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ABSTRACT
Introduction: Tinnitus is a frequent condition that indicates the sensation of sound in the absence of a corresponding 
external stimulus and can significantly impair the quality of life. The main risk factor for developing tinnitus is hearing 
loss. The diagnosis of tinnitus is based on history, assessment of tinnitus severity, clinical examination, and audiological 
tests. The main purpose of this research was to examine the relationship between the presence and level of hearing 
loss and the characteristics of tinnitus in patients with bilateral subjective tinnitus.

Methods: Total number of 50 participants, 20 men, and 30 women were included in the research. Demographic data, 
data on hearing impairment obtained by tone audiometry, and data on difficulties caused by tinnitus obtained in two 
questionnaires - Tinnitus Handicap Inventory (THI) and Tinnitus Functional Index (TFI) were used.

Results: Age above 30 years is significantly associated with tinnitus with hearing loss. Hearing impairment is also 
significantly more often associated with an auditory TFI index >6.7, a total THI index >20, and an emotional THI index 
>3. Hearing loss was noted in 76% of patients.

Conclusion: Tinnitus represents a significant burden for patients, therefore it is important to assess the impact of 
tinnitus on daily activities and quality of life.
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INTRODUCTION

Tinnitus can be defined as a sensation of sound in 
the absence of a corresponding external stimulus. It 
is a frequent but pathophysiologically and clinically 
heterogenous condition, that can significantly reduce 
patients’ quality of life. Decreased quality of life is usually 
caused by insomnia, reduced speech discrimination, 
depression, and reduced ability to focus1. Most 
epidemiological studies estimate tinnitus prevalence 
between 10 and 15% among adults in Western Europe 
and the United States1. Similar data from African and 
Asian researchers imply that tinnitus is a significant 
global burden2,3. The prevalence of tinnitus increases 
with age and it is highest in the age group between 60 
and 69 years, where it amounts to 31.4% in the United 
States4. People above the age of 70 are probably less 
likely to seek medical advice for tinnitus due to their 
other comorbidities5. While some authors report a 
similar prevalence of tinnitus between genders, tinnitus 
associated with sensorineural hearing loss is slightly more 
common in men, which is mostly attributed to increased 
exposure to industrial noise6,7. Sensorineural hearing 
loss is the main risk factor for the development of tinnitus 
and almost any pathology of the auditory system can be 
accompanied by tinnitus8. Characteristics of hearing loss 
affect the character of tinnitus and patients with hearing 
loss in high frequencies usually describe their tinnitus 
as a pure tone, while patients with pantonal hearing loss 
tend to perceive their tinnitus as an irregular noise9. A 
consensus between tinnitus researchers is that tinnitus 
in patients with hearing loss is a neuroplastic reaction to 
deafferentation10. This concept of tinnitus is analogous to 
the development of phantom pain after limb amputation11. 
Although some patients with hearing loss never develop 
tinnitus and some with catastrophic tinnitus have normal 
tonal audiograms, tinnitus patients without hearing loss 
tend to have cochlear or outer hair cell lesions12. Chronic 
tinnitus can cause various cognitive dysfunctions but it 
particularly affects attention and working memory13,14. 

In addition to a detailed history, clinical examination, 
and audiological and neurotological tests, estimation of 
tinnitus severity is a crucial part of the diagnostic protocol 
for tinnitus. This is usually performed using standardized 
questionnaires, such as Tinnitus Handicap Inventory (THI) 
and Tinnitus Functional Index (TFI)15. Both questionnaires 
estimate the severity of tinnitus well but TFI is superior 
for evaluating patients’ response to therapy16. Also, 
results of TFI obtained from different linguistic areas may 
provide valuable conclusions about the impact of tinnitus 
on patients from various socioeconomic and cultural 
backgrounds17.

