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Introduction

Tinnitus is defined as recognizing a specific sound without 
any external stimuli. The Korean National Health Insurance 
Service uses a total of 27 billion won to treat and examine tin-
nitus patients with an increase of 2.3% every year. An analysis 
of Korean National Health and Nutrition Examination Survey 
conducted from 2009 to 2011, revealed the prevalence of tin-
nitus as 9.7% with a higher percentage in senile populations.1) 
As the Korean population is rapidly aging, the prevalence and 

total medical cost of tinnitus is expected to increase continu-
ously and dramatically. 

Although commonly associated with hearing loss, the exact 
etiology of tinnitus is uncertain. More recently, ‘neurophysi-
ological’ model of tinnitus has been studied rigorously. As 
periphery hearing organs receive temporary or permanent 
damage, a novel pattern of brain activity is generated by the 
altered connection of central nervous system neurons. This 
causes excitatory and inhibitory signal imbalance in the audi-
tory and non-auditory cortex, which produce a series of neu-
ral activity transmitting between brainstem and cortex in a 
self-sustaining manner resulting in persistent tinnitus.2) 

As tinnitus persists, it may cause fatigues, stress, and in-
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somnia and can also manifest as psychological disorders such 
as depression, anxiety disorder, and cognitive disorder. Previ-
ous studies have shown a high prevalence of depression, anx-
iety and stress in tinnitus patients.3)

The most common complaint of tinnitus patients has been 
sleep disorder and in other studies, the prevalence was as high 
as 56.9% and was the most commonly mentioned problem.4) 
Although the exact relationship between sleep disorder and 
tinnitus has not been elucidated, significant co-morbidity rate 
and the role of cognitive behavioral therapy (CBT) in both 
sleep disorder and tinnitus raise interest in the relationship 
of two diseases.5) However, most of the previous studies that 
conducted elucidating the relationship of two diseases did not 
employed a validated measurement tool for sleep disorder. 

Thus, in order to elucidate the relationship between sleep 
disorder and tinnitus we used validated questionnaires spe-
cializing in each disease category with an addition of depres-
sion questionnaires as they are well-documented correlation 
between both sleep and tinnitus.6,7) We also acquired addition-
al information such as patients’ sex, age, underlying medical 
condition in order to eliminate confounding factors. 

Subjects and Methods

All participants were patients who visited our otorhinolar-
yngology clinic between 1 July 2018 and 31 August 2019. The 
study was approved by the Institutional Review Board (IRB 
No. 2018GR0322), and it gained informed consents from all 
the patients. All patients underwent pure tone audiometry 
(PTA), a full otologic examination with a detailed enquiry of 
their past medical history. Study was conducted on only those 
whose chief complaint was chronic idiopathic tinnitus (last-
ing for more than 3 months) and who were more than 13 years 
old without and other etiology. Then the patient completed 
four questionnaires listed below. We also obtained basic de-
mographic information such as sex, age and a detailed inter-
view, and chart review was performed to identify the past medi-
cal conditions and history. 

Participants who had any suspicion of acute/chronic disease 
in the inner, middle ear or external auditory canal, sleep ap-
nea, central nervous system disease and who consumed more 
than 3 cups of caffeinated beverage per day were excluded 
from the study.

Pittsburg Sleep Quality Inventory (PSQI)
The Korean version of PSQI was used to evaluate the sleep 

quality of test subjects. PSQI is currently the most commonly 
used tool for assessing subjective sleep quality.8,9) It was orig-
inally developed and published in 1988 by Pittsburg Univer-
sity and included 7 sub-categories which is equally weighted 
on a 0-3 scale. These sub-categories are subjective sleep qual-
ity (PSQI 1), sleep latency (PSQI 2), sleep duration (PSQI 3), 
habitual sleep efficiency (PSQI 4), sleep disturbance (PSQI 5), 
use of sleep medication (PSQI 6), and daytime dysfunction 
(PSQI 7). They are added to obtain a global PSQI score which 
ranges from 0 to 21. Higher scores indicated worse sleep qual-
ity and a global PSQI score greater than 5 yielded a diagnostic 
sensitivity of 89.6% and specificity of 86.5% for sleep disorder.8) 

