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SUMMARY

Purpose: The traumatic effects of intense snoring sound on the cochlea of snoring patient are still unclear. The aim of this study was to
investigate whether snoring sound over 65 dB caused a perceivable hearing loss in snoring patients.

Method: We included 72 patients with a pre- diagnosis of sleep apnea. To investigate the effects of snoring sound, we constituted two
groups by reference to the max snoring sound level: lower snoring sound group (<65 dB) and higher snoring sound group (>65 dB). We
compared audiology parameters and the ratios of presence of a pure- tone threshold shift over 20 dB at every single frequency of both ears
between these groups.

Results: Compared with lower snoring sound group, the median thresholds at 250, 500, 1000, 2000, 4000 and 8000 Hz; pure- tone
averages and speech recognition threshold values were significantly higher in the right ears of high snoring sound group (p<0.001, p=0.004)
as were in the left ears (p<0.001, p=0.005). The ratios of presence of a pure- tone threshold over 20 dB at 4000 Hz and 8000 Hz were
significantly higher in high snoring sound group both for right (p=0.002 for 4000 Hz, p=0.001 for 8000 Hz) and left ears (p=0.002 for 4000
Hz, p<0.001 for 8000 Hz).

Conclusion: Snoring sound over 65 dB might negatively affect hearing functions in patients with sleep apnea, causing a perceivable
hearing loss (threshold increase over 20 dB) at 4000 Hz and 8000 Hz.
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HORLAMA SESI GURULTUYE BAGLI iSITME KAYBINA NEDEN OLABILIR Mi?

OZET

Amag: Horlama sesinin horlayan hastanin kokleas1 {izerindeki travmatik etkileri hala belirsizdir. Bu ¢alismanin amaci, 65 dB tizerindeki
horlama sesinin horlayan hastalarda algilanabilir bir isitme kaybina neden olup olmadigini arastirmaktir.

Yontem: Caligmaya uyku apnesi On tanist almig 72 hasta dahil edildi. Horlama sesinin etkilerini aragtirmak i¢in, maksimum horlama ses
seviyesine gore iki grup olusturuldu: diisiik horlama ses grubu (<65 dB) ve yiiksek horlama ses grubu (> 65 dB). Bu gruplar arasindaki her
iki kulagn her bir frekansinda odyoloji parametrelerini ve 20 dB iizeri saf ses esik kaymasi bulunma oranlarini karsilastirdik.

Bulgular: Diisiik sesle horlayan grupla karsilastirildiginda, 250, 500, 1000, 2000, 4000 ve 8000Hz' deki median esik degerleri; saf ses
esik ortalamalar1 ve SRT degerleri, yiiksek ses grubunun hem sag kulaklarinda (p <0.001, p = 0.004) hem de sol kulaklarinda anlamli
derecede yiiksekti (p <0.001, p = 0.005). Yiiksek sesle horlayanlarin hem sag kulaklarinda (4000Hz i¢in p =0.002, 8000Hz igin p =0.001)
hem de sol kulaklarinda (4000Hz i¢in p= 0.002, 8000Hz i¢in p <0.001) 4000Hz ve 8000HZ' de 20 dB iizerinde esik artig1 bulunma oranlari
anlamli derecede yiiksekti.

Sonug: 65 dB iizerindeki horlama sesi, OSA hastalarinda isitme islevlerini olumsuz etkileyerek 4000Hz ve 8000 Hz' de algilanabilir bir
isitme kaybina (20 dB iizerinde esik artis1) neden olabilir.

Anahtar Sozciikler: Uyku apnesi, horlama, giiriiltii, isitme kaybi, polisomnografi, odyometri

characteristics of the snoring sound and
INTRODUCTION polysomnography parameters". Persistent
snoring sound may not be an awakening trigger
for the bed partner of a snoring patient’ but the
traumatic effects of intense snoring on the
cochlea of snoring patient are still unclear.
Snoring sound over 65 dB exposed for many
years regarding the duration of the sleep
disordered breathing may contribute to the

Snoring is the sound caused by the
vibration of soft tissues due to upper airway
resistance, and is the most common and major
symptom  of  obstructive  sleep  apnea
syndrome(OSA)'. Acoustic analysis of the
snoring sound revealed a correlation between the
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6 However, to the best of our knowledge, a
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limited number of studies previously
investigated the effects of snoring sound on
hearing functions of snoring patients and their
bed partners’.

