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ABSTRACT

Aims: This study aimed to investigate the frequency of sleep disorders in individuals diagnosed with tinnitus and to investigate
the effect of demographic factors on these disorders.

Methods: This retrospective study included 112 patients diagnosed with tinnitus between January 2018 and December 2019 at
the Gazi Yagargil Training and Research Hospital’s otolaryngology clinic. The electronic files of the participants in the study
were examined for sleep disorders such as insomnia, hypersomnia, inability to fall asleep, sleep terrors, sleepwalking according
to ICD-9 and ICD-10 codes. The effect of demographic findings on sleep disorders were examined with multivariable regression
analysis.

Result: The mean age of the study population was 38.12+11.35 years and 48.21% were female. The frequency of sleep disorders
was 20.5%. The female gender ratio, body mass index (BMI), smoking users and housewife ratio were higher in the group with
tinnitus and sleep disorders compared to the group with isolated tinnitus. The mean age was higher in the group with isolated
tinnitus compared to the group with tinnitus and sleep disorders. Advancing age (OR= 1.33, p=0.038) and elevated BMI levels
(OR=1.55, p=0.035) were associated with an increased likelihood of sleep disorders, whereas male gender (OR=0.74, p=0.038)
was associated with a decreased likelihood.

Conclusion: This study demonstrated that that sleep disorders are prevalent in tinnitus patients. Advancing age and increased
BMI were tied to a higher likelihood of sleep disorders in tinnitus patients, whereas male gender was linked to a reduced
risk. These results indicate that demographic factors should be taken into account when managing sleep disorders in tinnitus

patients.
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INTRODUCTION

Tinnitus is a common clinical condition that can be seen in
approximately 14% of adults and increases with age.' It is
caused by abnormal activity within the nervous system without
any internal or external acoustic stimulation.” Sounds such as
ringing, hissing, whining, humming, buzzing and whistling are
heard without any external sound.’ It is not fully understood
how tinnitus occurs and what causes it. Although there are
many models explaining the pathophysiology of tinnitus, none
of them explain tinnitus in all its aspects.” The main models
are the peripheral model, which includes dysfunction in the
auditory periphery such as cochlea or auditory nerve damage;’
the central model, which is caused by changes in the central
auditory pathways;® the gating model, which is caused by
increased central auditory activity together with frontostriatal
inhibitor deficiency;’ the somatosensory model, which explains
tinnitus resulting from abnormal interactions between the
auditory and somatosensory systems;® and the inflammatory
model, which has been emphasized recently.” Many acute or
chronic diseases or clinical conditions that cause changes in

vital signs can cause tinnitus with one of the above pathological
patterns.* We think that sleep disorders are one of these clinical
conditions that may be associated with tinnitus.

Sleep disorders are an important clinical condition that can
affect human health and quality of life, and their frequency
increases with obesity, chronic diseases and sedentary
lifestyle.'”"> Insomnia, hypersomnia, inability to fall asleep,
sleep terror, sleepwalking, obstructive sleep apnea, central
sleep apnea are some of these important sleep disorders."* Poor
quality, insufficient or irregular sleep affects the endocrine,
gastrointestinal, cardiovascular, nervous and cognitive
functions of the human body.'"'” Sleep disorders can be
observed with a high frequency of 25 - 77% in people with
tinnitus.'® It has been reported that insomnia can be seen in
approximately 50% of those with serious tinnitus.” In addition
to insomnia, tinnitus can also be seen with a significant
frequency in cases of sleep bruxism, respiratory sleep disorders
and obstructive sleep apnea.””

In the light of this information, this study aimed to investigate
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the frequency of sleep disorders in individuals diagnosed with
tinnitus and to investigate the effect of demographic factors on
these disorders.

METHODS

Following the principles set forth in the Declaration of Helsinki,
this retrospective study was conducted at the Diyarbakir Gazi
Yasargil Training and Research Hospital Otolaryngology Clinic
from January 2018 and December 2019. The study received
approval from the Gazi Yasargil Training and Research
Hospital Ethics Committee (21.07.2023 - No: 483). The need
for informed consent was waived under the approval of the
local ethics committee due to the retrospective design.