While the body of knowledge about the association 
between hearing status and severity of tinnitus has grown 
during recent years, more data on the impact of hearing 
loss on tinnitus characteristics is still needed17. The 
overall aim of this study was to examine the relationship 
between the presence and level of hearing loss with 
the characteristics of tinnitus in patients with bilateral 

subjective tinnitus. The specific aims of the study were 
to determine the characteristics of tinnitus in patients 
with hearing impairment and those with normal hearing 
considering their age, sex, degree of hearing loss and 
involvement of specific frequencies, total score and 
subscores of the TFI, and total score and subscores of 
the THI.

PATIENTS AND METHODS

This was a cross-sectional observational study conducted 
at a tertiary referral center for hearing and balance 
disorders. All data was collected in accordance with 
regulations regarding the protection of personal data and 
with written consent from the patients. The research has 
been approved by the competent ethical board according 
to the current criteria of good clinical practice and the 
Helsinki Declaration.

The study included 50 patients of both sexes with bilateral 
subjective tinnitus with or without bilateral symmetrical 
sensorineural hearing loss who were examined in between 
September 2022 and February 2023. Exclusion criteria 
were: disease associated with tinnitus (i.e. Ménière’s 
disese), unilateral tinnitus, unilateral asymmetrical 
hearing loss, and incomplete data. Patients’ demographic 
data, Pure Tone Audiometry (PTA) findings, and data 
on disability caused by tinnitus acquired using Croatian 
versions of the TFI and THI were used. The THI consists 
of 25 questions to which participants can respond with 
„Yes“, „Sometimes“ and „No“. The responds are scored 
with four, two or zero points, resulting in a total score 
ranging from 0 to 100. Considering the results of the THI, 
participants’ tinnitus can be classified into five groups: 
weak (0-16), medium (18-36), moderate (38-56), severe 
(58-76), and catastrophic (78-100)18. The TFI consists of 
25 questions to which participants respond with a value 
between 1 and 10. According to the results of the TFI, 
participants can be classified into three groups based on 
their scores: mild annoyance (<25), moderate annoyance 
(25-50), and severe annoyance (>50)19. 

The relevant anamnestic data (participants’ age 
and gender), PTA results and scores of TFI and THI 
questionnaires were stored in a Microsoft Office Excel 
file. The data were encoded to ensure the anonymity of 
the participants.

The data were statistically analyzed using the SPSS 
software (Version 22.0. Released 2013. IBM SPSS 
Statistics for Windows, Armonk, NY: IBM Corp.). The 
moment of questionnaire completion was considered 
as the starting point of the study, and data collection 
on the level of hearing impairment using PTA was 
completed on the same day as the final point of the 
research. The presence and level of hearing impairment 
were compared with tinnitus characteristics using the 
analysis of THI nad TFI questionnaires, along with the 
analysis of subgroups. The dependant variables were the 
presence of impairment (binary: 0/1) and the presence 
of scotomas (hearing impairment affecting only one 



219
International Tinnitus Journal, Vol. 27, No 2 (2023)

www.tinnitusjournal.com

speech frequency) in patients who did not meet the 
criteria for clinically significant hearing loss (binary: 
0/1). The independent variables included age, gender, 
the overall TFI questionnaire score, and values from the 
TFI questionnaire subgroups: intrusiveness, sense of 
control, cognitive impairment, disturbed sleep, auditory 
phenomena, inability to relax, impact on quality of life, 
and impact on emotions. Similarly, the same analysis was 
conducted for overall THI questionnaire score and THI 
subgroups: functions, emotions, catastrophic tinnitus, 
and THI disturbance level. The characteristics of the THI 
and TFI questionnaires were also analyzed according to 
hearing impairment in dB at individual frequencies from 
125 do 8000 Hz and average hearing impairments in dB 
at overall frequencies, as well as speech frequencies 
(500-4000 Hz).

