BALKAN
ORL-HNS

ORIGINAL ARTICLE
BALKAN ORL-HNS 2025;2(3):74-81

Can Different Underlying Pathophysiology of
Hearing Loss Impact the Effects of Hearing Aids on
Decreasing Tinnitus Annoyance and Improving Sleep
Quality in Tinnitus Sufferers?

ABSTRACT

Background: Tinnitus is a common and often distressing symptom, affecting up to 80% of
individuals with hearing loss. It can significantly impair emotional well-being, sleep qual-
ity, and overall quality of life. This study aimed to assess the effectiveness of hearing aids
in reducing tinnitus annoyance and improving sleep among patients with noise-induced
hearing loss (NIHL) and presbycusis. Given the different underlying pathophysiology in
these conditions, their responses to amplification may differ.

Methods: Seventy adults participated, including 35 patients aged 20-40 years with NIHL

and 35 aged 50-65 years with presbycusis. Participants completed the Tinnitus Functional
Mahdie Soltani Nasab'*?
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Index (TFI) and Insomnia Severity Index (ISI) questionnaires before and 6 months after
consistent hearing aid use. Outcomes were compared between the 2 groups.
Yones Lotfi*

Mohsen Vahedi®

Results: Significant improvements in overall TFl scores and most subscales were observed
in both groups after hearing aid use. Participants with NIHL initially reported more severe

tinnitus than those with presbycusis (53.77 and 48.16, respectively); however, the post-
intervention results were nearly identical in both groups (30.56 in NIHL group and 30.05 in
presbycusis group), which indicates a higher degree of improvement in the NIHL group
with P values smaller than .001 when comparing pre- and post-intervention scores. The
ISI scores also decreased in both groups, reflecting improved sleep, though changes were
less marked than those seen in tinnitus severity.

Conclusion: Hearing aids can effectively reduce tinnitus-related distress and improve
sleep in individuals with different types of hearing loss. While both groups benefited,
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those with presbycusis reported milder symptoms overall, possibly due to greater adapta-
tion to chronic hearing changes.
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Tinnitus is a prevalent condition in which individuals perceive sound without any external Received: May 18,2025
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auditory source. It frequently co-occurs with hearing loss, with research indicating that L L o
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and rehabilitation techniques have been developed to mitigate its effects, including counsel-
ing and sound therapy.** Sound therapy involves exposure to various sounds such as music,
white noise, or environmental sounds, which may help reduce the perception of tinnitus by
either masking it or fostering habituation.? One of the common methods of sound therapy
for individuals with hearing loss is through the use of hearing aids.>®
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Hearing aids have been shown to be an effective approach for allevi-
ating bothersome tinnitus in patients with hearing impairment, and
their efficacy has been assessed using various questionnaires, includ-
ing the Tinnitus Handicap Inventory, Tinnitus Functional Index (TFI),
and Tinnitus Reaction Questionnaire.”?

Tinnitus can also adversely affect sleep quality, with sufferers report-
ing difficulties with both sleep onset and duration, which in turn
diminishes their overall quality of life and disrupts daily activities.
External sounds such as white noise or nature sounds have been
reported to alleviate tinnitus annoyance, particularly during sleep.’®"

Why Hearing Aids Help with Tinnitus?

There are 2 primary neurophysiological explanations for the efficacy
of hearing aids in managing bothersome tinnitus. First, hearing aids
amplify ambient environmental sounds, which can diminish the
perceived loudness of tinnitus by partially or fully masking it.'> This
reduction in tinnitus prominence allows the individual to shift their
attention from the tinnitus to external sounds, facilitating the habitu-
ation process and gradually decreasing the loudness and annoyance
of the condition.™

The second rationale pertains to the coexistence of bothersome tin-
nitus with hearing loss. The 2 most common causes of hearing loss
are noise exposure and age-related degeneration (presbycusis),
both of which typically result in high-frequency hearing loss. From
a neurological standpoint, the sensory deprivation caused by hear-
ing loss can lead to permanent alterations in auditory neural path-
ways.'"*"> Studies have suggested that these adverse changes may
be reversible when the individual is exposed to appropriate auditory
stimuli.’®” In cases of high-frequency hearing loss, the absence of
these frequencies may trigger the perception of subjective tinnitus.
By amplifying these lost sounds through hearing aids, the function of
auditory neural pathways is gradually restored, potentially reducing
tinnitus severity.'®

As mentioned, there are 2 common etiologies of high-frequency
hearing loss: noise-induced hearing loss (NIHL) and presbycusis or
age-related hearing loss.”® These conditions differ in their patho-
physiological impact on cochlear structures and neural pathways.
Presbycusis, a degenerative condition, leads to anatomical and physi-
ological changes in the auditory system, including the cochlea and
the vestibulocochlear nerve.” In contrast, NIHL is primarily caused
by damage to the cochlear hair cells due to prolonged exposure to

MAIN POINTS

 Hearing aids significantly reduced tinnitus distress in both noise-
induced hearing loss (NIHL) and presbycusis groups, as measured
by the Tinnitus Functional Index (TFl).

