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Introduction
Subjective tinnitus is an auditory perception, 
which is experienced in the absence of any exter-
nal or internal auditory stimulus, and no definite 
organic lesions are observed after an examina-
tion. The US national health survey indicates 
that approximately 9.6% of adults in the US 
population have tinnitus.1 The proportions of 
adults with tinnitus in the United Kingdom, 
Japan, and Nigeria are 10.1%, 18.6%, and 
14.1%, respectively, with 5% having bothersome 
tinnitus.2–4 The prevalence of tinnitus is expected 

to continue increasing with the increasing use of 
electronic equipment and exposure to noise. 
Severe and persistent tinnitus leads to comor-
bidities, such as sleep disorders, anxiety, or 
depression, and adversely affects the quality of 
life of patients.5 A previous study reported that 
the estimated annual health care burden of tinni-
tus-related costs in the National Health Service 
(UK) was £750 million.6 A similar study con-
ducted in the Netherlands indicated that the 
direct health care costs associated with tinnitus 
treatment amounted to €1.9 billion.7
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The causes of tinnitus are varied and, in most 
patients, tinnitus is often secondary to sudden 
hearing loss, noise trauma, and ototoxic drug use. 
Animal studies have found that these lesions can 
lead to abnormal neuronal activity in the central 
auditory pathway, which may eventually be per-
ceived as tinnitus.8,9 However, whether findings 
from the animal models can be applied to humans 
remain to be clarified.10 Patients with tinnitus 
generally present with symptoms of hearing loss. 
However, a considerable percentage of patients 
with tinnitus do not exhibit abnormal hearing and 
lack distinct triggers. The uncertainty regarding 
the etiology of tinnitus poses a great challenge to 
its treatment and to the treatment options availa-
ble including medications, sound therapy, tinnitus 
retraining therapy, cognitive behavioral therapy, 
and brain stimulation (invasive and non-invasive). 
However, due to the uncertainty of the treatment 
outcome, no methods have gained widespread 
acceptance.11 Researchers have focused more on 
alleviation of the distress experienced by patients 
with tinnitus than on its elimination.

The severity of tinnitus seems to be influenced by 
several factors, including personality traits, psy-
chosocial factors, tinnitus characteristics, among 
others. Numerous studies have investigated the 
factors influencing tinnitus severity. To investi-
gate potential influencing factors, multivariate 
regression analysis should be performed while 
controlling for confounding variables. However, 
many studies did not carry out multivariate analy-
sis.12–17 To increase the reliability of the analysis, 
at least 10 participants per variable are needed. A 
small ratio (less than 10:1) of outcome events to 
independent variables increases uncertainty in 
risk estimates. Therefore, results from regression 
analyses in some studies are unreliable.18–20 A few 
studies performed appropriate statistical analyses 
to explore the factors affecting the severity of tin-
nitus, but there was considerable heterogeneity 
among the studies. For instance, there was  
heterogeneity in the choice of potential variables 
and evaluation of tinnitus tendency difference in 
questionnaires. Reporting of outcomes was incon-
sistent across the studies and, in some cases, 
the outcomes were contradictory.21–23 Hoekstra 
et al.23 summarized previous studies that analyzed 
18 factors that had been reported to be associated 
with tinnitus severity and 10 factors that have not 
been reported, and the results revealed that 3 fac-
tors have been associated with tinnitus severity 
based on Tinnitus Handicap Inventory (THI) 

and Tinnitus Questionnaire (TQ) scales, although 
the results still differ from those reported in other 
studies.21

Although the potential risk factors of tinnitus 
severity have been reported, it remains to be clari-
fied as to which factors have the highest contribu-
tion to severity. The aim of the present study was 
to address the problem by determining the factors 
that differentially affect subjectively perceived 
tinnitus-related distress. Currently, THI and 
Tinnitus Evaluation Questionnaire (TEQ) were 
used to assess the severity of tinnitus, while the 
Self-Rating Scale of Sleep (SRSS), Self-Rating 
Anxiety Scale (SAS), and Self-Rating Depression 
Scale (SDS) were used to assess sleep, anxiety, 
and depression in patients with tinnitus. Potential 
factors influencing tinnitus were analyzed by per-
forming univariate analysis and the results vali-
dated using multivariate analysis.