The normality of data distribution was checked using 
the Kolmogorov-Smirnov test, and based on the 
results, parametric or non-parametric tests were used 
accordingly, along with appropriate presentation of 
continuous values (mean and standard deviation or 
median). A large number of variables were anticipated, 
so tests that can compensate for unfavorable ratios of 
participants to variables were employed. In order to 
mitigate the potential negative impact of a small number 
of participants on testing a larger number of variables, 
binary logistic regression was used, which is less 
sensitive to a large number of variables and allows for the 
establishment of causal relationships between dependant 
and tested variables. Subsequently, for each variable 
showing a statistically significant association with the 
dependant variable, Receiver Operating Characteristic 
(ROC) analysis was performed, and the results were 
presented with the Area Under the ROC Curve (AUC) and 
the calculated threshold value of maximum sensitivity and 
specificity using the determination of the Youden J point. 
The analysis was also verified using the Kruskal-Wallis 
test for non-binary variables, and significant associations 

were presented graphically. All statistical tests were 
two-tailed, and p-values less than or equal to 0.05 were 
considered statistically significant. 

RESULTS

The research involved 50 subjects with bilateral subjective 
tinnitus. There were 20 male and 30 female participants, 
which makes a male-female ratio of 2:3. The average age 
was 52.34 years, with a range of 19 to 80 years of age and a 
standard deviation of 15.88 years. The average age of men 
was 50.35 ± 14.92 years, with a median of 47.5 years, and 
women 53.67 ± 16.35 years, with a median of 57 years.

A statistical analysis of the association between the 
presence of hearing impairment and the characteristics of 
tinnitus was performed using a binary logistic regression 
model, which showed that the presence of hearing 
impairment as a dependent variable was associated 
with increasing age of patients (p=0.027, OR 4.9), while 
the presence of hearing impairment was associated 
with a higher score of the auditory component of the 
TFI questionnaire (p=0.001, OR 15.04), a higher score 
of the THI questionnaire (p=0.037, OR 4.34) and with 
a higher score of the emotional component of the THI 
questionnaire (p=0.025, OR 5.04).

These associations were then expressed using ROC 
curves with associated confidence intervals and sensitivity 
and specificity values. 

Participants older than 30 have significantly more often 
tinnitus associated with hearing impairment. (AUC 0.719, 
p=0.023, CI95 0.573-0.866) Youden J cut-off criterion is 
30 years, sensitivity 92.1%, specificity 91.7% (Figure 1).

Participants with hearing impairment have significantly 
more frequent auditory TFI index >6.7. (AUC 0.866, 
p=0.001, CI95 0.753-0.980) Youden J cut-off criterion 
is TFI auditory subgroup, value >6.7, sensitivity 94.7%, 
specificity 83.3% (Figure 2).

Figure 1. Participants older than 30 have significantly more often tinnitus associated with hearing impairment. (AUC 0.719, p=0.023, 
CI95 0.573-0.866) Youden J cut-off criterion is 30 years, sensitivity 92.1%, specificity 91.7%.



220
International Tinnitus Journal, Vol. 27, No 2 (2023)

www.tinnitusjournal.com

Participants with hearing impairment have a significantly 
more frequent total THI score >20. (AUC 0.698, p=0.040, 
CI95 0.554-0.843) Youden J cut-off criterion is THI total 
score, value >20, sensitivity 84.2%, specificity 91.7% 
(Figure 3).

Participants with hearing impairment have a significantly 
more frequent emotional THI score >3. (AUC 0.706, 
p=0.033, CI95 0.562-0.850) Youden J cut-off criterion 
is THI emotional subgroup, value >3, sensitivity 94.7%, 
specificity 91.7% (Figure 4).