« Clinically meaningful (>20%) improvement in TFl scores was
observed in 79.41% of NIHL patients and 54.29% of presbycusis
patients.

« Sleep quality improved in both groups after hearing aid use, as
indicated by decreased Insomnia Severity Index scores.

« A strong correlation was found between reduced tinnitus distress
and improved sleep quality in both groups.

« Despite differing pathophysiology, both hearing loss types
responded positively to hearing aid intervention, supporting neu-
ral plasticity-based rehabilitation.
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loud sounds, such as industrial noise or loud music, leading to high-
frequency hearing loss.’2°

Given the distinct pathophysiology of these 2 types of hearing loss,
the involved neural network, the neural plasticity changes and
response to different tinnitus management strategies, particularly
those involving hearing aids, may vary. This study aimed to compare
the effects of hearing aids on bothersome tinnitus in individuals with
presbycusis and NIHL. Additionally, the impact of hearing aids on
sleep quality was explored in both groups, assessing improvements
in sleep and overall quality of life.

Material and Methods

After receiving the appropriate approvals from the cooperative cen-
ter and the research ethics code from University of Social Welfare
and Rehabilitation Sciences, on May 29, 2024 with the following ID:
IR.USWR.REC.1403.051, data from 70 individuals with bothersome
tinnitus attending the Tinnitus Clinic at Tinnitus Clinic reviewed and
analyzed in this prospective cohort study. All participants agreed to
take part in the study by filling out an informed written consent. In
this study, the minimum required sample size was calculated using
a sample size formula for comparing 2 means?' and based on data
from a similar study,? resulting in 33 participants per group with a
power of 0.84. Therefore, accounting for potential dropouts during
follow-up, 35 participants were included in each group, for a total of
70 participants in the study.

All participants reported bilateral non-pulsatile tinnitus. The first
group consisted of 35 patients, aged 20-40, who had a history of
noise exposure and presented with bilateral mild-moderate high-fre-
quency hearing loss. This group was classified as the NIHL group. The
second group included 35 patients aged 50-65, with the same type
and degree of hearing loss, identified as the presbycusis group.
The onset age of presbycusis was considered at 50 years old?* and
the age range included the age of up to 65 years old to decrease the
possibility of cognitive decline impacting the results.?® Audiometry
was performed with an Affinity PC-based audiometer, Interacoustics,
Denmark. Although cognitive decline can be evident from 45-49
years old,*® the selected age range for this group aimed to minimize
the potential influence of age-related cognitive decline on the study
outcomes. None of the individuals had a history of otological issues
or cognitive impairment and were all first-time hearing aid users.
Tympanometry was performed on all participants to confirm normal
middle ear function (Titan tympanometer, Interacoustics, Denmark).
Tinnitus mapping was not performed in this study, consistent with
BSA guidelines,”” though this omission represents a limitation as
mapping could have provided more detailed characterization of
tinnitus profiles. None of the subjects were taking any kind of medi-
cations for sleep. All 70 participants reported chronic tinnitus for at
least a year.

All subjects were fitted with bilateral open-fit Oticon Engage hear-
ing aids, with fittings verified using Real Ear Measurements using
NAL-NL2 prescription formula.?® Tinnitus programs such as noise-
generator programs on the hearing aids were disabled. Individualized
adjustments were performed in the fitting appointment to accom-
modate personal preferences and to provide better sound qual-
ity. Participants completed the TFI questionnaire and the Insomnia
Severity Index (ISI) before receiving their hearing aids and used the
devices consistently for 6 months. Data logging was used to monitor
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the consistent use of hearing aids, with a minimum of 6 hours of daily
use. After this period, both questionnaires were re-administered, and
the results were compared. No randomization or blinding proce-
dures were applied in this study; outcome assessments were based
solely on participant-reported questionnaires.

Tinnitus Functional Index

The TFl is a highly validated self-report questionnaire designed to
assess both the severity and the negative impact of bothersome tin-
nitus.” It is widely used for evaluating the efficacy of tinnitus treat-
ments. The TFl covers 8 subscales, each reflecting an area potentially
affected by tinnitus: intrusive, sense of control, cognitive, sleep, audi-
tory, relaxation, quality of life, and emotional. The questionnaire con-
tains 25 items, and results are expressed as percentages. A score of
0%-17% indicates that tinnitus is not a problem, 18%-31% reflects
a small problem, 32%-53% indicates a moderate problem, 54%-72%
signifies a significant problem, and 73%-100% suggests a very severe
problem.® A 20% improvement in the total score is considered
clinically significant, indicating a meaningful reduction in tinnitus
annoyance.”

