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Purpose: Obstructive sleep apnea (OSA) is characterized by recurring hypoxic-apneic
events during sleep, and labyrinthine vascular compromise is a pathophysiologic hallmark
of idiopathic sudden sensorineural hearing loss (ISSNHL). Some reports have discussed the
relationship between OSA and hearing impairment; however, few have examined hearing
prognosis in OSA and patients without OSA with ISSNHL. We aimed to investigate clinical
manifestations of ISSNHL in patients with OSA, including severity of hearing loss and
response to treatment.

Patients and Methods: A case-control study was conducted by extracting data from the
sleep center and cochlea center databases of the Chang Gung Memorial Hospital.
A retrospective chart review was performed to include confirmed adult OSA patients
diagnosed with unilateral ISSNHL. Age and sex-matched patients without OSA with
ISSNHL were enrolled as controls. Pure-tone average (PTA) thresholds were measured at
specific frequencies. Changes in PTA before and after standard treatment with oral predni-
solone (1mg/kg/day for 5 days, then tapered) and between participants with OSA and without
OSA were compared. Standard treatment was given to all ISSNHL patients.

Results: Twenty-eight out of 8500 (0.33%) OSA patients experienced subsequent ISSNHL
in 9 years. Patients with OSA (n=28) had poorer high-frequency perception in the unaffected
ear than the patients without OSA (n=120), although the difference was not significant.
Hearing in the affected ear among patients with OSA was comparable to that patients without
OSA at individual frequencies and average, suggesting no difference in hearing loss in the
affected ear between the two groups. In terms of high-frequencies (4000 and 8000 Hz)
perception, patients with OSA had significantly poorer responses to steroid treatment than
patients without OSA.

Conclusion: ISSNHL may be one of the auditory complications associated with OSA.
Patients with OSA had poorer prednisolone related hearing improvement in high frequencies
than patients without OSA. Despite study limitations, OSA-related hypoxia and snoring
noise is hazardous to hearing and standard treatments with CPAP is suggested in OSA
patients for both holistic and auditory health.

Keywords: obstructive sleep apnea, idiopathic sudden sensorineural hearing loss, high-
frequency, hypoxemia, pure-tone average, frequencies

Introduction

Obstructive sleep apnea (OSA), characterized by recurring events of upper airway
collapse during sleep, affects nearly 1 billion people worldwide.'”* Apnea and
hypopnea are the hallmarks of OSA contributing to physiological instabilities,
which include excessive fluctuations in intrathoracic and intracranial pressure,

changes in the heart rate, and eventually, tissue desaturation.®* The pathogenesis
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of recurrent hypoxia/hypercapnia and chronic inflamma-
tory status in OSA is associated with cardiovascular dis-
eases and neurocognitive deficits.>® Moreover, recurrent
hypoxia and noise exposure to the cochlea causes marked
hearing dysfunction.””

Organs without communication branch vesicles, such
as the inner ear system, are easily influenced by recurrent
hypoxia and inflammation. However, idiopathic sudden
sensorineural hearing loss (ISSNHL) is an acute condition
that presents with sudden deafness of >30 dB in at least
three contiguous frequencies in <3 days. ISSNHL has an
incidence of 5-27 cases per 100,000 per year.'®!
Although uncertain causes need to be excluded and the
origin remains unclear, the main pathophysiological points
linked to ISSNHL include labyrinthine vascular compro-
mise, labyrinthine viral infection, intracochlear membrane
rupture, and immune-mediated inner ear disease.'?

Prolonged hypoxia can elicit a chronic inflammatory
status and excessive oxidative stress, potentially compromis-
ing the integrity of the inner ear’s microvasculature in
patients with OSA.'> Moreover, patients with OSA may
have worsening hearing status and impaired high-frequency
sound perception.®'*'> Furthermore, a population-based
case-control study has indicated that male patients with
ISSNHL often have a history of OSA.'® Nonetheless, there
remains a paucity of information on the clinical manifesta-
tions of ISSNHL in patients with OSA.

In this study, we aimed to investigate the clinical
manifestations of ISSNHL in patients with OSA, including
severity of hearing loss and response to treatment.