Furthermore, non-parametric Kruskal-Wallis and Mann-
Whitney U tests confirmed that age (p=0.023), the 
auditory subgroup of TFI score (p=0.001), total THI 

score (p=0.04) and the emotional subgroup of THI score 
(p=0.032 ) are associated with the presence of hearing 
impairment. The presence of hearing impairment scotoma 
in patients who do not meet the criteria for clinically 
present hearing impairment is associated with higher 
values of the subgroup of the TFI questionnaire related to 
sleep difficulties (p=0.044).  The average value of the total 
sum of the TFI questionnaire is 62.07 (range of sum 7.06-
163.53), and THI 40.08 (range of sum 2-90). According to 
the results of the TFI questionnaire, 7 subjects are mildly 
disturbed by tinnitus, 9 are significantly disturbed, and 34 
are severely disturbed. According to the results of the THI 
questionnaire, there are 6 very mild difficulties, 18 mild, 
15 moderate, 8 serious, and 3 very serious difficulties.

Figure 2. Participants with hearing impairment have significantly more frequent auditory TFI index >6.7. (AUC 0.866, p=0.001, CI95 
0.753-0.980) Youden J cut-off criterion is TFI auditory subgroup, value >6.7, sensitivity 94.7%, specificity 83.3%.

Figure 3. Participants with hearing impairment have a significantly more frequent total THI score >20. (AUC 0.698, p=0.040,     CI95 
0.554-0.843) Youden J cut-off criterion is THI total score, value >20, sensitivity 84.2%, specificity 91.7%.



221
International Tinnitus Journal, Vol. 27, No 2 (2023)

www.tinnitusjournal.com

Hearing impairment was recorded in 38 (76%) patients. 
Among them, 14 (36.84%) are men and 24 (63.16%) 
are women. Scotomas of hearing loss affecting high-
frequency hearing, but not the speech-discriminating 
frequencies were recorded in 10 patients (20%). Among 
patients with normal hearing12, the ratio of males to 
females is equal, 1:1. The average age of patients with 
hearing loss is 55.13, and that of patients with normal 
hearing is 43.83.

The average hearing threshold on the right ear measured 
by PTA in the range of speech frequencies (500-4000 Hz) 
is 24.15 dB and on the left ear 28.19 dB. The total average 
hearing threshold on the right ear measured by PTA is 
26.35 dB and on the left ear 30.82 dB. The difference 
is not statistically significant, considering that 5 dB is 
taken as the smallest clinically significant difference. 
The average hearing threshold measured by PTA in 
the range of speech frequencies for both ears is 26.17 
dB, and the total average hearing threshold is 28.59 dB 
(Table 1).

DISCUSSION

Tinnitus is a multifactorial symptom, with development 
induced by hearing loss, physical and psychological 
diseases, as well as the use of drugs7. Only patients 
in whom no organic cause of tinnitus was identified 
participated in this study.

According to some studies, tinnitus occurs more 
often in men, although not all results were statistically 
significant7,20-22. Also, the prevalence of tinnitus in people 
with preserved hearing is higher in men5. In this study, 
tinnitus was recorded in more women than men (60%: 
40%), and the prevalence of tinnitus in patients with 
preserved hearing is equal in men and women (50%).

Tinnitus is substantially associated with advancing age 
and most commonly occurs in adults of age 30 to 70 
years7,23. Tinnitus is frequently associated with progressive 
hearing loss in adults between the ages of 45 and 55, 
a condition known as presbytinitus24. The results of this 
research confirm that. In 76% of the patients, temporary 

Figure 4.  Participants with hearing impairment have a significantly more frequent emotional THI score >3. (AUC 0.706,          p=0.033, 
CI95 0.562-0.850) Youden J cut-off criterion is THI emotional subgroup, value >3, sensitivity 94.7%, specificity 91.7%.

Average hearing threshold (dB)

Frequency (kHz) Left Right 
0.125 29.1 22.4
0.25 27.3 19.1
0.5 24.96 17.3

0.75 24.62 19.52
1 24.5 2.5

1.5 25.26 21.98
2 26.4 23.2
3 32.6 27.4
4 36.9 35.6
6 42.7 41.4
8 44.7 41.5

Table 1. The average hearing threshold level as a function of frequency measured by tone audiometry.
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hearing loss was recorded, which supports the theory 
that a reduction in the effective functioning of the efferent 
cochlear system causes tinnitus25. Research conducted 
by Sanchez et al. And26,27 Savastano et al. Showed5 
that patients with tinnitus who have normal hearing are 
younger than patients with tinnitus who have a hearing 
impairment. The same was confirmed by this research 
(average of 43.83 vs 55.13 years).