Methods

Study participants and data collection
This study included consecutive patients with tin-
nitus who visited our institute from April 2020 to 
April 2021. Participants were required to satisfy 
the following inclusion criteria: (a) at least 18 years 
old, (b) chief complaint of tinnitus, (c) disease 
course lasting ⩾3 months, and (d) ability to inde-
pendently complete questionnaires. Exclusion 
criteria: tinnitus induced by other diseases. No 
other inclusion/exclusion criteria were applied. 
Incomplete and ineligible questionnaires were 
excluded from the analysis. The data collection 
was completed simultaneously at the time of 
patient visit, and the analysis was retrospectively 
completed in September 2021. The present study 
conformed to the principles outlined in the 
Declaration of Helsinki. As this was a retrospec-
tive study, and data were analyzed anonymously, 
the committee exempted informed consent. The 
present study was approved by the Research 
Ethics Committee of the First Affiliated Hospital 
of Anhui Medical University (IRB approval No. 
PJ 2021 14-22).

Measures
Otolaryngologists obtained data that could be 
associated with the severity of tinnitus, includ-
ing the general information of patients (age, 
gender, treatment history, and family history), 
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characteristics of tinnitus [duration of tinnitus, 
location of tinnitus, number of tinnitus sounds, 
change in loudness, change in pitch, tinnitus 
loudness (Visual Analogue Scale, VAS)], and 
health factors (personality traits, expectations, 
sleep quality, anxiety, and depression). 
Treatment history refers to trying to take drugs, 
including but not limited to steroids, Ginkgo 
biloba extract, and traditional Chinese medi-
cine. Pure tone audiometry, tinnitus loudness 
matching, and tinnitus frequency matching was 
carried out by an audiologist. Pure tone and nar-
row-band noise were used in the analysis for tin-
nitus frequency. Tinnitus loudness was matched 
by tinnitus matching frequency. Patients were 
evaluated into an audiological cabin and pure 
tone audiometry was performed on a Otometrics 
Audiology audiometer (Denmark). The severity 
of tinnitus, sleep, anxiety, and depression were 
evaluated using questionnaires.

Tinnitus Handicap Inventory
THI is currently the most widely used self-rating 
scale to evaluate tinnitus severity.24 The scale 
consists of 25 questions with 3 subscales: func-
tional, affective, and catastrophic subscales. Each 
question is divided into three stepwise scales of 
response, with a score of 100 representing the 
most severe degree of tinnitus. The reliability and 
validity of the scale were verified in previous stud-
ies.25–27 The scale was translated into Chinese in 
2007, and its reliability and validity have been 
validated in other studies.28,29

Tinnitus Evaluation Questionnaire
TEQ is a Mandarin version of the tinnitus evalu-
ation scale consisting of six questions; the first 
five questions are scored three points each and 
the sixth question is scored six points, with a total 
of 21 points.30 Questions include the perceived 
loudness and duration of tinnitus, the effect of 
tinnitus on sleep, concentration, mood, and the 
overall rating of tinnitus severity. A comparison 
between THI and TEQ revealed that TEQ had 
similar validity and reliability to THI in the 
Chinese populations and was more operational 
with less time required.31,32

Self-Rating Scale of Sleep
SRSS is a self-administered tool used to assess the 
severity of sleep over the last 1 month.33 SRSS 

consists of 10 items that can be rated on a 5-point 
scale ranging from 1 to 5. Higher scores denote 
severe sleep disorder based on the total score.

Self-Rating Anxiety Scale
SAS has been largely used in clinical practice, 
and it has high reliability and validity.34 SAS is a 
20-item Likert-type scale that reflects the mood, 
physical discomfort, mental activity, behavior, 
and psychological symptoms of patients, with 
raw scores that range from 20 to 80, which are 
converted by multiplying with 1.25 and then 
rounded off. Score description is as follows: <50 
indicates normal, 50–59 denotes mild anxiety, 
60–69 denotes moderate anxiety, and ⩾70 
denotes severe anxiety.

Self-Rating Depression Scale
SDS is frequently used, and it has high reliability 
and validity.35 The scale consists of 20 items with 
four scoring grades. Numbers from 1 to 4 are 
used for scoring based on the frequency of symp-
toms. The calculation method for scores is similar 
to that of SAS. The higher the score, the greater 
the level of depression.