Materials and Methods
Data Sources and Study Population

A retrospective chart review was conducted by extracting data
from the sleep center and cochlear center at Chang Gung
Memorial Hospital from 2009 to 2017. The Joint Institutional
Review Board of Chang Gung Memorial Hospital approved
(No. 201601393B0C601) the study, which was performed
according to the principles outlined in the Declaration of
Helsinki. Participants’ informed consent was waived due to
retrospective chart review in this study. Adult patients diag-
nosed with unilateral ISSNHL were included, and the exclu-
sion criteria comprised insomnia, simple snoring, preexisting
otologic or neurologic disorders, prior otologic procedures, and
comorbidities of the liver and the endocrine system. Also, all
ISSNHL patients were diagnosed in the cochlear center after
a thorough protocol including history taking, physical

examination, otoscopy, audiometric tests, stapedius reflex,
vestibular examination, tympanometry, bloody tests, ABR,
MRI and/or CT scan to exclude its cause from infection,
barotrauma, ototoxic drug, sickle cell disease, acoustic neu-
roma, etc. At the sleep center, 8500 OSA patients were
recruited, and 28 of those who consequently developed
ISSNHL were enrolled in this study. On the other hand,
patients with ISSNHL were acquired from the cochlear center.
Since sleep disorders were associated with inner ear disease,
patients with ISSNHL were excluded if they had sleep-related
symptoms/conditions including insomnia, sleep-deprivation,
shift work, snoring, witnessed sleep apnea, or daytime sleepi-
ness/fatigue based on the structured chart review. Furthermore,
stratified sampling was applied to select patients without OSA
group according to the average age of the OSA group (44—64
years), and the ratio of male to female (3:1); simple random
sampling was used to select 85 men and 35 women, with a total
of 120 patients. Overall, we enrolled 28 patients with OSA and
120 patients without OSA, matched by age and sex.

Study Outcome and Measurements

All ISSNHL patients were administered oral prednisolone
(1 mg/kg/day) for 5 days, followed by tapering within 5
days. Patients who failed systemic steroid therapy within
14 days were given intratympanic injection of 0.4 mL
dexamethasone and/or HBO therapy. Audiometric tests
were performed at specific frequencies of 250, 500,
1000, 2000, 4000, and 8000 Hz before and after the oral
prednisolone treatment. Pure-tone average (PTA), the
average of hearing thresholds at 500, 1000, 2000, and
4000 Hz, was calculated. Hearing loss was defined as the
threshold difference between the affected and unaffected
ears, and hearing improvement was defined as the thresh-
old difference before and after the treatment. OSA was
diagnosed based on polysomnography. The apnea-hypop-
nea index (AHI) was defined as the average number of
episodes of apneas and hypopneas per hour of sleep. The
participants were categorized into two groups: OSA and
without OSA groups. Patients with AHI >5 were categor-
ized as the OSA group.

Polysomnography

All patients with OSA underwent full-night polysomno-
graphy at the sleep center of the Chang Gung Memorial
Hospital. The patients avoided daytime naps and consump-
tion of strong tea, coffee, alcohol, or sedative drugs. The
sleep monitor assay was performed on the night of admis-
sion to analyze sleep for approximately 68 h.
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Rechtschaffen and Kales have rated sleep stages accord-
ing to the guidelines.'” Standard polysomnography was per-
formed to document sleep parameters. Arousals were defined
according to the American Sleep Disorders Association
criteria.'® In adults, apnea is defined as >90% reduction of
flow for >10 s and classified as obstructive in the presence of
rib cage and abdominal wall movements, or central with
a lack of respiratory effort. Hypopneas are defined as >50%
reduction in flow for at least two breaths with subsequent

oxygen desaturation of at least 3% or arousal.'’

Sample Size

The sample size was determined using G*power version
3.1%° and the results of a previous analysis with this effect
size revealed that we needed a sample size, N=20, to
achieve 95% power at 0=0.05.

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for Social Science software (version 22.0; IBM
Corp., Armonk, IBM Company, USA). Continuous variables
are expressed as means and standard deviations (SD), and
categorical variables are expressed as counts and frequen-
cies. Effect sizes with 95% confidence intervals (CIs) were
calculated for the variables. Independent samples t-tests were
used to compare age, sex, and pure-tone audiometry between
the OSA and without OSA groups. A paired sample #-test
was used to compare the preoperative and postoperative data.
The Wilcoxon signed-rank test was used to compare the
preoperative and postoperative data of a small sample.