A total of 368 patients diagnosed with tinnitus were evaluated
for eligibility according to the research criteria. Inclusion
criteria included patients being between 18 and 55 years old and
without any comorbidities. The age range of 18-55 years was
chosen to focus on adult patients and to minimize the influence
of age-related confounding factors such as presbycusis and
higher prevalence of sleep disorders in the elderly.” ** Patients
with a recent history of ear infection, ear surgery or trauma,
any history of comorbidities, and those with incomplete data
were excluded from the study. Following the exclusion criteria,
112 patients diagnosed tinnitus were included in the study.

The electronic files of the participants in the study were
examined for sleep disorders such as insomnia, hypersomnia,
inability to fall asleep, sleep terrors, sleepwalking according to
ICD-9 and ICD-10 codes. The hospital’s electronic information
system and patient files were used to gather demographic and
clinical data.

Statistical Analysis

All data were analyzed with IBM SPSS Statistics for Windows
20.0 (IBM Corp., Armonk, NY, USA). Numerical data
determined to be normally distributed based on the results of
Kolmogorov-Smirnov tests are given as mean and standard
deviation (SD) values while non-normally distributed variables
are given as median (min-max). For comparisons between
groups, Student t-test and Mann-Whitney U test for two group.
Categorical variables are given as numbers and percentages,
and inter-group comparisons were conducted with Chi-square
and Fisher exact tests. The effect of the parameters on sleep
disorders was evaluated using multivariable logistic regression
analysis. P<0.05 was considered statistically significant.

RESULTS

The mean age of the study population was 38.1+11.4 years and
48.21% were female. Sleep disorders (insomnia, hypersomnia,
inability to fall asleep) were detected in 23 of these cases
(20.5%). Eight of the patients diagnosed with sleep disorders
had depression and anxiety diagnoses made in the psychiatry
clinic. Clinical and demographic findings of the study
population are summarized in Table 1.

The study population was divided into two groups: those
diagnosed with isolated tinnitus and those with sleep disorders
along with tinnitus. Comparative demographic findings of the
groups are summarized in Table 2. The female gender ratio
(60.9% vs. 38.2%, p=0.006, respectively), body mass index
(BMI) (28.7+3.9 vs. 25.2+2.4, p=0.010, respectively), smoking
users (47.8% vs. 37.1%, p=0.042, respectively) and housewife
ratio (34.8% vs. 15.7%, p=0.035, respectively) were higher in
the group with tinnitus and sleep disorders compared to the

group with isolated tinnitus. The mean age (42.2+13.2 vs.
34.31+9.1 years, p=0.019, respectively) was higher in the group
with isolated tinnitus compared to the group with tinnitus
and sleep disorders (Table 2). It was determined that 57.1% of
women with insomnia were housewives.

Table 1. Demographic data of patients

Variables All po_pulation

n=112

Age, year 38.1+11.4
Gender, n (%)
Female 48 (42.9)
Male 64 (57.2)
BMI, kg/m? 27.2+£3.3
Housewife, n (%) 22 (19.6)
Smoking, n (%) 44 (39.3)
Sleep disorders, n (%)

No 89 (79.5)
Yes 23 (20.5)

Depression / anxiety, n (%) 8(7.1)

Duration of diseases, week

Tinnitus 27.3£12.6
Sleep disorder 20.6+10.2

Data are mean = standard deviation or number (%). Abbreviations: BMI: Body mass index

Table 2. Distribution of demographic characteristics according to the
disorders in tinnitus patients

Sleep disorder
Variables No Yes p
n=89 n=23

Age, year 34.349.1 42.2+13.2 0.019*
Gender, n (%)

Female 34 (38.2) 14 (60.9)

0.006*

Male 55(61.8) 9 (39.1)
BMI, kg/m? 25.2+2.4 28.7+3.9 0.010*
Housewife, n (%) 14 (15.7) 8(34.8) 0.035*
Smoking, n (%) 33 (37.1) 11 (47.8) 0.042*