The aim of this study was to investigate
whether snoring sound over 65 dB caused a
perceivable hearing loss in snoring patients,
analyzing the changes in audiology parameters.

MATERIAL and METHODS

We provided the approval of the local
ethical committee (IRB Number: 09/01/2019-01-
07) for this prospective- clinical study and
conducted the study in line with the dictates of
the World Medical Association Declaration of
Helsinki. We included 72 patients who were
admitted to sleep disorders outpatient clinic.
After taking a detailed medical history of all
patients, we performed a comprehensive
otolaryngologic and rhinologic examination, a
pure- tone audiometry and a whole- night (type
1) polysomnography. We excluded the patients
with the age of over 55 years (to avoid the
effects of presbycusis) and the patients with any
ear disease that might affect hearing functions
including otitis media, perforated tympanic
membrane, otosclerosis, Meniere"s disease,
acoustic trauma, ototoxicity, and the patients
with a history of otologic surgery. We used the
Alice® 5 Diagnostic Sleep System (Respironics,
Murrysville, PA, USA) linked to the Alice®
Sleepware? software for whole -night PSG (Type
1) and we used fully -calibrated and well-
maintained Orbiter 922- version 2 clinical
audiometer (Madsen Electronics, Copenhagen,
Denmark) for pure -tone audiometry. We noted
the maximum snoring sound level (highest
snoring sound level recorded during sleep),
apnea- hypopnea index (AHI) and Desaturation
index (DI) of each patient. Additionally, we
noted the ages, genders, pure- tone averages (air
conduction and bone conduction), pure- tone
thresholds (PTT) (bone conduction) at 250, 500,
1000, 2000, 4000 Hz, and PTTs (air conduction)
at 8000 Hz, speech discrimination scores (SDS)
and speech recognition thresholds (SRT) of all
patients. To investigate the effects of snoring
sound, we constituted two groups by the
reference of max snoring sound level: lower
snoring sound (LSS) group (as control group)
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consisted of the patients with a max snoring
sound level 7?65 dB and higher snoring sound
(HSS) group (as study group) consisted of the
patients with a max snoring sound level >65 dB.
Because it was the highest amount of sound that
the cochleas of the patients were exposed during
sleep, we used the highest snoring sound level
measured (max snoring sound), to constitute the
groups. We considered the term "noise" as
intense sound over 65 dB, because sound
intensity of normal conversation was reported to
be under 65 dB®. Hence, the division limit of two
groups was 65 dB in this study. To measure the
max snoring sound level of the patients, we used
an android smartphone (Samsung Galaxy A5
SM-A520, Samsung Electronics Ltd., Korea). To
achieve an accurate measurement, we used the
method previously described by Shin et al’.
According to this method, we located the
smartphone on the upper side of the shoulder
without any special restriction, after a full
calibration of the smartphone in silence. During
patient monitoring, we ensured that all the
sounds recorded during the sleep was snoring
sound, and the records from other sources (sleep
talking sound, outside sounds etc.) were
excluded from the study. Firstly, we compared
the pure- tone averages, PTTs, SRTs and SDSs
of both ears between these groups. Then, we
compared the ratios of presence of a PTT over
20 dB at every single frequency, between the
groups. Additionally, we investigated the
association between snoring sound intensity and
severity of OSA. Finally, to facilitate the inter-
study comparability, we utilized American
Academy of Otolaryngology? Head and Neck
Surgery minimal reporting standard for reporting
audiometric data'” and constituted scatter
diagrams of pretreatment hearing results.

Statistical Analysis

We presented the results as median (min-
max). We investigated the distribution pattern of
the data using Kolmogorov- Smirnov normality
test. To compare AHIs, PTTs at 250, 500, 1000,
2000, 4000 and 8000 Hz; air-conduction and
bone- conduction pure- tone averages; SRT
values and SDS values of the groups, we used
Mann Whitney- U test. To compare the ratios of
presence of a PTT over 20 dB at every single
frequency between the groups, we used chi-
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square test. To investigate the association of
snoring sound intensity with AHI and DI, we
used Spearman correlation test. For analysis of
all data, we used SPSS 16.0 software for
Windows (SPSS, Inc, Chicago, IL, USA). We
considered a P value less than 0.05 statistically
significant.