The frequency of tinnitus in most studies is similar in 
groups with and without hearing loss18. Patients with 
hearing loss have higher tinnitus loudness as determined 
by Minimum Masking Level (MML) testing, but in some 
studies, the level of tinnitus interference measured by 
standardized questionnaires such as TFI and Tinnitus 
Severity Index (TSI) is the same between tinnitus 
patients with and without hearing loss5,18. Other studies 
report greater subjective tinnitus distress measured by 
TFI and THI in patients with hearing loss17. Although 
patients with tinnitus and hearing loss in most studies 
report subjectively greater tinnitus distress (measured, 
for example, with a visual-analog scale), their tinnitus is 
also easier to mask, i.e. they experience it less in louder 
environments and when doing activities5.

The use of THI and TFI questionnaires is essential 
in assessing the impairment of quality of life caused 
by tinnitus28. In the category of patients with tinnitus 
without hearing loss, the prevalence is highest in the age 
group between 41-50 years7. The character of tinnitus 
in patients without hearing loss depends significantly 
on the lateralization of noise. Patients with a history of 
bilateral tinnitus more often report exposure to noise, 
hypersensitivity to sound, longer duration, and higher 
frequency of tinnitus28. Noise exposure and aging are risk 
factors for the development of subclinical hearing loss, a 
condition caused by the loss of synapses between inner 
sensory cells and auditory nerve fibers with preserved 
inner and outer sensory cells. This condition is not 
detected by standard PTA, patients can hear even quiet 
sounds, but can hardly understand speech in a noisy 
environment. The loss of auditory nerve synapses leads 
to a compensatory increase in central neural activity, 
so tinnitus without hearing loss can be a precursor to 
diseases that are diagnosed only after the onset of 
hearing loss5,29. Based on auditory evoked potentials, 
bilateral tinnitus without hearing loss is associated with 
increased activity of the cochlear nuclei. Research shows 
increased amplitudes and shortened latencies of waves 
III and V in patients with bilateral tinnitus, and neurons of 
the ventral cochlear nucleus participate in the generation 
of these waves30. 

Patients with normal hearing and unilateral tinnitus, on the 
other hand, do not show severe alterations in objective 
audiological evaluation, but their findings are more 
similar to the general population. They also have more 
tinnitus distress, as measured by the THI questionnaire, 
than the group with bilateral tinnitus and normal hearing, 
indicating that higher cortical structures, such as the 

limbic system and prefrontal cortex, are involved in the 
development of unilateral tinnitus in people with normal 
hearing30. This pathogenetic mechanism is supported 
by the fact that there was no discernible relationship 
between tinnitus intensity and tinnitus distress, neither in 
those with hearing loss nor in those with normal hearing, 
and that tinnitus distress is undoubtedly connected to 
psychological distress states like anxiety and depression7. 
Mahafza et al. in their research proved a more persistent 
tinnitus determined by TFI, a lower sense of control over 
tinnitus, a more significant impact on sleep, and greater 
hearing difficulties in the group of patients with tinnitus 
and temporary hearing loss compared to patients with 
tinnitus and normal hearing17. Tinnitus in the left ear is 
more common due to the greater sensitivity of the left 
cochlea to damage caused by, for example, noise31.

According to the results obtained in this research, it was 
shown that age, the auditory subgroup of the TFI score, 
the total THI score, and the emotional subgroup of the THI 
score are related to the presence of hearing impairment.