Insomnia Severity Index

The ISl is a brief screening tool used to assess the severity of insom-
nia.>' Taking approximately 5 minutes to complete, it comprises 7
questions focused on the individual's symptoms, satisfaction with
sleep patterns, the interference of insomnia with daily functioning,
the visibility of insomnia to others, and the overall distress caused by
sleep difficulties. While multiple cutoff scores have been reported in
the literature, a cutoff score of 11 was used in this study to indicate
significant sleep difficulties.3'32

Results

Data was extracted from 70 individuals, 35 of these individuals were
in the NIHL group and 35 in the age-related hearing loss (presbycu-
sis) group. Across the total sample, the mean age was 42.71 years,
and the age range was from 20 to 65 years. The participants’ gen-
der was equally distributed (50% female and 50% male). In the NIHL
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group, the mean age was 32.85 years, and the age range was 20 to 40
years, with 55% female and 45% male participants. In the presbycusis
group, the mean age was 57.86 years, and the age range was 50 to 65
years, with 54.3% female and 45.7% male participants. This informa-
tion indicates that, from a descriptive statistics standpoint, there was
no significant gender difference between the NIHL and presbycusis
groups.

In all studied individuals, frequency thresholds from 250 Hz to 2000
Hz in both ears were within the normal range (less than 20 dB HL).
Frequencies from 3 kHz to 8 kHz were examined in both groups,
and the average hearing thresholds at these frequencies were also
measured. The mean pure tone averages (PTA) at these frequencies
were 43.65 £ 9.65 dB in the NIHL group and 51.67 + 9.81 dB in the
presbycusis group. In the NIHL group, the mean thresholds at 8, 6,
4, and 3 kHz were 37.65, 49.56, 48.89, and 38.50 dB, respectively. In
the presbycusis group, these thresholds were 58.32,58.11,49.91, and
40.34 dB, respectively. There was no statistically significant differ-
ence in the thresholds between the 2 groups at any frequency, with
P-values greater than .05 (Figures 1 and 2). The mean PTA thresholds
for the right and left ears are presented separately to facilitate visual
interpretation; however, no significant asymmetries in hearing levels
were observed in either group.

The data collected from the TFI questionnaire, used to assess the
severity of tinnitus before and after intervention for both groups, is
presented in Table 1. In the NIHL group, the pre-intervention mean
TFI score was 53.77, indicating moderate (nearly significant) tinnitus
symptoms. After the intervention, the mean TF| score decreased to
30.56, which corresponds to a mild problem, demonstrating a signifi-
cantimprovement in the score. Further analysis showed that 79.41%
of participants in the NIHL group had more than a 20% improvement
in their TFl scores. Details of the statistical analysis of both groups are
presented in Tables 2 and 3.

In the presbycusis group, the pre-intervention mean TFI score was
48.16, indicating significant tinnitus symptoms. After the interven-
tion, the mean TFI score decreased to 30.05, showing improvement
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Figure 1. Line art indicating mean PTA for noise-induced and presbycusis group in the right ear.
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Figure 2. Line art indicating mean PTA for noise-induced and presbycusis group in the left ear.

in the score. A total of 54.29% of participants in this group had more
than a 20% improvement in their TFl scores.

The results of TFl subscale scores for the 2 groups—NIHL and presby-
cusis—are presented in Table 4. Accordingly, paired-samples t-tests
were employed for the statistical inferences. For each variable, the
mean and standard deviation are provided for both the pre- and
post-intervention phases. In the NIHL group, the mean of most com-
ponents decreased after the intervention, indicating that the inter-
vention had a positive impact on improving the performance of
these variables. A similar trend is observed in the age-related hearing
loss group, where the mean of most variables also decreased after
the intervention. These results suggest that the intervention had a
positive effect on improving the performance of these variables in
this group as well. As indicated, there is no significant difference in
the mean scores of variables between the NIHL group and the age-
related hearing loss group. This lack of significant difference was con-
sistent both before and after hearing aid prescription. Furthermore,

Table 1. Comparison of Overall TFI Scores in Presbycusis and Noise-
Induced Hearing Loss Group Before and After Fitting Hearing Aids

Noise-Induced

Presbycusis Hearing Loss

Variable Intervention  Mean SD Mean SD

TFl score Before 48.16 17.78 53.77 17.02
After 30.05 17.28 30.56 17.39

Frequency of individuals 54.29 79.41

with 20% or more in
improvement

TFI, Tinnitus Functional Index.

concurrent with the TFl score improvement, there was also an
enhancement in sleep quality scores.

Analysis of the ISI-total variable, used to assess sleep quality among
participants with NIHL and age-related hearing loss before and after
intervention, is presented in Table 5. In the NIHL group, the pre-inter-
vention mean score for this variable was 11.82, which decreased to
5.60 after the intervention. Similarly, in the presbycusis group, the
pre-intervention mean score was 9.28, which decreased to 5.20 after
the intervention. This data indicates that the intervention led to a
reduction in ISI-total scores in both groups.