Tinnitus handicap inventory (THI)
THI is the most widely used questionnaire evaluating tin-

nitus-related disability. The Korean version was developed 
and validated by Kim, et al.10) in 2002. The questionnaire con-
sists of 25 questions and for each item, a score of 0, 2, 4 is as-
signed and the total score range is from 0 to 100. THI is divid-
ed into 3 subscales and they are functional subscale (THI-F), 
emotional subscale (THI-E) and catastrophic subscale (THI-
C). A total score is acquired by adding all the subscale scores 
and a higher score indicates a greater handicap from tinnitus 
and measuring by the total score, 5 categories are used; no 
handicap (0-16), mild handicap (18-36), moderate handicap 
(38-56), severe handicap (58-76), and catastrophic handicap 
(78-100).11) 

Beck Depression Inventory (BDI)
In order to evaluate depression symptoms, we used a Korean 

version of BDI, which was translated and validated by Lee 
and Song12) in 1991. It is a 21-question multiple-choice self-
report inventory and it measures the severity of depression. For 
each question, the respondent scores it on a scale of 0 to 3 and 
thus the total score ranges from 0-63. Higher the total score, 
the higher to depressive symptoms are and it is divided into 4 
categories; minimal depression (0-9), mild depression (10-18), 
moderate depression (19-29), severe depression (30-63).12) 

Tinnitus symptom questionnaire
We also had a set of questions that asked the specific symp-

tom of tinnitus. The question included, which side the tinnitus 
was heard, the duration of tinnitus in months, the nature of the 
onset in tinnitus, the tone of tinnitus, if the tinnitus changed by 
background noise, if there was any tinnitus inducing situation.
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Hearing assessment
Hearing status was assessed using PTA and the mean hear-

ing threshold were expressed as the weighted four frequency 
average of 0.5, 1, 2, 3 kHz. Normal hearing was defined as 
mean threshold less than 26 dB. Hearing threshold of 26-40 
dB was considered mild, 41-55 dB moderate, 56-70 dB mod-
erate to severe hearing loss, and 71-90 dB as severe hearing 
loss.

Statistical analysis
On data analysis, SPSS software (version 22.0, IBM Corp., 

Armonk, NY, USA) was used. The data was expressed as 

mean±standard deviation (min-max) for quantitative mea-
sures and comparison between two selected groups was done 
using Student’s t-test, χ2 test and Fisher’s exact test. Simple 
linear regression was used to identify the linear relationship 
between factors. The multiple linear regression model was 
utilized to evaluate the relationship between sleep disorder 
and tinnitus handicap scores using stepwise protocol. p-val-
ues<0.05 were accepted as statistically significant results. 

Results

Patient characteristics
A total of 122 subjects were enrolled for the study, and there 

was no significant difference in the number of men and wom-
en. Sixty seven (54.9%) subjects had unilateral tinnitus and 
55 (45.1%) had bilateral tinnitus. The mean score of PSQI and 
THI for all subject was 9.0±4.0 and 37.5±25.4, respectively 
(Table 1). 

Analysis of associated factors in tinnitus
Simple linear regression analysis looking at THI and PSQI 

global score revealed a linear relationship between these fac-
tors and showed statistical significance (p<0.05) (Fig. 1).

We ran a multiple linear regression analysis using a step-
wise protocol to identify the statistical correlation between 
each factor. Age, sex, hypertension, diabetes mellitus, tinni-
tus location, tinnitus duration, hearing status of tinnitus side 
ear, change of tinnitus by noise or situation, BDI, PSQI global 
score was included in the analysis. The past medical history 
of steroid use and ischemic heart disease was exempt because 
of their extreme values with very few cases. 

The THI total score was statistically correlated with PSQI 

Table 1. Clinical characteristics of tinnitus patients (n=122)

Characteristics n (%)

Age 58.7±12.9 (23-85)

Sex
Male 66 (54.1)

Female 56 (45.9)

Localization of tinnitus
Right 33 (27.0)

Left 34 (27.9)

Binaural 55 (45.1)

Hearing status
Normal 39 (32.0)

Impairment 83 (68.0)

PSQI 9.0±4.0 (1-20)

PSQI 1 (subjective sleep quality) 1.4±0.6 (0-3)

PSQI 2 (sleep latency) 1.5±1.2 (0-3)

PSQI 3 (sleep duration) 2.2±1.1 (0-3)

PSQI 4 (habitual sleep efficiency) 1.9±1.6 (0-3)

PSQI 5 (sleep disturbance) 1.0±0.2 (0-2)