The association of the auditory subgroup of TFI results 
and acquired hearing impairment was also confirmed in 
the research conducted by Mahafza et al., which indicates 
that individuals with acquired hearing loss and tinnitus 
have more difficulties related to hearing17. Therefore, 
the auditory subgroup of the TFI questionnaire may 
provide useful information to identify the characteristics 
of different hearing-related difficulties in tinnitus patients, 
which influence the severity of tinnitus-related suffering. 
According to research conducted by Fackrell et al.32,33, 
the auditory subgroup of the TFI questionnaire did 
not contribute to the overall concept of assessing the 
functional effect of tinnitus in their research. Moreover, 
they suggest that the TFI questionnaire be modified and 
that the auditory subgroup be omitted from it32,33.

Mahafza et al. proved that the state of hearing has an 
impact on the following subgroups: intrusiveness, sense 
of control, sleep, listening quality, ability to relax, and 
quality of life. However, no difference was found between 
the cognitive and emotional subgroups in patients with 
and without hearing impairment. One possible explanation 
is that both cognitive and emotional subgroups reflect a 
general aspect of tinnitus severity that does not depend 
on hearing status.

To the best of our knowledge, the connection between 
the emotional subgroup of the THI questionnaire and 
sensorineural hearing loss has not been described 
in the literature so far, so this result represents a new 
contribution to the understanding of the effect of tinnitus 
and sensorineural hearing loss on the emotional state of 
the patient.

The research conducted by Martines et al.7showed 
that 23.1% of patients, according to the results of the 
THI questionnaire, have difficulties with sleeping and 
performing daily activities. Also, in the same research, 
it was assumed that the discomfort associated with the 
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presence of tinnitus, especially in people with normal 
hearing, is caused by a certain degree of psychological 
distress and attention that interfere with habituation. 
The authors also state that the patient’s reaction to 
tinnitus cannot be classified as a simple function of its 
psychoacoustic aspects, but also as a complex interaction 
between acoustic phantom symptoms, attention and 
symptoms of depression7. In our study, 37 (74%) patients 
with tinnitus have difficulty sleeping, which is related to 
the presence of hearing impairment scotoma.

Most patients with tinnitus seek specialist help when 
tinnitus starts to interfere with their daily activities. The 
feeling of discomfort caused by the presence of tinnitus 
occurs more often in patients with hearing loss. This 
may indicate that hearing loss significantly increases 
tinnitus distress, even if the hearing loss is not severe. 
However, the THI results from the research conducted by 
Savastano show that tinnitus, even if it is not accompanied 
by hearing loss, can cause sleep disturbances and 
difficulties in performing daily activities. On the other 
hand, when tinnitus is associated with hearing loss, it can 
only be heard in a quiet environment, easily masked and 
forgotten during activities5.

Dauman et al. stated in their work that the shared 
experiences of patients with tinnitus enabled a better 
understanding of their condition because their experiences 
and perceptions in different circumstances were taken 
into account. Patients with chronic tinnitus stated that 
they are extremely frustrated because they cannot control 
the occurrence of tinnitus. They suggest individualized 
counseling and psychotherapeutic approaches should 
be aimed at reducing the mentioned frustrations34.

The limitations of this study are a small sample, a 
cross-sectional study, and the use of only PTA in the 
assessment of hearing impairment, as the use of additional 
electrophysiological methods could complement the 
information obtained by subjective methods of tinnitus 
assessment. However, since tinnitus is a purely subjective 
category, and this research focused on the burden of the 
disease and quality of life, we believe that the collected 
data are sufficient for an insight into the connection 
between hearing and the quality of tinnitus, which has not 
been investigated so far.

CONCLUSION

Tinnitus, in addition to representing a significant global 
burden, affects the daily activities and quality of life of 
the patient. Associations between the emotional THI 
questionnaire subgroup and presence of sensorineural 
hearing loss helps us to understand the impact of tinnitus 
and chronic hearing loss on the patient’s emotional state. 
Therefore, the use of THI and TFI questionnaires plays an 
important role in assessing the specific emotional impact 
of tinnitus on the patient’s daily life.
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