In both groups, this positive correlation suggests that improvements
in tinnitus distress are associated with improvements in sleep qual-
ity (Table 6). These findings indicate that hearing aid prescriptions
can have a positive impact on both tinnitus distress and sleep qual-
ity despite the different pathophysiology of tinnitus in NIHL or age-
related hearing loss (presbycusis).

Discussion

Comparison of Tinnitus Functional Index Scores Before and After
Hearing Aid Use in the Noise-Induced Hearing Loss and
Presbycusis Group

The average overall TFl score before and after the intervention was
53.77% and 30.50%, respectively, indicating a reduction in tinnitus
distress from severe to mild. On average, the tinnitus distress in this
group showed a notable improvement. The score differences in all
subgroups were statistically significant, with the greatest improve-
ment observed in the “relaxation” subgroup.

This reduction in tinnitus distress following hearing aid prescrip-
tion appears to align with neural compensation pathways theories.

Table 2. Comparison of Mean Tinnitus Distress Scores Before and After Hearing Aid Fitting (Noise-Induced Hearing Loss Group)

Variable Mean Difference (Pre-Post)  Standard Deviation

Lower 95% Cl  Upper 95% CI Paired t-value df P

Tinnitus distress 23.21 17.04

17.35 29.06 8.05 34 <.001

df, degrees of freedom.
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Table 3. Comparison of Mean Tinnitus Distress Scores Before and After Hearing Aid Fitting (Age-Related Hearing Loss Group)

Variable Mean Difference (Pre-Post)

Standard Deviation

Lower 95% Cl  Upper 95% Cl Paired t-value df P

Tinnitus distress 18.10 12.14

11.24 24.45 5.79 34 <.001

High-frequency hearing loss, which may lead to tinnitus through
neuroplastic changes, can be compensated for by auditory stimula-
tion. Therefore, hearing aids, by stimulating neural plasticity in the
brain, partially restore the function of auditory pathways and man-
age the potential cause of tinnitus.

These results are consistent with findings from studies by Norefia and
Eggermont,’ Noguchi et al,” and Gabriel et al,"” all of which reported
improvements in quality of life and reductions in tinnitus distress fol-
lowing continuous hearing aid use. Although 1 study did not define
the effects of hearing aids on tinnitus as positive, it is likely that the
use of analog hearing aids at the time (1987) influenced the study’s
outcomes.®

Similar to the first group, the presbycusis group also demonstrated
significant clinical improvement, with scores decreasing from mod-
erate to mild tinnitus distress (48.16%-30.05%), and participants
reported less distress after the intervention. Statistically significant
improvements were observed in the subscales of cognition, sleep,
auditory performance, and emotions, although overall improvement
was seen across all subscales.

Table 4. Comparison of Subscales of TFI Questionnaire in Both Groups
Before and After Fitting of Hearing Aids

Noise-Induced

Presbycusis Hearing Loss

Subscale Intervention Mean SD Mean sD
Intrusive  Before 61.81 18.84 65.52 17.60
After 47.90 20.82 4419 21.76
Sense of  Before 57.05 18.34 66.10 18.36
control After 35.52 23.37 40.67 22.68
Cognitive  Before 45.14 23.00 53.62 21.70
After 26.95 24.10 29.14 20.88
Sleep Before 50.00 31.24 45.62 35.29
After 30.00 26.20 28.95 31.12
Auditory Before 41.05 32.52 48.95 25.36
After 27.71 25.38 23.33 22.08
Relaxation Before 58.86 23.85 65.71 26.04
After 35.71 24.79 35.81 25.60
Quality of  Before 41.71 29.66 54.57 28.37
life After 19.81 24.33 27.90 23.87
Emotional Before 45.71 26.97 48.00 22.77
After 26.86 20.47 24.67 20.18

Table 5. Comparison of Overall ISI Scores in Presbycusis and Noise-
Induced Hearing Loss Group Before and After Fitting Hearing Aids

Noise-Induced

Presbycusis Hearing Loss

Variable Intervention Mean SD Mean SD
ISI score  Before 9.28 6.85 11.82 9.73
After 5.20 5.29 5.60 6.97

ISI, Insomnia Severity Index.
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The effects of neural compensation due to hearing aid use in this
group, similar to those with NIHL, may have contributed to the reduc-
tion in tinnitus distress. Another reason for the positive effect of hear-
ing aids on tinnitus distress could be the masking effect. Hearing
aids, by amplifying background sounds, can reduce the perceived
loudness of tinnitus. Thus, hearing aids may act as a form of sound
therapy, gradually habituating the brain to tinnitus and reducing
its interference and distress. This hypothesis could also apply to the
NIHL group.