PSQI 6 (use of sleep medication) 0.2±0.5 (0-3)

PSQI 7 (daytime dysfunction) 0.6±0.6 (0-3)

THI 37.5±25.4 (0-98)

THI-F 15.5±11.5 (0-42)

THI-E 13.5±10.3 (0-36)

THI-C 7.9±6.0 (0-22)

BDI 8.8±7.0 (0-35)

HTN 28 (22.8)

DM 7 (5.7)

Ischemic heart disease history 5 (4.1)

Steroid use 1 (0.8)

Duration of tinnitus (months) 49.7±67.6 (3-365)

Change by noise 78 (63.4)

Tinnitus inducing situation 23 (18.7)

Data are presented as mean±standard deviation (min-max). 
PSQI, Pittsburg Sleep Quality Inventory; THI, tinnitus handicap 
inventory; THI-F, THI functional subscale; THI-E, THI emotional 
subscale; THI-C, THI catastrophic subscale; BDI, Beck Depres-
sion Inventory; HTN, hypertension; DM, diabetes mellitus 

Fig. 1. Simple linear regression analysis of THI and PSQI global 
score (p<0.05). THI, tinnitus handicap inventory; PSQI, Pittsburg 
Sleep Quality Inventory. 
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global score and BDI (Table 2). Subscales of THI; function-
al, emotional, and catastrophic were analyzed separately for 
a closer look. THI-F was significantly correlated with PSQI 
global score, BDI and hearing impairment. However, THI-E 
and THI-C was only statistically relevant with PSQI global 
score (Table 3).

Further analysis was conducted using PSQI subscale scores. 
The THI total score was statistically correlated with PSQI 1 
(subjective sleep quality), PSQI 7 (daytime dysfunction) and 
BDI (Table 4). The functional subscale of tinnitus was corre-
lated with PSQI 1 (subjective sleep quality), PSQI 7 (daytime 
dysfunction), BDI score and hearing impairment. Emotional 
subscale of tinnitus was correlated with PSQI 1 (subjective 
sleep quality), PSQI 7 (daytime dysfunction) and BDI. The 
catastrophic subscale of THI was statistically correlated with 
PSQI 1 (subjective sleep quality) and PSQI 6 (use of sleep 
medicine) (Table 4).

       
Analysis of associated factors in sleep disorder

Test subjects were divided into two groups according to the 
PSQI score of 5 to distinguish between sleep disordered sub-
jects and normal subjects. There were 95 (77.9%) subjects with 
sleep disorder and 27 (22.1%) without sleep problems (Table 5). 

Table 5 shows a comparison by χ2 test and Fisher’s exact test 
and Student’s t-test between subjects with and without sleep 

disorder. PSQI score and patients who reported tinnitus that 
changed by background noise was significantly different in 
two groups. Other conditions did not affect the outcome.

Discussion

Insomnia is the most frequent complaints associated with 
tinnitus, and there have been many previous studies trying to 
elucidate its relationship. In a recent study by Jia, et al.,13) 263 
tinnitus patients and control group underwent Pittsburg Sleep 
Quality Index, Hamilton Anxiety Scale, Hamilton Depres-
sion Scale and PTA. There was significantly more subjects 
with sleep disorder in tinnitus group, and accompanying anxi-
ety and depression were also important factors affecting sleep 
quality. A questionnaire study by Miguel, et al.,14) examined 
85 tinnitus patients and 32 tinnitus patients that was also di-
agnosed insomnia. The patients underwent Tinnitus Reac-
tion Questionnaire and Insomnia Severity Index. It showed a 
robust correlation between the Tinnitus Reaction Question-
naire and Insomnia Severity Index. The Tinnitus Reaction 
Questionnaire (especially the emotional sub-score) showed a 
good predictive value of sleep disturbance. A retrospective 
analysis of 182 patients in 2015 with chronic tinnitus who 
completed the Tinnitus Questionnaire and the Regensburg 
Insomnia Scale, also showed higher prevalence of insomnia 

Table 2. Relationship between PSQI global score and THI

B ß SE p value

PSQI global score 1.926 0.304 0.593 0.002
BDI 0.689 0.191 0.337 0.043
PSQI, Pittsburg Sleep Quality Inventory; THI, tinnitus handicap 
inventory; B, regression coefficient; ß, standardized beta coef-
ficient; SE, standard error; BDI, Beck Depression Inventory