Statistical analyses
Statistical analyses were conducted using IBM 
SPSS Statistics 25.0 (IBM Corp., Armonk, NY, 
USA). Descriptive analyses were performed for 
all the study variables. Univariate analyses for 
dichotomous variables were performed using 
independent sample t-tests and analysis of vari-
ance for multi-categorical variables. Effect sizes 
were quantified using Cohen’s d metric. Least 
significance difference (LSD) test was adopted as 
a post hoc test to determine the differences among 
groups. Bivariate correlations for continuous 
variables were calculated (Pearson’s correlation 
coefficient for normally distributed data and 
Spearman’s rank correlation coefficient for non-
normally distributed data). All statistical analyses 
for THI and TEQ were presented separately. 
After performing univariate analyses, variables 
showing a significant relationship with tinnitus 
severity were selected for subsequent multivariate 
analyses using a stepwise procedure. THI and 
TEQ were used as dependent variables in the 
analyses. The number of covariates in the multi-
variable model was limited to maintain at least 10 
events per variable.36 A dummy variable was 
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created for the number of sounds and used as a 
block based on the enter method for analysis. A 
strong correlation was defined as a correlation 
⩾ 0.50, moderate correlation as ⩾ 0.30 but 
< 0.50, and weak correlation as <0.30.37 p values 
<0.05 (two-sided) were considered statistically 
significant.

Results
A total of 201 patients who met the inclusion cri-
teria were included in the final analysis. Among 
them, 173 patients completed all the question-
naires and audiology examinations. The mean 
THI score was 50.2 while the mean TEQ score 
was 12.1. Both outcomes were normally distrib-
uted, and the correlation between THI and TEQ 
scores was moderate (r = 0.521). The cohort 
included 107 males and 94 females, with an aver-
age age of 45.7 years and tinnitus duration of 
47.2 months on average. Most patients had bilat-
eral tinnitus and a single tinnitus sound. In the 
present study, most patients had sought treat-
ments and had high expectations for the treat-
ment outcomes. The pure tone average (PTA) 
was 30.64 dB HL, the matched loudness of tin-
nitus was 55.4 dB HL, matched tinnitus fre-
quency was 4.4 kHz, and the average tinnitus 
loudness (VAS) of patients was 4.582. The 
detailed results are presented in Table 1. 
Distribution of THI scores based on categorical 
variables is shown in Figure 1. Distribution of 
TEQ scores based on categorical variables is 
shown in Figure 2.

Univariate relationships among variables
The results of univariate correlation analysis 
revealed that age was significantly associated with 
tinnitus severity. In addition, gender was associ-
ated with the severity of tinnitus based on THI 
only (p = 0.009). Treatment and family histories 
of tinnitus were not associated with tinnitus sever-
ity, and similar results were observed for the fac-
tor of expectancy in both types of questionnaires. 
No significant correlation was observed in the 
personalities and THI scores of the patients, 
while patients with three personality types exhib-
ited variability in the TEQ scale (p = 0.010). 
Furthermore, LSD test results revealed a signifi-
cant difference between patients with extroverted 
personality and patients who were unaware of 
their personality (p = 0.002), with extroverted 
patients exhibiting low levels of tinnitus distress. 

No significant differences were observed between 
introverted and extroverted patients.

Analysis of the correlation between factors influ-
encing tinnitus and tinnitus severity revealed that 
six variables were significantly associated with tin-
nitus severity based on THI. The variables 
included duration, number of sounds, change in 
loudness, change in pitch, tinnitus loudness 
(VAS), and PTA. The factors also exhibited sig-
nificant correlations based on TEQ analysis, in 
addition to change in pitch. Subsequent LSD post 
hoc tests involving the number of sounds revealed 
that patients hearing a single tinnitus sound had a 
significantly low severity based on THI and TEQ 
(p = 0.007), and no difference was observed in the 
other groups. Weak correlation was observed 
between matched tinnitus loudness and tinnitus 
severity (r = 0.273) based on TEQ analysis but no 
correlation was observed in THI analysis. 
Moreover, no correlation was observed between 
the location of tinnitus and tinnitus severity based 
on THI TEQ scales.

Moderate relationships were observed between 
SRSS, SAS, SDS, and THI (r = 0.364, 0.406, 
0.311, respectively). Same correlations were 
found between SRSS, SAS, SDS, and TEQ 
(r = 0.405, 0.483, 0.393, respectively).

Multivariate relationships among variables
The variables that were significantly associated 
with severity of tinnitus in univariate analysis 
were entered in two separate stepwise multivari-
ate models. Eleven variables were associated with 
THI and TEQ scores respectively, of which nine 
were identical.

Multiple regression analyses based on THI 
revealed that five variables exerted a significantly 
unique predictive effect on tinnitus severity. The 
scores for factors identified to be associated with 
tinnitus severity were all above the scores for 
‘SAS’, followed by ‘Change in loudness’, ‘PTA’, 
‘SRSS’, and ‘Change in pitch’. The detailed 
results are presented in Table 2.