Data are mean + standard deviation or number (%). *p<0.05 indicates statistical significance

Abbreviations: BMI: Body mass index

The effect of demographic findings on sleep disorders is shown
in Table 3. Advancing age (OR=1.33, 95% CI=1.09-1.72,
p=0.038) and elevated BMI (OR=1.55, 95% CI=1.23-1.87, p=
0.035) levels were associated with an increased likelihood of
sleep disorders, whereas male gender (OR=0.74, 95% CI=0.52-
0.96, p=0.038) was associated with a decreased likelihood.

Table 3. The effect of demographic characteristics on sleep disorders in

tinnitus patients.

Univariable regression Multivariable regression

Variables
OR (95% CI) p OR (95% CI) p

Age, year 1.33(1.09-1.72)  0.019* 1.33(1.09-1.72)  0.038*
Gender, n (%)

Female Reference

Male 0.70 (0.44 - 0.96)  0.006* 0.74 (0.52-0.96)  0.042*
BMI, kg/m? 1.51 (1.05-1.97) 0.010* 1.55(1.23-1.87) 0.035*
E‘(’;/f)e“’ife’ 154 (1.10-1.98)  0.035* - -
Smoking, n (%) 1.66 (1.14-2.19)  0.042* - -

Nagelkerke R*=0.268

*p<0.05 indicates statistical significance. Abbreviations: BMI: Body mass index, CI: Confidence

interval, OR: Odds ratio
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DISCUSSION

In our study, we retrospectively examined the relationship
between tinnitus and sleep disorders. It was determined that
there was a sleep disorder rate of 20.5% in cases with tinnitus.
In tinnitus patients, sleep disorders had an independent
association with increasing age, higher BMI, and gender.

The relationship between tinnitus and sleep disorders can
be complex and multifaceted. Sleep disorders can trigger
or exacerbate tinnitus through many different mechanisms,
including deterioration of vital signs, effects on cognitive
functions, and physiological changes. Tinnitus can also
negatively affect sleep quality through problems such as falling
asleep and staying asleep. Taking these two health problems
together and determining appropriate treatment approaches
will play an important role in improving the quality of life of
patients.

In a population-based study conducted in Japan with 14,027
participants, tinnitus was detected in 13.3% of male cases
and 10.6% of female cases. Insomnia was detected in 28.1%
of males and 36.1% of females with tinnitus. In cases without
tinnitus, tinnitus was detected in 18.8% of males and 21.5%
of females. In males and females, the probability of insomnia
was found to be 1.7 times and 1.8 times higher, respectively,
in those with tinnitus compared to those without tinnitus.”
In the study conducted by Wakabayashi et al.”® 100 cases
diagnosed with tinnitus were included in the study. In this
study, sleep disorders were detected in 66% of the cases. Self-
rating depression scale, and state trait anxiety inventory scores
were detected higher in cases with tinnitus with sleep disorders
compared to cases with isolated tinnitus. It was determined
that the severity of tinnitus increased with the development of
sleep disorders in these cases.” In a study conducted by Alster
et al.”” with 80 military personnel diagnosed with tinnitus, it
was determined in the mini sleep survey they conducted that
77% of the cases may have a sleep disorder. It was determined
that the cases with the highest survey scores frequently had
delayed sleep, morning awakenings, mid-sleep awakenings,
morning fatigue and chronic fatigue. Wakabayashi et al’s
finding of higher depression and anxiety scores in tinnitus
patients with sleep disorders aligns with our results, where a
significant portion of tinnitus patients with sleep disorders
had psychiatric comorbidities. Similarly, Alster et al’s work,
which suggests a correlation between tinnitus and insomnia,
further supports our observation of a high prevalence of sleep
disorders in tinnitus patients. In a study conducted in Korea
with 122 patients diagnosed with tinnitus, tinnitus handicap
inventory was found to be correlated with the Pittsburg
sleep quality inventory and the beck depression inventory.”
Hébert et al.”” conducted a study with 44 patients, 22 with
tinnitus and 22 without tinnitus, and performed one-week
sleep diaries, subjective sleep questionnaires, and one-night
polysomnographic evaluations. The tinnitus group showed
lower subjective sleep quality as measured by the Pittsburgh
sleep quality index and sleep diaries, but no significant
difference was found in objective polysomnographic sleep
parameters. Quantitative non-rapid eye movement sleep
analysis found lower spectral power in the delta frequency
band in the tinnitus group compared to the non-tinnitus group.
In a study conducted by Burgos et al.”’ they compared the
polysomnography findings of ten cases with chronic tinnitus
and sleep disorders with 20 isolated sleep disorders and 20