Table 3. Relationship between PSQI global score and THI sub-
scale

B SE p value

THI-F
PSQI global score 0.725 0.269 0.008
BDI 0.348 0.153 0.025
Hearing impairment 4.356 2.051 0.036

THI-E
PSQI global score 0.906 0.220 ＜0.001

THI-C
PSQI global score 0.504 0.130 ＜0.001

PSQI, Pittsburg Sleep Quality Inventory; THI, tinnitus handicap 
inventory; B, regression coefficient; SE, standard error; THI-F, THI 
functional subscale; BDI, Beck Depression Inventory; THI-E, THI 
emotional subscale; THI-C, THI catastrophic subscale

Table 4. Relationship between PSQI sub-score and total THI/THI 
subscale

B SE p value

THI
PSQI 1 (subjective sleep quality) 7.861 2.791 0.006
PSQI 7 (daytime dysfunction) 5.835 2.649 0.030
BDI 0.807 0.314 0.011

THI-F
PSQI 1 (subjective sleep quality) 3.102 1.238 0.014
PSQI 7 (daytime dysfunction) 3.398 1.176 0.005
BDI 0.372 0.140 0.009
Hearing impairment 5.088 1.969 0.011

THI-E
PSQI 1 (subjective sleep quality) 2.479 1.174 0.037
PSQI 7 (daytime dysfunction) 2.261 1.115 0.045
BDI 0.294 0.132 0.028

THI-C
PSQI 1 (subjective sleep quality) 1.919 0.664 0.005
PSQI 6 (use of sleep medicine) 4.623 0.769 0.037

PSQI, Pittsburg Sleep Quality Inventory; THI, tinnitus handicap 
inventory; B, Regression coefficient; SE, standard error; BDI, 
Beck Depression Inventory; THI-F, THI functional subscale; THI-E, 
THI emotional subscale; THI-C, THI catastrophic subscale
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in tinnitus patients and tinnitus distress correlated with sleep 
disturbance.15) While as the previous studies only analyzed 
correlation between the two disease entities, our statistical 
model (multivariate linear regression model) revealed a pos-
sible linear and causal relationship between insomnia and 
tinnitus, and included depression as a confounding factor. 
Furthermore, we performed subanalysis based on the sub-
scales of THI and PSQI.

PSQI global score was significantly correlated with THI and 
its all subscales according to the Tables 2 and 3. In addition, 
PSQI 1 (subjective sleep quality) correlated strongly with the 
total THI and all its subscales (Table 4). Therefore, it is possi-
ble to infer that insomnia might not merely be a co-morbid dis-
ease but a disease sharing a course of aggravation with tinni-
tus. Indeed, the Tinnitus Reaction Questionnaire and the mean 
Insomnia Severity Index scores were significantly higher in 
a group of tinnitus with insomnia compared to the group of 
tinnitus only according to the study conducted by Miguel, et 
al.14) In addition, study by Folmer and Griest16) showed that the 
Tinnitus Severity Index score increased significantly as the 
degree of subjective tinnitus interference with sleep got worse. 
Our results showed similar results as well (Fig. 1).

Published in 2006, the neurophysiological model of tinni-
tus emphasized the limbic system in pathological mechanism 
of tinnitus.17) Tinnitus is different from other natural sounds 
in the aspect of subjective sensations it causes. Patients report 
negative emotions such as confusion and anxiety. The nega-
tive subjective emotions influence the limbic system in a stress-
ful manner that can amplify the subcortical auditory system 
reaction resulting in a vicious cycle. Another system affected 
by the limbic system is the autonomic nervous system, and it 
is influenced by the cerebral cortex and the limbic system 
through feedback mechanisms, thereby indirectly affects pa-
tients’ psychology. An activated autonomic nervous system 
can trigger a flight or fight mode with pupil dilation, heartbeat 
increase, tensing muscle and decreased sleep. Hyperarousal 
caused by autonomic nervous system is one of the mechanisms 
related to the insomnia. There is also an increasing body of 
evidence that hyperarousal in animal models for tinnitus and 
insomnia shows the similarities in the activation pattern of 
limbic and autonomous brain region further supporting our 
assumption.18)

Looking more closely at other PSQI subscales that correlat-
ed with THI, PSQI 6 (use of sleep medication) had statistically 

Table 5. Predictors of sleep disorder in tinnitus patients (n=122)