Statistical significance was set at P<0.05.

Results

Incidence of ISSNHL in OSA
According to our data, 28 of 8500 (0.33%) patients with
OSA experienced subsequent ISSNHL.

Patient Characteristics

Twenty-eight OSA patients (21 men) and 120 patients
without OSA (85 men) were enrolled in the study. There
were no significant differences in demographic variables,
such as age, sex, presence or absence of vertigo, type of
audiogram, initial treatment days after onset of hearing
loss, baseline hearing of the unaffected ear, and comorbid-
ities (diabetes mellitus, hypertension, renal disease, and
coronary artery diseases) between the OSA and without
OSA groups. (Table 1).

Hearing Presentation of Unaffected Ears

in the OSA and Without OSA Groups
The baseline PTA of the unaffected ear in the OSA and
without OSA groups were 24.6 = 12.9 dB and 23.9 + 16.0
dB (Cohen’s d, 0.05; 95% CI [-6.50, —5.27]; P=0.83),
respectively (Table 2).

Hearing Presentation of the Affected Ears

in the OSA and Without OSA Groups

The initial PTA of the affected ears in the OSA and with-
out OSA groups were 63.5 £ 18.9 dB and 61.2 £ 20.4 dB
(Cohen’s d, 0.10; 95% CI [-6.33, —10.15]; P=0.59),
respectively (Table 2). The affected ears in both groups

had comparable hearing presentations.

Table | Demographics and Clinical Characteristics of ISSNHL in patients with OSA and without OSA

Without OSA (n=120) OSA (n=28) Effect Size/OR (95% CI)? P value
Age, mean (SD), y 52.9 (84) 53.9 (9.7) 0.1l (-4.57-2.59) 0.587
Gender, n (%) 0.817
Male 85 (70.8) 21 (75.0) 0.94 (0.74-1.20)
Female 35(29.2) 7 (25.0) 1.17 (0.58-2.35)
Comorbidity
DM, n (%) 31 (25.8) 9 (32.1) 0.80 (0.43-1.49) 0.637
HTN, n (%) 32 (26.7) 12 (42.9) 0.62 (0.37-1.05) 0.110
CAD, n (%) 6 (5.0 2 (7.1) 0.70 (0.15-3.29) 1.000

Notes: Average=(500+1k+2k+4k)/4. *For continuous variables, effect size is the median of the difference of medians between the groups, and the 95% Cl around that
difference was calculated using the method of Cohen’s d for t test. For categorical variables, effect size is the difference between proportions of the groups with relative 95%

Cls calculated around that difference.

Abbreviations: OSA, obstructive sleep apnea; OR, odds ratio; Cl, confidence intervals; SD, standard deviation; dB, decibel; DM, diabetes mellitus; HTN, hypertension;

CAD, coronary artery disease.
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Table 2 The Hearing Thresholds of the Idiopathic Sudden Sensorineural Hearing Loss Ear in Patients with Obstructive Sleep Apnea