The findings of this study align with studies by Sweetow and Sabes
(2010),** Stacey (1980),* and Melin et al (1987),* all of which confirm
the positive impact of hearing aids on tinnitus distress.

Comparison of Tinnitus Functional Index Scores in the Noise-
Induced Hearing Loss and Presbycusis Groups

The scores in both groups showed significant improvement after the
intervention. Before the intervention, the NIHL group experienced
severe tinnitus distress, while the presbycusis group experienced
moderate distress. However, post-intervention scores were nearly
identical in both groups.

Despite the differing pathophysiology, hearing aids had a posi-
tive effect on tinnitus annoyance. Since the site of damage in both
groups involves hair cells, hearing aids, by compensating for sensory
deprivation, positively influence tinnitus perception, quality of life,
and overall tinnitus distress. However, the average scores in the NIHL
group were worse than in the presbycusis group, possibly because
the gradual onset of hearing loss and tinnitus in the presbycusis
group helps individuals adapt to their symptoms and report less
distress.

Pre-intervention TFI results are consistent with Kang et al’s study
(2021),*¢ which analyzed tinnitus in individuals with NIHL and presby-
cusis. In individuals with presbycusis, the damage to outer hair cells
and the perceived loudness of tinnitus were reported to be lower
than in the other group, supporting the findings of this study.

Comparison of Insomnia Severity Index Scores Before and After
Hearing Aid Use in the Noise-Induced Hearing Loss and
Presbycusis Group

The ISI scores in this group decreased from 11.82 (indicative of
sleep disturbance) to 5.60. Although the reduction did not meet the
threshold for confirming significant clinical improvement (7 points),
it still indicates an improvement in sleep quality for the participants.

Hearing loss, regardless of age, can affect cognitive function, which
in turn can directly impact sleep quality and vice versa. Additionally,
sleep quality and duration are often reduced in individuals with tin-
nitus. Therefore, it seems that the neural changes and improved
cognitive function following hearing aid use directly impacted
sleep quality, leading to its improvement. Although individuals do
not wear hearing aids while sleeping, long-term changes in audi-
tory pathways and cognitive performance could contribute to this
improvement.

In presbycusis group, the ISI score decreased from 9.28 to 5.20.
Although the pre-intervention ISl score did not indicate clinical sleep
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Table 6. Correlation Between Improved ISl and Improved TFI Scores After Hearing Aid Fitting by Hearing Loss Group

Group Correlation Coefficient Lower Confidence Limit Upper Confidence Limit R-squared P
Noise induced 0.57 0.39 0.71 0.33 .0001
Age related 0.58 0.31 0.76 0.34 .0002

ISI, Insomnia Severity Index; TFI, Tinnitus Functional Index.

disturbance, an improvement in mean scores was still observed in
this group.

Since the participants in this group were aged 50-65, their cognitive
functions may not have been as affected by age. However, different
stress levels and coping mechanisms in this age group may have con-
tributed to better adaptation to tinnitus and its impact on sleep.?’
The difference between the 2 groups in terms of sleep quality was
not significant.

Comparison of Insomnia Severity Index Scores in the Noise-
Induced Hearing Loss and Presbycusis Groups

Similar to the TFI questionnaire, improvement in sleep quality was
observed in both groups in the ISI questionnaire. Pre-intervention ISI
scores were worse in the NIHL group than in the presbycusis group.

As with the TFI scores, the adaptation process in individuals with
presbycusis seems to contribute to better sleep quality. Additionally,
as previously mentioned, differing stress and anxiety levels across
age groups may explain this variation.

Correlation Between Tinnitus Functional Index and Insomnia
Severity Index Scores

The results showed a significant correlation between TFI and ISI
scores, indicating that improvements in TFl scores were associated
with improvements in ISI scores.

Improvement in negative symptoms caused by tinnitus can also
lead to better sleep quality. This finding may be attributed to
an enhancement in emotional well-being and reduced anxiety,
which, as previously mentioned, could result in improved sleep.
On the other hand, better sleep in tinnitus sufferers might lead
to a reduced negative reaction to tinnitus and decreased discom-
fort. These improvements could mutually influence each other
through neurological effects in the limbic system, frontal lobe,
and temporal lobe, leading to further positive outcomes. This
finding is consistent with other studies that have examined the
relationship between tinnitus and sleep, including a study by
Koning et al (2019),%® which directly investigated the link between
tinnitus and sleep disorders, concluding that distressing tinnitus
leads to sleep disturbances. However, the precise mechanism of
how tinnitus affects sleep quality remains unclear, although many
patients perceive tinnitus as a cause of poor sleep. Sleep prob-
lems, in turn, can increase anxiety and cognitive changes, which
may worsen tinnitus discomfort.>®

Comparison Between the Sleep Subscale of Tinnitus Functional
Index and Insomnia Severity Index Scores

