2020). It has been
stated that DPOAE amplitudes are lower at all frequencies in
both ears in individuals with severe OSAS (Matsumura et al.,
2018). Kalathingal et al. (2023) consistent with other studies in
the literature, found that there was no DPOAE response at high
frequencies (4 kHz, 6 kHz, 8 kHz) in 62.5% and 95% of the
moderate and severe OSAS groups, respectively. It is thought
that the significantly lower OAE levels in individuals with
OSAS is due to its relationship with the sensitivity of cochlear
hair cells to blood oxygen levels (Sheu et al., 2012).

Auditory Evoked Brainstem Responses (ABR)

Casale et al. (2012) examined auditory evoked brainstem
responses in OSAS patients in addition to pure tone audiometry
and otoacoustic emission measurement. In this study, they
reported that the mean latencies of waves I, III, and V in
OSAS patients were prolonged compared to the control group,
especially for wave V. When Interpeak Latency (IPL) was
examined, they reported that I-III, -V and III-V IPLs were
significantly higher in OSAS patients compared to the control
group. Similarly, another study reported significant changes in
wave V latency in individuals with OSAS (Matsumura et al.,
2016).

In a study evaluating ABR at 11/s and 51/s stimulation rates,
it was observed that wave I and wave V latencies in the OSAS
group were longer than the control group in both measurements
(Li et al., 2020). Wang, Su, Kong, Pang, & Kang (2016), they
found longer latencies in waves I and V in OSAS patients
compared to the control group. Additionally, in this study, both
wave III and wave V latencies and I-III and I-V interpeak
latencies were found to be longer in male patients with severe
OSAS than in female patients. Simsek, & Aslan (2024) found a
statistically significant difference in 1. wave latency in the right
and left ear between control, moderate OSAS and severe OSAS
groups.

Contrary to these studies, Vorlova et al. (2016) did not detect
significant differences in auditory brainstem responses among
patients in their study in which they grouped their participants
according to OSAS severity. Similar to this study, in a study
conducted in 2019, there was no significant difference in Click-
ABR results between the OSAS group and the control group
in terms of absolute latency (I-1II-V) and IPL (I-1II, II-V).
However, in this study, it was observed that OSAS patients had
longer latency values in speech-ABR than the control group (Fu,
Wang, Liang, Lin, Zhao, Wan, & Fan, 2019).

In the study conducted by KouzoS., Talaat, BahgatY., Zamel,
& Eldeeb (2020), it was reported that both the mean absolute
latencies of waves I, III and V, and the latencies between waves
I-III, I-V and III-V were significantly prolonged in OSAS
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patients compared to the control group. Similarly, Gallina,
Dispenza, Kulamarva, Riggio, & Speciale (2010) observed an
increased I-V wave interval in auditory brainstem responses in
36.5% of OSAS cases.

The significant prolongation of ABR wave latencies and
interpeak latencies observed in OSAS patients is thought to be
a result of chronic intermittent hypoxia causing oxidative stress
and systemic inflammation in the higher auditory pathways
(Lim'et al., 2023).

CONCLUSION

The research showed that obstructive sleep apnea appears to
cause changes in the auditory system and often affects hearing
at high frequencies. It is thought that high frequency pure tone
audiometry, OAE and ABR measurements, in addition to pure
tone audiometry measurements, are important for early diagnosis
and treatment in the audiological evaluation of patients with
OSAS symptoms and suspicion of hearing loss who apply to the
audiology clinic.
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