Analysis using TEQ as the dependent variable 
revealed that five variables had a significantly 
unique predictive effect. The most influential var-
iables on TEQ were ‘Loudness (VAS)’, followed 
by ‘SAS’, ‘Change in loudness’, ‘Matched loud-
ness’, and ‘SRSS’. Three variables including 
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‘SAS’, ‘Change in loudness’, and ‘SRSS’ contrib-
uted significantly and independently in both 
models, which accounted for 20% of variance in 
the THI and 12% in the TEQ. The detailed 
results are presented in Table 3.

Discussion
The present study reviewed the general informa-
tion of patients with tinnitus who visited our clinic 

between April 2020 and April 2021. The results 
revealed that anxiety, sleep, and change in tinni-
tus loudness were the relevant factors influencing 
the severity of tinnitus based on the THI and 
TEQ scales. Belli et al.38 compared 90 outpatients 
with tinnitus to normal individuals and observed 
that 18.9% of the patients had anxiety disorder, 
and those with tinnitus had significantly higher 
anxiety and depression scores. The scores for 
patients with tinnitus were significantly higher 

Figure 1. Distribution of Tinnitus Handicap Inventory scores based on categorical variables.

Figure 2. Distribution of Tinnitus Evaluation Questionnaire scores based on categorical variables.
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Table 2. Stepwise multiple regression analyses on the THI regarding tinnitus severity.

R2 change β p

Included

 SAS 0.144 0.238 0.001

 Change in loudness 0.062 –0.220 <0.001

 PTA 0.032 0.187 0.002

 SRSS 0.026 0.200 0.006

 Change in pitch 0.021 –0.147 0.017

Excluded

 Age 0.631

 Gender 0.506

 Duration 0.225

 Loudness (VAS) 0.087

 SDS 0.820

 Number of sounds 0.416

PTA, pure tone average; SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; SRSS, Self-Rating Scale of 
Sleep; THI, Tinnitus Handicap Inventory; VAS, Visual Analogue Scale.

Table 3. Stepwise multiple regression analyses on the TEQ regarding tinnitus severity.

R2 change β p

Included

 Loudness (VAS) 0.179 0.233 0.001

 SAS 0.080 0.214 0.004

 Change in loudness 0.036 –0.192 0.004

 Loudness (dB HL) 0.025 0.171 0.010

 SRSS 0.018 0.158 0.036

Excluded  

 Age 0.368

 Duration 0.895

 Personality 0.625

 PTA 0.699

 SDS 0.209

 Number of sounds 0.560

PTA, pure tone average; SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; SRSS, Self-Rating Scale of 
Sleep; TEQ, Tinnitus Evaluation Questionnaire; VAS, Visual Analogue Scale.
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than those of the normal controls. The results are 
similar to those obtained in the current study in 
which the SAS scale was used to quantify anxiety 
status of patients. Twenty-nine patients (14%) 
presented with anxiety, which exhibited a strong 
positive correlation with severity of tinnitus. A 
cross-sectional survey conducted by Shargorodsky 
et al.39 revealed that frequent tinnitus was associ-
ated with generalized anxiety disorder. We used 
the same statistical approach that was used by 
Wallhäusser-Franke et al.21 and Hoekstra et al.,23 
that is, multifactorial analysis, to further screen 
for potential factors influencing tinnitus severity. 
The results of their studies suggested that the 
anxiety status of patients significantly influenced 
tinnitus severity, although they used the 
Generalized Anxiety Disorder-7 (GAD-7) and 
Symptom Checklist-90 (SCL-90) anxiety scales. 
The results of the present study revealed a signifi-
cant positive correlation between the quality of 
sleep and the severity of tinnitus in patients with 
tinnitus; the lower the quality of sleep, the more 
severe tinnitus was. The results are consistent 
with the findings of several previous studies.40,41 
We also evaluated changes in tinnitus loudness 
and pitch and observed that patients with 
increased tinnitus loudness over the course of the 
disease had relatively high THI and TEQ scores, 
suggesting that increased perception of tinnitus 
over the course of the disease could further 
increase the psychological burden of tinnitus on 
patients.

Our results are consistent with the findings of 
previous studies, which revealed that the general 
characteristics of patients with tinnitus, including 
gender, age, location, numbers of tinnitus, and 
duration of disease, are not associated with the 
severity of tinnitus.19,21,23 In addition, family his-
tory of tinnitus and treatment history of the 
patients were analyzed; however, no correlation 
was observed between the two variables and the 
severity of tinnitus. Two studies conducted by the 
team of Hiller and Goebel42,43 discussed the effect 
of location on the severity of tinnitus, but obtained 
opposite results. Yang et al.44 conducted a study 
comparing unilateral and bilateral tinnitus and 
found that patients with bilateral tinnitus had 
higher depression and tinnitus severity than 
patients with unilateral tinnitus. It should not be 
overlooked that in the study, the prevalence of 
headaches was higher in patients with bilateral 
tinnitus, and that headaches exacerbated anxiety 
and depression,45,46 which may account for the 

greater severity of tinnitus in patients with bilat-
eral tinnitus. Follow-up studies with large sam-
ples should explore the specific effect of location 
on tinnitus severity while controlling for underly-
ing tinnitus comorbidities. Patient personality 
and treatment expectancy were also included in 
the present study, although no correlations were 
observed based on THI and TEQ scores.