healthy controls. In this study, it was determined that tinnitus
was associated with subjective and objective sleep disorders. In
a very large-scale study conducted in Taiwan using data from
the Taiwan National Health Insurance Research Database,
21,798 cases diagnosed with tinnitus and 108,990 controls
were included. In this study, the risk of tinnitus was found to
be higher in patients with sleep disorders than in those without
sleep disorders. And in the same study, the risk of tinnitus was
found to be higher in patients with sleep apnea than in those
without sleep apnea.’’ In a study conducted by Koning et al.”?
on 165 patients who had complaints of ringing for at least the
last month and were diagnosed with tinnitus, it was determined
that at least half of the patients had poor sleep quality. If we
briefly review a few studies that have been done; in a study
conducted by Tyler and Baker on 72 tinnitus cases, 57% had
difficulty getting to sleep;” in a study conducted by Axelsson
and Ringdahl,” 10% of cases with tinnitus had sleep difficulties;
in a study conducted by Folmer et al.”” on 190 tinnitus cases,
80% had sleep disturbance; 46% reported sometimes versus
33% often; in a study conducted by Lasisi and Gureje,” 52%
of cases with tinnitus and 34% of those without had insomnia.

In our study, similar to many studies, the frequency of sleep
disorders among patients with tinnitus was found to be 20.5%.
This rate is higher than the normal population. As shown
in many studies above, sleep disorders are around 10% in
the healthy population. This result shows us that there is a
relationship between tinnitus and sleep disorders. In our
study, we found that the age of patients with tinnitus and sleep
disorders was higher. We know that both sleep disorders and
tinnitus increase with age.” An interesting finding, which is
similar to the findings in many studies above, is that the rate
of tinnitus was higher in women than in men. It was found
that 57.1% of these women were housewives. This may be due
to overweight status and daily fatigue. In our study, smoking
was found to be higher in the group with sleep disorders
and tinnitus compared to the other group. It is know that
smoking negatively affects both sleep disorders and hearing
physiology.”*** We also found that BMI was significantly
higher in the group with both tinnitus and sleep disorders. The
average BMI in the group with sleep disorders and tinnitus was
close to the upper limit of the overweight group. As is known,
overweight and obesity cause serious sleep disorders such as
obstructive sleep apnea due to the narrowing they create in the
upper respiratory tract and the restriction of lung expansion in
the thoracic cavity."*"

Our main limitation is that the study has a retrospective
design, which limits our ability to confirm cause-and-effect
relationships. Additionally, the small sample size and the fact
that the study was conducted at a single center may restrict the
generalizability of the findings. Another limitation to consider
is that the findings related to sleep disorders were derived
solely from ICD codes. This approach may not capture the full
scope of sleep disturbances in tinnitus patients. Incorporating
data from polysomnography or validated sleep disorder
questionnaires would have provided more comprehensive
and informative insights into the nature and severity of sleep
disorders in this population.

CONCLUSION

In our study, 20.5% of the patients with tinnitus had insomnia.
Age was found to be an independent predictor in patients with
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sleep disorders along with tinnitus. Prospective clinical and
experimental studies are needed to clearly understand whether
tinnitus causes sleep disorders or sleep disorders cause tinnitus.
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