RESULTS

Seventy- two patients were eligible for
this study. LSS group consisted of 37 patients
(21 males and 16 females; mean age: 38 +6 yrs)
and HSS group consisted of 35 patients (24
males and 11 females; mean age: 40 =7 yrs). The
groups were age and gender- matched (p=0.19
p=0.3, respectively). The mean max snoring
sound level of LSS group was 59 +4 (50 -65) dB
and the mean max snoring sound level of HSS
group was 69 +4 (66- 77) dB. The median AHI
was significantly higher in HSS group [55 (21-
129)] compared with LSS group [10.4 (1.4-
39.1)] (P<0.001). Thus, intense snoring was
associated with increased AHI.

Fig. 1 represents the scatter diagram of
the patient numbers according to pure tone
averages (500-1000-2000-3000 Hz) and SDSs of
the right ears'’. Fig. 2 represents the scatter
diagram of the patient numbers according pure
tone averages (500-1000-2000-3000 Hz) and
SDSs of the left ears'.
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Figure 1: The scatter diagram of the patient numbers
according to pure tone averages (500-1000-2000-3000
Hz) and SDSs of the right ears.
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Figure 2: The scatter diagram of the patient numbers
according to pure tone averages (500-1000-2000-3000
Hz) and SDSs of the left ears.

Compared with LSS group, the median
PTTs at 250, 500, 1000, 2000, 4000 and 8000
Hz; median air- conduction and bone-
conduction pure- tone averages; and median SRT
values were significantly higher in the right ears
of HSS group (p<0.001, p=0.004) (Table 1) as
were in the left ears of HSS group (p<0.001,
p=0.005) (Table 2). Additionally, compared with
LSS group, median SDS value was significantly
lower in the right ears of HSS group (p=0.011)
(Table 1), as was in the left ears of HSS group
(0.017) (Table 2). Thus, snoring sound over 65
dB was significantly associated with impairment
of all hearing functions.

The ratios of presence of a PTT over 20
dB at every single frequency were presented in
Table 3 for the right ears and in Table 4 for the
left ears. For the right ears, the ratio of presence
of a PTT over 20 dB at 4000 Hz was 28.6% (10
patients) in HSS group and 2.7% (1 patients) in
LSS group, thus significantly greater in HSS
group (X 2= 9.29, p= 0.002). The ratio of
presence of a PTT over 20 dB at 8000 Hz was
37.1% (13 patients) in HSS group and 5.4% (2
patients) in LSS group, again, significantly
greater in HSS group (X 2= 10.98, p=0.001).

For the left ears, the ratio of presence of a
PTT over 20 dB at 4000 Hz was 28.6% (10
patients) in HSS group and 2.7% (1 patients) in
LSS group, thus significantly greater in HSS
group (X 2= 9.29, p= 0.002). The ratio of
presence of a PTT over 20 dB at 8000 Hz was
45.7% (16 patients) in HSS group and 5.4% (2
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patients) in LSS group, again, significantly
greater in HSS group (X 2= 15.58, p< 0.001).
Comparisons revealed that snoring sound
affected all hearing functions but its effects on
hearing functions were found to be significant
particularly at 4000 Hz and 8000 Hz frequencies,
causing a perceivable threshold increase (over
20dB).
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Spearman correlation test revealed that
snoring sound level was positively, significantly,
and strongly correlated with AHI (rho: 0.87,
p<0.001) and DI (rho: 0.83, p<0.001). Thus,
snoring sound intensity was associated with the
severity of OSA.