(OSA) and Patients Without OSA, Before Treatment

Without OSA (n=120) OSA (n=28) Effect Size (95% CI)? P value
Baseline hearing of the unaffected ear (in Decibels), mean (SD)
250 19.5 (12.8) 18.6 (10.0) 0.04 (—4.47, —5.50) 0.709
500 20.0 (14.6) 18.0 (9.6) 0.13 (=3.96, —6.97) 0.500
Ik 21.3 (16.9) 20.2 (12.9) 0.06 (—5.10, —6.99) 0.744
2k 22.0 (18.1) 22.7 (16.9) 0.05 (-7.59, —5.98) 0.865
4k 32.1 (21.7) 373 (21.9) 0.19 (-12.91, —4.68) 0.256
8k 384 (25.4) 43.6 (23.1) 0.21 (-14.90, -5.01) 0.326
Average 23.9 (16.0) 24.6 (12.9) 0.05 (-6.50, —5.27) 0.833
Hearing of the affected ear (in Decibels), mean (SD)
250 58.3 (20.0) 52.1 (20.5) 0.54 (2.51, —18.70) 0.145
500 61.3 (21.0) 62.0 (19.3) 0.14 (-5.54, —11.19) 0.885
Ik 62.2 (22.2) 66.4 (21.1) 0.04 (-9.82, -7.88) 0.362
2k 57.4 (23.7) 60.0 (24.2) 0.06 (—8.04, —11.04) 0.600
4k 63.3 (23.3) 64.8 (23.5) 0.18 (—-5.66, —14.27) 0.755
8k 68.1 (23.5) 67.1 (28.8) 0.23 (—4.30, —16.26) 0.855
Average 61.2 (20.4) 63.5 (18.9) 0.10 (—6.33, —10.15) 0.594
Hearing loss of the affected ear (in Decibels), mean (SD)
250 38.8 (20.0) 33.6 (20.0) 0.51 (1.97, -18.22) 0.215
500 41.3 (22.4) 439 (21.4) 0.06 (=7.73, —10.37) 0.578
Ik 40.9 (24.6) 46.3 (21.5) 0.09 (—11.53, -7.69) 0.292
2k 35.3 (25.7) 37.3 (25.2) 0.09 (-8.03, —12.64) 0.712
4k 31.2 (25.8) 27.5 (24.4) 0.33 (-2.21, —19.04) 0.495
8k 29.7 (26.9) 23.6 (25.3) 0.42 (-0.19, —22.04) 0.276
Average 37.4 (22.3) 38.9 (19.5) 0.12 (—6.32, —11.48) 0.744

Notes: Average=(500+ | k+2k+4k)/4. * For continuous variables, the effect size is the median of the difference of medians between the groups, and the 95% Cl around that

difference was calculated using Cohen’s d for the t-test.
Abbreviations: Cl, confidence intervals; SD, standard deviation.

Initial Hearing Loss of the Affected Ear in
the OSA and Without OSA Groups
Before treatment, the hearing loss of PTA in the OSA and
without OSA groups were 38.9 + 19.5 dB and 37.4 £ 22.3
dB (Cohen’s d, 0.12; 95% CI [—6.32, —11.48]; P=0.74),
respectively (Table 2).

Hearing Presentation of the Affected Ears
After Treatments in the OSA and
Without OSA Groups

After treatment, the OSA group had less hearing improve-
ment at all frequencies than the without OSA group. The
without OSA group had significant threshold improve-
ments in frequencies at 2000, 4000 and 8000 Hz than the
OSA group (P<0.05; Table 3).

Hearing Loss of the Affected Ears After

Treatments in Both Groups

Both groups had comparable hearing loss after treatment
(P>0.05); however, the OSA group had a tendency toward
more hearing loss than the without OSA group. Moreover,
the OSA group had more hearing loss of PTA after treat-
ment than the without OSA group (Cohen’s d, 0.04; 95%
CI [-8.08, —6.30]; P=0.018; Table 3).

Hearing Presentation Response to
Treatments of ISSNHL in the OSA and
Without OSA Groups

The without OSA group showed significant hearing
improvements at all frequencies (250-8000 Hz; P<0.05;
Figure 1A). In the OSA group, the hearing sensitivity
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Table 3 The Hearing Thresholds of the Idiopathic Sudden Sensorineural Hearing Loss Ear in Patients with Obstructive Sleep Apnea

(OSA) and Patients Without OSA, After Treatment

Without OSA (n=120) OSA (n=28) Effect Size (95% CI)* P value
Hearing of the affected ear (in Decibels), mean (SD)
250 322 (19.8) 33.9 (21.1) 0.26 (-3.79, —15.10) 0.684
500 33.9 (21.7) 40.0 (22.3) 0.06 (-8.31, —11.15) 0.182
Ik 36.8 (22.5) 45.4 (22.2) 0.05 (—11.33, —9.28) 0.070
2k 37.9 (23.1) 48.9 (20.7) 0.13 (—13.26, —6.98) 0.022%
4k 474 (24.1) 58.6 (23.3) 0.13 (—14.28, -7.63) 0.028*
8k 53.8 (26.1) 67.1 (26.4) 0.25 (—18.17, —4.72) 0.016*
Average 39.0 (20.3) 48.2 (17.4) 0.07 (-9.35, —6.31) 0.028*
Hearing loss of the affected ear (in Decibels), mean (SD)
250 12.7 (21.8) 15.4 (20.5) 0.23 (—4.66, —14.95) 0.553
500 13.9 (22.1) 22.0 (19.4) 0.00 (—8.70, —8.52) 0.077
Ik 15.5 (24.6) 252 (19.4) 0.09 (-10.73, —6.79) 0.053
2k 15.9 (26.8) 26.3 (19.3) 0.10 (—11.19, —6.53) 0.055
4k 15.3 (26.8) 21.3 (22.6) 0.03 (—10.40, —11.98) 0.275
8k 154 (29.1) 23.6 (24.5) 0.07 (—13.44, —9.88) 0.169
Average 15.2 (23.0) 23.8 (15.0) 0.04 (—8.08, —6.30) 0.018%*