Characteristics PSQI≤5 (n=27, 22.1%) PSQI＞5 (n=95, 77.9%) p value

Age 57.1±12.1 (28-82) 59.1±13.1 (23-85) 0.473
Sex 0.055

Male 19 (70.4) 47 (49.5)

Female 8 (29.6) 48 (50.5)

BDI 4.4±4.5 (0-19) 10.1±7.1 (0-35) ＜0.001
HTN 3 (11.1) 25 (26.3) 0.097
DM 1 (3.7) 6 (6.3) 0.607
Steroid use 1 (3.7) 0 (0) 0.221
Ischemic heart disease history 0 (0) 5 (5.3) 0.580
Localization of tinnitus 0.458

Right 7 (25.9) 26 (27.4)

Left 10 (37.0) 24 (25.3)

Binaural 10 (37.0) 45 (47.4)

Duration of tinnitus (months) 39.8±46.7 (3-180) 52.5±72.7(3-365) 0.392
Hearing status of tinnitus side 0.396

Normal 10 (37.0) 29 (30.5)

Mild 10 (37.0) 43 (45.3)

Moderate 4 (14.8) 18 (18.9)

Moderate-severe 3 (11.1) 3 (3.2)

Severe 0 (0) 2 (2.1)

Change by noise 22 (81.5) 56 (58.9) 0.030
Tinnitus inducing situation 3 (11.1) 20 (21.1) 0.244
Data are presented as n (%). PSQI, Pittsburg Sleep Quality Inventory; BDI, Beck Depression Inventory; HTN, hypertension; DM, dia-
betes mellitus 
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significant association with THI-C only while PSQI 7 (daytime 
dysfunction) with total THI, THI-F, and THI-E. It is possible 
interpretation that the patients suffering from severe tinnitus 
have difficulty falling asleep and tend to feel catastrophic about 
their tinnitus simultaneously, thereby resorting to sleep medi-
cation. However, PSQI 2, 3, 4, and 5 were not statistically as-
sociated with THI scores, which gave contrary results to the 
study conducted in 2015 that performed meta-analysis of PSQI 
in terms of its diagnostic validity. It concluded that each of the 
subscales sufficiently represented each domain of sleep qual-
ity in global score and was useful in detecting attributes of poor 
sleep quality for targeted investigation and treatment. How-
ever, as there has been no stable optimal cut off score for the 
subscale and factors affecting structure of sleep quality has not 
been constant between and within groups, this interpretation 
of statistical analysis may not be clinically meaningful.19) More 
studies on tinnitus patients with PSQI subscales are needed 
to obtain more reliable interpretation of these results.

The effort of finding an effective treatment for tinnitus is 
still in progress. The recently published European guideline 
for tinnitus only had strong recommendation for cognitive be-
havioral therapy (CBT), and the most of the commonly utilized 
treatments currently lacked consistent evidence.20) CBT ap-
proaches tinnitus on its psychological distress and resulting 
problem. It also hypothesizes that tinnitus and its distress 
originates from misguided information processing, behavior 
habits and emotional reactivity. CBT is also strongly recom-
mended for treatment of insomnia. It is a well-studied method 
of treatment and it has a model of specialized treatment called 
CBT for insomnia (CBTI). A recent meta-analysis study proved 
its effectiveness in insomnia.21) Another noteworthy study was 
published in 2019 applying CBTI to tinnitus patients with in-
somnia and it showed reduced tinnitus distress after a six-week 
intervention.22) Overall, these studies suggest a strong relation-
ship between insomnia and tinnitus, and it is worth applying 
CBT to tinnitus patients with insomnia because these diseases 
share a course of aggravation.

To our knowledge, this is one of the few studies analyzing 
depression and sleep disorder in tinnitus patients with vali-
dated tools. Most of the studies on sleep disorder and tinnitus 
did not incorporate depression as confounding factor and its 
interaction with sleep disorder. For an instance, an analysis of 
American National Health Survey of 2007 revealed a strong 
relationship between tinnitus, anxiety, depression and sleep dis-
order. However, this analysis was performed via limited eval-
uation tools such as duration of sleep or single question ask-