Some inconsistencies emerged when comparing the results between
the sleep-related items of the TFl and the total scores of the ISI. While
both instruments indicated an overall improvement in sleep-related
outcomes following the intervention, a discrepancy was observed
in the group-specific patterns. Specifically, the TFI sleep subscale
yielded higher scores—indicating greater sleep disturbance—in the

presbycusis group, whereas the ISI scores were higher in individu-
als with NIHL. This pattern was consistent both before and after the
intervention. These findings suggest potential variability in how each
instrument captures the subjective experience of sleep disturbances
among individuals with tinnitus. Therefore, further research is war-
ranted to examine the reliability, sensitivity, and construct validity of
the TFl and ISl in assessing sleep-related complaints in this popula-
tion. Such investigations could help clarify whether these inconsis-
tencies reflect actual differences in sleep disruption or are artifacts
of how the 2 questionnaires operationalize and measure sleep
disturbance.

Age Group Differences

The differences observed between age groups may also partly
explain variations in baseline TFl and ISI scores. Younger individuals
with NIHL appeared to experience higher pre-intervention tinnitus
distress and poorer sleep quality compared to the older presbycu-
sis group. This could reflect less adaptation and coping in younger
patients versus gradual habituation in older adults. These age-related
variations may have contributed to the group differences observed
in this study.

Limitations

This study has several limitations that should be acknowledged.
First, the absence of a control group (placebo or no-treatment) limits
causal inference, as spontaneous improvement or habituation can-
not be excluded. Second, no blinding or randomization procedures
were implemented, which raises the potential for observer bias in
outcome assessment. Third, tinnitus mapping was not performed,
which may have influenced individual responses. Fourth, individual-
ized device settings beyond basic fitting protocols were not system-
atically reported, limiting reproducibility. Finally, the relatively short
follow-up period of 6 months may not fully capture the long-term
sustainability of improvements in tinnitus distress and sleep quality.
Larger, randomized controlled trials with extended follow-up and
comprehensive tinnitus characterization are required to strengthen
the evidence base. These methodological limitations should be
considered when interpreting the results, and future studies should
incorporate control groups, blinding, longer follow-up, and detailed
tinnitus profiling to provide a more robust understanding of hearing
aid effectiveness.

Hearing aids can be considered one of the most effective methods
for reducing tinnitus distress and improving the quality of life for a
wide range of patients with hearing loss who visit audiology cen-
ters. By compensating for sensory deprivation and relying on neu-
ral plasticity, hearing aids can influence the perception of tinnitus
and reduce its negative impact on the individual. The current study
approves that regardless of the underlying pathology causing high-
frequency hearing loss in 2 groups of NIHL and presbycusis, hearing
aids improve the distressing symptoms of tinnitus, and these long-
term neural changes can also affect sleep quality, positively influenc-
ing the sleep experience of these individuals.
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However, the role of adaptation in different groups should not be
overlooked. For instance, individuals with presbycusis, who experi-
ence more gradual symptoms, report less tinnitus distress compared
to those with NIHL. The absence of a control group, lack of blinding,
limited tinnitus profiling, and relatively short follow-up mean that
the improvements observed cannot be attributed solely to hearing
aid use. Future randomized controlled trials with extended follow-up
and detailed tinnitus characterization are necessary to confirm and
strengthen these results.

Data Availability Statement: The data that support the findings of this study are
available on request from the corresponding author.

Artificial Intelligence (Al) Use Declaration: The authors declared that no artifi-
cial intelligence (Al) tools were used in the generation, writing, or editing of this
manuscript, and all content was produced solely by the authors.

Ethics Committee Approval: This study was approved by the ethics committee of
University of Social Welfare and Rehabilitation Sciences(Approval No: IR.USWR.
REC.1403.051, Date:.May 29, 2024).

Informed Consent: Written informed consent was obtained from all participants
prior to their inclusion in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — M.J.; Design - M.S.N., M.J.; Supervision - M.J.,
Y.L.; Resources — M.S.N.; Materials - M.S.N.; Data Collection and/or Processing —
M.S.N.; Analysis and/or Interpretation — M.V.,; Literature Search — M.S.N.; Writing
Manuscript - M.S.N.; Critical Review - M.J., Y.L.

Declaration of Interests: The authors have no conflict of interest to declare.

Funding: The authors declared that this study has received no financial
support.

References

1. Nicolas-Puel C, Faulconbridge RL, Guitton M, Puel J-L, Mondain M,
Uziel A. Characteristics of tinnitus and etiology of associated hearing
loss: a study of 123 patients. Int Tinnitus J. 2002;8(1):37-44.