Table 1. Comparison of the median PTT, pure tone average, SRT and SDS values of the groups for the

right ears
Lower (<65 dB) Higher (>65 dB) P value*
snoring sound group snoring sound group
PTT at 250 MHz (dB) 8 (5-13) 10 (6-30) <0.001
PTT at 500 MHz (dB) 8 (3-13) 12 (5-30) <0.001
PTT at 1000 MHz (dB) 8 (3-15) 10 (6-30) <0.001
PTT at 2000 MHz (dB) 8 (3-15) 12 (8-17) <0.001
PTT at 4000 MHz (dB) 10 (3-50) 16 (10-40) <0.001
PTT at 8000 MHz (dB) 10 (5-40) 20 (10-80) <0.001
Pure- tone average (air 9 (4-14) 12 (7- 22) <0.001
conduction) (dB)
Pure- tone average (bone 8 (3-13) 11 (5-19) <0.001
conduction) (dB)
SRT (dB) 5(0-20) 15 (0-30) 0.004
SDS (%) 92 (80-100) 88 (68-100) 0.011

PTT: pure tone threshold, SRT: speech recognition threshold, SDS: speech discrimination score, *

of Mann Whitney- U test.
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Table 2. Comparison of the median PTT, pure tone average, SRT and SDS values of the groups for the
left ears

Lower (<65 dB) Higher (>65 dB) P value*
snoring sound group snoring sound group
PTT at 250 MHz (dB) 10 (5- 15) 15 (5-20) <0.001
PTT at 500 MHz (dB) 10 (5-17) 12 (5-35) <0.001
PTT at 1000 MHz (dB) 8 (5-17) 13 (5-35) <0.001
PTT at 2000 MHz (dB) 8 (5-20) 13 (5-30) <0.001
PTT at 4000 MHz (dB) 10 (5-60) 17 (8-40) <0.001
PTT at 8000 MHz (dB) 11 (5-40) 20 (10-70) <0.001
Pure- tone average (air 9 (4-18) 13 (6-35) <0.001
conduction) (dB)
Pure- tone average (bone 8 (3-18) 12 (5-20) <0.001
conduction) (dB)
SRT (dB) 10 (0-20) 10 (0-40) 0.005
SDS (%) 90 (80-100) 88 (68-100) 0.017

PTT: pure tone threshold, SRT: speech recognition threshold, SDS: speech discrimination score, *
of Mann Whitney- U test.

Table 3. Comparison of the ratios of the presence of a PTT over 20 dB at every single frequency between
the groups (right ears)

Lower (<65 dB) Higher (>65 dB) P Value X’Value

snoring sound snoring sound

group group
*at 250 MHz 0 (0 %) 1(2.94 %) 0.3 1.07
*at 500 MHz 0 (0 %) 1(2.94 %) 0.3 1.07
*at 1000 MHz 0 (0 %) 1(2.94 %) 0.3 1.07
*at 2000 MHz 0 (0 %) 0 (0 %) - -
*at 4000 MHz 1 (2.7 %) 10 (28.6 %) 0.002 9.29
*at 8000 MHz 2 (5.4 %) 13 (37.1 %) 0.001 10.98

* the ratio of the presence of a pure- tone threshold over 20 dB
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Table 4. Comparison of the ratios of the presence of a PTT over 20 dB at every single frequency between

the groups (left ears)

Lower (<65 dB) Higher (>65 dB) P Value X’Value
snoring sound snoring sound
group group