ing if they had anxiety, depression or tinnitus.6) In our study, 
BDI was correlated with total THI total score and THI-F, and 
the standardized beta coefficient of BDI was considerably 
smaller than that of PSQI global score. However, there have 
been multiple studies proving the stronger correlation between 
tinnitus and depression. For example, a study by Trevis, et al.23) 
used THI, BDI, State Trait Anxiety Inventory and Obsessive 
Beliefs Questionnaire and found a strong relationship between 
tinnitus and depression mediated by anxiety. Study conducted 
by Kehrle, et al.,24) looking at normal hearing individuals with 
pure tone threshold of <25 dB with THI and BDI also found 
strong correlation. A national health survey analysis in 2016 
revealed a close association of anxiety, depression, and greater 
workdays missed. However, the analysis itself was based on 
the national survey relying on single questions such as how 
much concern of tinnitus or anxiety causes the subject and 
how many hours of sleep they get every night.6) The different 
degree of correlation among studies might be due to the dif-
ference in study population and the specific method of assess-
ing each disease’s severity. However, the above studies have 
not considered sleep disorder as confounding factor, and a cor-
relation of sleep disorder to depression has been well docu-
mented in the past studies.7) Sine the depression and sleep dis-
orders are individually correlated, the previous studies without 
correction of confounding factor may have overestimated its 
effect size of depression on tinnitus. A similar conclusion was 
reached by a study conducted by Aazh and Moore,25) and his 
study used Hospital Anxiety and Depression Scale with THI 
and Insomnia Severity Index. This study concluded that al-
though the depression was predicted by THI, most of its ef-
fects were mediated by insomnia, anxiety and hyperacusis. 
From our study and previous studies, it can be inferred that 
the sleep disorder may have a more profound effect on tinni-
tus than depression.

It is well documented from large scale health surveys that 
tinnitus prevalence is closely related to hearing loss, aging, 
ototoxicity and noise exposure history.26) In our study, pres-
ence of hearing impairment only affected THI-F in both PSQI 
global score analysis and PSQI subscale analysis. It can be in-
terpreted as hearing impairment having a more direct impact 
on the functional side of tinnitus. In terms of THI total score, 
THI-E and THI-C; although the relationship between hear-
ing loss and tinnitus is clear, its impact is variable according 
to the source and study group. There are studies showing pa-
tients without any hearing impairment suffering from tinni-
tus ranging from 20% as high as 40%.26) The same study with 
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a different population set may reveal a stronger or weaker cor-
relation. 

Age was not correlated with tinnitus handicap in our study. 
This is probably due to the relatively small sample size as na-
tionwide studies have revealed a strong relationship.1,26) There 
was a lack of participants that had a history of prescribed oto-
toxic drugs to analyze in a meaningful way. We did not include 
question about noise exposure history in our study. This is 
since although it does affect prevalence of tinnitus, it is un-
modifiable in treatment terms and we wanted to focus more 
on sleep disorder and tinnitus.

The following study differs from previous studies as it was 
only recruited from tinnitus patients. This recruitment more 
closely mimics clinical setting of an otolaryngologists and thus 
a more practical description of the tinnitus patient’s charac-
teristics. For clinicians it may be important to actively identify 
tinnitus patients also with sleep disorders as our results con-
vey a more casual relationship rather than a mere co-morbid 
correlation. In practical terms, actively prescribing CBT to 
these patients may be beneficial. Although a recent European 
guideline’s strong recommendation for CBT on treating tin-
nitus, in Korea there is an absolute lack of availability. This is 
due to its relative novel approach and restriction of public med-
ical insurance policy and governance. Prescribing CBT for co-
morbid insomnia is more feasible and may prove to be very ef-
fective as it is the recommended treatment for both disease.

However, the study is not without limitations. First, it is 
prone to sample bias. All test subjects were recruited in tertiary 
medical center and thus it is possible that patients with higher 
disease burden were recruited; this result may not represent 
the general population. Second, it is a single-center study. The 
size of the study population had its limitation and a larger size 
population study will be more accurate. Third, it has a lack of 
control group that did not suffer from tinnitus. A further multi-
centered large-scale study is needed for a more complete picture. 

In conclusion, PSQI global score and its subscales were sig-
nificantly correlated to the total THI score and its subscales, 
indicating a strong association between tinnitus and sleep dis-
order and thereby, suggesting a common treatment target. In 
our study, sleep disorder and depression were closely associ-
ated each other in tinnitus patients, and sleep disorder had more 
effect on aggravation of tinnitus than depression based on the 
standardized beta coefficients of PSQI global score and BDI 
score. A further examination and treatment of comorbid sleep 
disorder in tinnitus patients is recommended.
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