2. Hoare DJ, Searchfield GD, El Refaie A, Henry JA. Sound therapy for tin-
nitus management: practicable options. JAm Acad Audiol. 2014;25(1):62-
75. [CrossRef]

3. Wilson PH, Henry JL, Andersson G, Hallam RS, Lindberg P. A critical analy-
sis of directive counselling as a component of tinnitus retraining therapy.
Br J Audiol. 1998;32(5):273-286. [CrossRef]

4. Coles RR, Hallam RS. Tinnitus and its management. Br Med Bull.
1987,43(4):983-998. [CrossRef]

5. Shekhawat GS, Searchfield GD, Stinear CM. Role of hearing aids in tin-
nitus intervention: a scoping review. J Am Acad Audiol. 2013;24(8):747-
762. [CrossRef]

6. Searchfield GD. Hearing aids for tinnitus. In: Tinnitus: Clinical and Research
Perspectives. San Diego, CA: Plural Publishing; 2015:197-212.

7. Acar A, et al. Effects of Hearing Aids on Tinnitus INGERIATRIC Patients with
Age-Relatedhearing Loss. 2014.

8. McNeill C, Tavora-Vieira D, Alnafjan F, Searchfield GD, Welch D. Tinnitus
pitch, masking, and the effectiveness of hearing aids for tinnitus therapy.
Int J Audiol. 2012;51(12):914-919. [CrossRef]

9. Noguchi M, Suzuki N, Oishi N, Ogawa K. Effectiveness of hearing aid
treatment in patients with chronic tinnitus: subscale evaluations using
the Tinnitus Functional Index and factor analysis. J Int Adv Otol.
2021;17(1):42-45. [CrossRef]

10. Wakabayashi S, Saito H, Oishi N, Shinden S, Ogawa K. Effects of tinnitus
treatments on sleep disorders in patients with tinnitus. Int J Audiol.
2018;57(2):110-114. [CrossRef]

80 BALKAN ORL - HNS

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Nasab et al. Hearing Aids, Tinnitus Annoyance, and Sleep Quality

Theodoroff SM, McMillan GP, Zaugg TL, Cheslock M, Roberts C, Henry JA.
Randomized controlled trial of a novel device for tinnitus sound therapy
during sleep. Am J Audiol. 2017;26(4):543-554. [CrossRef]

Frachet B. Clinique et partique. Acouphenes Aspects Fontamentaux et
Cliniquee. Amplifon, Milan, 2004:103-114.

Sheldrake J, Jastreboff M. Role of hearing aids in management of tinnitus.
Tinnitus: Theory and Management. 2004:310-313.

Kaltenbach JA. Summary of evidence pointing to a role of the dorsal
cochlear nucleus in the etiology of tinnitus. Acta Otolaryngol Suppl.
2006;126(556):20-26. [CrossRef]

Norefa AJ, Eggermont JJ. Enriched acoustic environment after noise
trauma abolishes neural signs of tinnitus. NeuroReport. 2006;17(6):559-
563. [CrossRef]

Del Bo L, Ambrosetti U. Hearing aids for the treatment of tinnitus. Prog
Brain Res. 2007;166:341-345. [CrossRef]

Gabriel D, Veuillet E, Vesson JF, Collet L. Rehabilitation plasticity: influ-
ence of hearing aid fitting on frequency discrimination performance
near the hearing-loss cut-off. Hear Res. 2006;213(1-2):49-57.
[CrossRef]

Paul WF. Cummings otolaryngology. Head Neck Surg. Los Angeles:
Mosby; 2010;2674.

Sliwinska-Kowalska M, Davis A. Noise-induced hearing loss. Noise Health.
2012;14(61):274-280. [CrossRef]

Hong O, Kerr MJ, Poling GL, Dhar S. Understanding and preventing
noise-induced hearing loss. Disease-A-Month. 2013;59(4):110-118.
[CrossRef]

Pourhoseingholi MA, Vahedi M, Rahimzadeh M. Sample size calculation
in medical studies. Gastroenterol Hepatol Bed Bench. 2013;6(1):14-17.
Waechter S, Olovsson M, Pettersson P. Should tinnitus patients with sub-
clinical hearing impairment be offered hearing Aids? A comparison of
tinnitus mitigation following 3 months hearing aid use in individuals
with and without clinical hearing impairment. J Clin Med. 2023;
12(24):7660. [CrossRef]

Johnson DL. Derivation of Presbycusis and Noise Induced Permanent
Threshold Shift(NIPTS) to Be Used for the Basis of a Standard on the Effects
of Noise on Hearing. 1978.

Lohler J, Cebulla M, Shehata-Dieler W, Volkenstein S, Vélter C, Walther LE.
Hearing impairment in old age. Dtsch Arztebl Int. 2019;116(17):301-310.
[CrossRef]

Cornelis MC, Wang Y, Holland T, Agarwal P, Weintraub S, Morris MC. Age
and cognitive decline in the UK Biobank. PLoS One. 2019;14(3):e0213948.
[CrossRef]

Singh-Manoux A, Kivimaki M, Glymour MM, et al. Timing of onset of cog-
nitive decline: results from Whitehall Il prospective cohort study. BMJ.
2012;344:d7622. [CrossRef]

British society of, A. Practice Guidance: Tinnitus in Adults. 2021. The
BSA.