Notes: Average=(500+ | k+2k+4k)/4. *P<0.05, statistically significant differences between the groups. *For continuous variables, the effect size is the median of the difference
of medians between the groups, and the 95% CI around that difference was calculated using Cohen’s d for the t-test.
Abbreviations: OSA, obstructive sleep apnea; ISSNHL, idiopathic sudden sensorineural hearing loss; PTA, pure-tone average; AHI, apnea-hypopnea index; SD, standard

deviations; Cl, confidence interval.

significantly improved after treatment at all frequencies,
except at 8000 Hz (Figure 1B). Both groups also showed
a significant improvement in PTA after treatment.

Comparison of the Extent of Hearing
Improvement in Response to Treatments
in OSA and Without OSA Groups

Both groups showed improvements at all hearing frequen-
cies. Notably, the OSA group had significantly less hearing
improvement at frequencies of 4000 and 8000 Hz than
those in the without OSA group (Figure 2).

Discussion

This study is the first to investigate the clinical manifesta-
tions of ISSNHL in patients with OSA before and after
treatment, and compare them with patients without OSA
as controls. This study benefited from data acquisition
based on a single institutional setting, ensuring that all
enrolled patients followed standardized diagnostics and
therapeutics for ISSNHL. The clinical presentation of
ISSNHL in patients with OSA and the linkage of OSA
to ISSNHL were addressed from different perspectives: 1)
the pathophysiological plausibility and experimental

evidence, and 2) coherence to observational studies and
biological gradients.

OSA with neuro-otologic disease risk has been reported
on by several studies;?! > however, the causal relationship
between OSA and ISSNHL remains unclear. A population-
based case-control study reported that patients with
ISSNHL have an association with OSA.'® In a cross-
sectional study, patients with ISSNHL (n=27) had OSA
more frequently than those with normal hearing (n=33).%°
Our study showed that 28 out of 8500 (0.33%) patients
with OSA (aged 20 to 65 years old) experienced ISSNHL

over 9 years. In two epidemiological studies,'*""

the pre-
valence of ISSNHL in the general population aged 18 to
64 years old was 9.8 (Taiwanese, Asian) and 27
(American, Caucasian) per 100,000 population. Although
studies were not entirely comparable and the causal infer-
ence relationship could not be established, our study
revealed a potentially high incidence of ISSNHL in OSA
patients. Therefore, the risk of ISSNHL should be taken
into account for OSA patients, and the comorbid OSA in
ISSNHL patients should be evaluated, vice versa.

OSA has a detrimental effect on the cochlea, which is
particularly sensitive to circulatory alterations since it is
supplied by a single terminal artery and lacks adequate
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Figure | The hearing thresholds of the idiopathic sudden sensorineural hearing
loss ear in patients with obstructive sleep apnea (OSA) (B) and patients without
OSA (A) before and after treatment. *P<0.05; a statistically significant Wilcoxon
signed-rank test; b statistically significant paired t-test.

collateral blood supply.?” OSA is characterized by
repeated upper airway obstruction and related hypoxia
during sleep, directly resulting in decreased cerebral

blood flow, eclevated sympathetic nerve activity, and
oscillations of blood pressure, which cause adverse cere-
brovascular events and in turn, ischemic injury to the
cochlea.'® Previous studies have emphasized that due to
high metabolic demand, the inner ear is vulnerable to
periodic hypoxia.”®?° Long-term exposure to the noisy
snoring sound in OSA patients could damage the inner
ear and incur hearing impairment. Clinical studies have
revealed a decreased perception of high-frequency
sounds (4000 and 8000 Hz) in patients with moderate-
to-severe OSA.'>3° This study showed similar findings,
and although not statistically significant, patients with
OSA had a poorer high-frequency perception in the
unaffected ear than patients without OSA. This suggests
that OSA could be a
dysfunction.?'-*?