In the present study, we used VAS to allow 
patients to self-rate the loudness of their tinnitus 
and perform an audiometric test simultaneously 
to objectively match the loudness of the tinnitus. 
The results of univariate analysis revealed that 
both the loudness (VAS) and matched loudness 
had a significant correlation to TEQ; however, a 
correlation was observed only between loudness 
(VAS) and THI. No correlation was observed 
between loudness (VAS) and THI scores in the 
multifactorial analyses, although those were the 
first variables to reach significance in the TEQ 
model. The results were not consistent with the 
findings of Hoekstra et  al.23 in which the THI 
scale was used. A larger sample size was included 
in their study compared with our study. Moreover, 
patients in the present study had lower loudness 
(VAS) scores and higher THI scores. In addition, 
different variables were used in the two studies. 
We speculate that the aforementioned points may 
explain the observed discrepancy. No significant 
difference was observed in the correlations with 
THI scores when analyses were performed using 
matched loudness, but significant difference was 
observed when using loudness (VAS). Although 
measurement methods vary, Hoekstra et al.23 sug-
gested that loudness or matched loudness was 
independent of severity; however, the severity of 
tinnitus experienced by patients has an effect on 
the way loudness or pitch is perceived.

The current international tinnitus scales used 
include THI, TQ, Tinnitus Functional Index 
(TFI), and Tinnitus Reaction Questionnaire 
(TRQ), and the variations in the scales can lead 
to inconsistency in the results to a certain extent. 
In the present study, we used THI and TEQ to 
cross-validate the results and enhance the inter-
pretation of the results. THI and TEQ results 
revealed a high degree of agreement, with signifi-
cant correlation among 11 variables in the uni-
variate analysis, whereas 9 variables were identical 
[SDS, number of tinnitus sounds, PTA, age, 
duration, loudness (VAS), SAS, change in loud-
ness, SRSS]. With regard to the multivariate 
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analyses, the last three factors revealed significant 
correlations in both models. Reliable scales allow 
assessment of tinnitus severity, and identified 
potential influencing factors can facilitate rapid 
screening of tinnitus severity for individuals. 
Patients with these risk factors can be further 
evaluated using the scales to guide the choice of 
appropriate treatment.

There are no generally effective therapeutic inter-
ventions for tinnitus in current clinical applica-
tion. Identifying factors that influence severity of 
tinnitus, therefore, has the potential to improve 
the quality of tinnitus management and therapies. 
In this study, we used appropriate statistical 
methods and two validated scales simultaneously, 
finding that anxiety and sleep quality were key 
factors influencing tinnitus severity. These find-
ings further support the previous studies.12,21,23 
Follow-up study could focus on causal relation-
ship between these factors and tinnitus severity.

Limitations
The present study was a retrospective study that 
obtained general information from patients with 
tinnitus who visited our clinic over a period of 
1 year. Therefore, the sample size was small when 
compared with those of large population-based 
studies, making it difficult to fully represent the 
population with tinnitus. Second, participants  
of the present study were required to complete 
several questionnaires in the outpatient clinic, a 
process that required a great deal of time and 
patience. Although we eliminated questionnaires 
that did not met the requirements of the study 
during data analysis phase, the risk of potential 
misinterpretation and misfiling of questionnaires 
may still exist during the data collection process. 
This is especially important among participants 
with lower education levels. Therefore, future 
studies should be designed to take the risk of mis-
interpretation and provision of inaccurate infor-
mation into account.

Conclusion
The factors influencing the severity of tinnitus are 
diverse, and the relationship between the factors 
and tinnitus severity remains unclear. Tinnitus 
Severity Scale is a reliable method of evaluating 
tinnitus severity. Although the use of different 
tinnitus severity scales yielded variable results, the 

results revealed a high degree of agreement. SAS, 
change in loudness, and SRSS were common fac-
tors influencing tinnitus severity based on THI 
and TEQ. In clinical practice, an initial determi-
nation of the severity of tinnitus should be made 
by interrogating these factors in patients.
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