Keidser G, Dillon H, Flax M, Ching T, Brewer S. The NAL-NL2 prescription
procedure. Audiol Res. 2011;1(1):e24. [CrossRef]

Meikle MB, Henry JA, Griest SE, et al. The tinnitus functional index: devel-
opment of a new clinical measure for chronic, intrusive tinnitus. Ear Hear.
2012;33(2):153-176. [CrossRef]

Gos E, Rajchel JJ, Dziendziel B, et al. How to interpret tinnitus functional
index scores: a proposal for a grading system based on a large sample
of tinnitus patients. Ear Hear. 2021;42(3):654-661. [CrossRef]

Morin CM, Belleville G, Bélanger L, Ivers H. The Insomnia Severity Index:
psychometric indicators to detect insomnia cases and evaluate treat-
ment response. Sleep. 2011;34(5):601-608. [CrossRef]

Wong ML, Lau KNT, Espie CA, Luik Al, Kyle SD, Lau EYY. Psychometric
properties of the Sleep Condition Indicator and Insomnia Severity Index
in the evaluation of insomnia disorder. Sleep Med. 2017;33:76-81.
[CrossRef]

Melin L, Scott B, Lindberg P, Lyttkens L. Hearing aids and tinnitus-an
experimental group study. Br J Audiol. 1987;21(2):91-97. [CrossRef]


https://dx.doi.org/10.3766/jaaa.25.1.5
https://dx.doi.org/10.3109/03005364000000078
https://dx.doi.org/10.1093/oxfordjournals.bmb.a072230
https://dx.doi.org/10.3766/jaaa.24.8.11
https://dx.doi.org/10.3109/14992027.2012.721934
https://dx.doi.org/10.5152/iao.2020.9161
https://dx.doi.org/10.1080/14992027.2017.1374565
https://dx.doi.org/10.1044/2017_AJA-17-0022
https://dx.doi.org/10.1080/03655230600895309
https://dx.doi.org/10.1097/00001756-200604240-00001
https://dx.doi.org/10.1016/S0079-6123(07)66032-4
https://dx.doi.org/10.1016/j.heares.2005.12.007
https://dx.doi.org/10.4103/1463-1741.104893
https://dx.doi.org/10.1016/j.disamonth.2013.01.002
https://dx.doi.org/10.3390/jcm12247660
https://dx.doi.org/10.3238/arztebl.2019.0301
https://dx.doi.org/10.1371/journal.pone.0213948
https://dx.doi.org/10.1136/bmj.d7622
https://dx.doi.org/10.4081/audiores.2011.e24
https://dx.doi.org/10.1097/AUD.0b013e31822f67c0
https://dx.doi.org/10.1097/AUD.0000000000000967
https://dx.doi.org/10.1093/sleep/34.5.601
https://dx.doi.org/10.1016/j.sleep.2016.05.019
https://dx.doi.org/10.3109/03005368709077782

Nasab et al. Hearing Aids, Tinnitus Annoyance, and Sleep Quality

34.

35.

36.

Sweetow RW, Sabes JH. Effects of acoustical stimuli delivered through
hearing aids on tinnitus. J Am Acad Audiol. 2010;21(7):461-473.
[CrossRef]

Stacey JS. Apparent total control of severe bilateral tinnitus by masking,
using hearing aids. Br J Audiol. 1980;14(2):59-60. [CrossRef]

Kang HJ, Kang DW, Kim SS, Oh TI, Kim SH, Yeo SG. Analysis of chronic
tinnitus in noise-induced hearing loss and presbycusis. J Clin Med.
2021;10(8):1779. [CrossRef]

37.

38.

39.

BALKAN ORL-HNS 2025;2(3):74-81

Aldwin CM. Does age affect the stress and coping process? Implications
of age differences in perceived control. J Gerontol. 1991;46(4):P174-P180.
[CrossRef]

Koning HM. Sleep disturbances associated with tinnitus: reduce the
maximal intensity of tinnitus. Int Tinnitus J. 2019;23(1):64-68. [CrossRef]
Fioretti AB, Fusetti M, Eibenstein A. Association between sleep disorders,
hyperacusis and tinnitus: evaluation with tinnitus questionnaires. Noise
Health. 2013;15(63):91-95. [CrossRef]

BALKAN ORL

HNS 81


https://dx.doi.org/10.3766/jaaa.21.7.5
https://dx.doi.org/10.3109/03005368009078901
https://dx.doi.org/10.3390/jcm10081779
https://dx.doi.org/10.1093/geronj/46.4.P174
https://dx.doi.org/10.5935/0946-5448.20190012
https://dx.doi.org/10.4103/1463-1741.110287