risk factor for auditory
Hearing of the affected ears in the OSA and patients
without OSA were comparable at individual frequencies
and the average of the frequencies, and did not indicate
hearing loss differences in the affected ear between the
two study groups. We presume that patients with OSA
experience chronic repeated hypoxia, which becomes
more resistant to hemodynamic changes from ISSNHL,
and consequently, compensates for its hearing loss.
ISSNHL with OSA had a poorer response to treatment
at a high-frequency. The hearing threshold of the affected
ear improved after treatment (steroid therapy) at all indi-
vidual frequencies in both groups, except at 8000 Hz in the

B
o

w
o

P=0.009 P=0.004

[
o

Threshold (dB HL)
)

2 *

o

—
S

Frequency (Hz)
mOSA mWithout OSA

Figure 2 The magnitude of hearing improvements in patients with obstructive sleep apnea (OSA) and patients without OSA with idiopathic sudden sensorineural hearing

loss. *P<0.05, statistically significant independent t-test.
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Figure 3 Different parts of the cochlea corresponding to different frequencies. High-frequency hearing in the cochlear basal turn is exposed and vulnerable to the snoring

noise.

OSA group (Figure 1A and B). Research has revealed that
OSA and ISSNHL are inflammation-related, and inflam-
matory cytokines are higher in patients with OSA.>* Since
steroids are potent inflammatory inhibitors, it was not
surprising to observe effective improvement in the hearing
threshold of the affected ear after treatment. Notably, the
improvement in hearing declined after 2000 Hz, with no
change at 8000 Hz in the patients with OSA (Figure 1B).
Furthermore, a significantly poorer improvement in hear-
ing was noted at 4000 and 8000 Hz in the OSA group than
in the without OSA group (Figure 2). We speculated that
noise exposure from snoring sounds may have played
a role in the treatment outcome in patients with OSA.
The repeated loud snoring sound transmits through the
velopharyngeal channel (Eustachian tube) and conductive
mechanism into the hum that causes acoustic trauma to the
auditory organ, particularly the exterior part, which corre-
sponds to high-frequency hearing (Figure 3). The persis-
tent acoustic trauma from snoring may explain the poor
response to treatment at a high-frequency in patients with
OSA. In addition to acoustic trauma, chronic inflamma-
tion, and intermittent hypoxia could contribute to render-
ing OSA patients refractory to treatment during the insult
of ISSNHL. The poorer hearing recovery in patients with

OSA also suggested that treatment of OSA is needed for
both general and specific (auditory) health.

Our study has several limitations. This research could be
biased by its limited sample size, lack of confounder stratifica-
tion, selection of the study population, and the suboptimal
method adopted in the matching process. The matching pro-
cess in this study did not adopt some of the advanced matching
procedures, such as propensity score matching. Reasons for
utilizing a more traditional matching method was to ensure that
bias would not be further introduced during the construction of
regression models necessary for propensity score matching,
while there were few potential confounders of sufficient evi-
dence. On the other hand, due to the small sample size, it was
less feasible to stratify within the OSA group based on the
severity of OSA or the type of OSA treatment. Also, due to the
disadvantages of the retrospective chart review, this study
lacked detailed information regarding the efficiency of OSA
treatment, compliance and adherence of continuous positive
airway pressure, and the precise chronological relationship
between the treatment and the onset of ISSNHL. As a result,
it was less likely to evaluate the effects of OSA treatment on
clinical manifestations of ISSNHL. Nevertheless, we aimed to
present the preliminary findings for the relationship between
OSA and ISSNHL. Studies of larger sample sizes and a robust
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study design will be needed to better understand the relation-
ship between OSA and ISSNHL.

Conclusion

OSA may be associated with ISSNHL. The hearing thresh-
olds of both unaffected and ISSNHL ears did not differ
between the OSA and without OSA groups. Patients in the
OSA group had poorer hearing improvement after treat-
ment, especially at high frequencies (4000 and 8000 Hz).
Also, from the perspective of preventive medicine, it is
crucial to timely intervene OSA patients with standard
treatment of CPAP and sufficient support for both general
and specific (auditory) health, and screening ISSNHL
patients for the comorbid OSA should be considered.
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