*at 250 MHz 0 (0 %) 1(2.94 %) 0.3 1.07

*at 500 MHz 0 (0 %) 1(2.94 %) 0.3 1.07

*at 1000 MHz 0 (0 %) 1(2.94 %) 0.3 1.07

*at 2000 MHz 0 (0 %) 2 (5.7 %) 0.14 2.17

*at 4000 MHz 1 (2.7 %) 10 (28.6 %) 0.002 9.29

*at 8000 MHz 2 (5.4 %) 16 (45.7 %) <0.001 15.58

* the ratio of the presence of a pure- tone threshold over 20 dB

DISCUSSION

The effects of the noise exposure on
hearing functions may vary due to intensity of
the noise, exposure duration and exposure
pattern''. Overexposure to hazardous levels of
noise may be defined as noise- induced hearing
loss (NIHL). A common type of NIHL is
occupational hearing loss. In recent studies,
NIHL of different worker groups like textile
workers and military pilots were reported'>".
Al- Omari et al. reported that the pilots with a
higher flying hours had a significantly greater
risk of NIHL'?>. Thus, exposure time has a
significant clinical implication as does intensity
of the noise. Although snoring sound is not an
occupational noise source and not intense as
occupational sounds, it can be considered as a
noise source for OSA patients causing a NIHL
because of long exposure durations regarding the
duration of disease. In our previous publication,
we reported the cross- sectional association
between the severity of OSA and hearing loss'.
Although the causative mechanism of hearing
loss in OSA patients is not clear, snoring sound
might be a contributing factor for hearing loss,
because we found a significant correlation
between the snoring sound intensity and the
severity of OSA in this study. Snoring sound
may affect the cochleas of both snoring patients
and their bed partners but the most significant
negative effect is expected to occur in the patient
him/herself, because the harsh sound produced
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from resistant upper airway directly reaches to
the cochlea of the patient by bone-way
conduction as well as airway conduction.
However, snoring sound might affect the quality
of life of the bed partner’, as well as the
patient'>'°. Sardesai et al. reported a relationship
between snoring and hearing loss, and they also
suggested further investigations addressing this
topic’. In this study, we aimed to reveal the
negative effects of snoring sound on the cochleas
of snoring patients regardless the severity of the
disease. We found a perceivable hearing loss
particularly at higher frequencies in patients with
snoring sound over 65 dB.

OSA is a multisystem disease
characterized by repetitive episodes of complete
or partial upper airway obstruction. Upper
airway obstruction in OSA patients results in
chronic intermittent hypoxemia and reduced
blood oxygen saturation'’. It has many negative
effects on multiple systems including cochlear
and vestibular systems*®'®"".  The main
mechanism of hearing loss in OSA is still a
matter of debate. However, snoring sound might
be a contributing factor of hearing loss in OSA
patients. In our study, we constituted two groups
by reference to the snoring sound level and
compared the audiology parameters of two
groups. We set the snoring sound level
measurement equipment in the sleep laboratory
along with the polysomnography. Because our
groups were age and gender matched, the only



Serkan KAYABASI, MD; Omer HIZLI, MD; Giiven YILDIRIM, MD;
Is Snoring Sound A Cause of Noise- Induced Hearing Loss?

decoupling factor between the study group and
the control group was snoring sound level. We
thought that long- term exposure to snoring
sound over 65 dB might contribute to the hearing
impairment in OSA patients. However, Cathcart
et al. reported a night- to- night variety in
snoring sound intensity”. Although this study
was a one- night study and lack of multi- night
measurements of snoring sound levels, all
participants in our study group had the evidence
of measured snoring sound level over 65 dB.

In this study, we found that snoring
sound over 65 dB had significant effects on all
hearing functions. However, the median hearing
thresholds of HSS group in many frequencies
were still under 20 dB. Because, the shifts over
20 dB might be considered as a perceivable
hearing loss, the effects of snoring on the quality
of life was controversial. To investigate the
effects of snoring sound on the quality of life
regarding the threshold shifts over 20 dB, we
compared the ratios of presence of a PTT over
20 dB at every single frequency, between the
groups. Our results showed that snoring sound
perceivably affected the pure tone thresholds at
4000Hz and 8000Hz. Thus, we can hypothesize
that snoring sound significantly affects high
frequency hearing functions in consistent with
the other types of NIHL. In addition, a
significant difference between SDSs of two
groups was evident in our study.

In a study of analyzed snoring sounds,
Herzog et al. reported a positive correlation
between the peak intensity of snoring sound and
the AHI. In addition to the effects on cochlear
functions, the snoring may have another clinical
implication since it might be associated with the
severity of OSA. Supporting this contention was
our finding that snoring sound level was
significantly and strongly correlated both with
AHI and DI. This result suggested that severe
OSAS patients had a higher snoring sound level,
with a higher risk of NIHL.

Although  represents a  significant
association between snoring sound intensity and
hearing loss, this study has several limitations.
The major limitation of the study was that our
groups were heterogenous in terms of OSA
severity, because snoring sound level was
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positively correlated with OSA severity. Thus,
homogenizing our groups in terms of OSA
severity was not possible when splitting the
groups by snoring sound level. Another
limitation was the limited number of the
participants. In addition, our data was lack of the
values of the bed partners of the patients. Thus,
future studies including the bed partners of the
patients are needed.

CONCLUSION

In conclusion, snoring sound over 65 dB
might negatively affect hearing functions in
patients with OSA as a noise source. Effects of
snoring sound on hearing functions were
significant particularly at 4000 Hz and 8000 Hz
frequencies, causing a perceivable threshold-
increase over 20 dB.
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