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Abstract

Objective. Chronic subjective tinnitus is a worldwide

intractable problem. In our previous studies, customized

music therapy combined with a follow-up system can

reduce tinnitus perception and improve anxiety/depres-

sion. This study aims to explore which characteristics of

tinnitus patients are more likely to benefit from our

therapy.

Study Design. This study included 1031 patients with

chronic subjective tinnitus, all of whom completed

customized music therapy with the follow-up system.

Population demographics, tinnitus characteristics, and

tinnitus-related scales at pretherapy and posttherapy

were collected.

Setting. Huadong Hospital affiliated Fudan University,

Department of Otorhinolaryngology–Head & Neck Surgery

from 2018 to 2022.

Methods. A paired t test and the one-way analysis of variance

were utilized to the overall efficacy and stratified difference

based on tinnitus duration/age/tinnitus frequency.

Results. There were significant statistical differences in the

Tinnitus Handicap Inventory (THI), Tinnitus Loudness Visual

Analog Scale (VAS), and Hospital Anxiety and Depression

Scale (HADS)-A/D scores between pretherapy and 3 months

posttherapy. THI and HADS (A/D) scores decreased the

most in the 1-year duration tinnitus group. The most

significant decrease in THI and VAS scores was observed in

the 31- to 50-year-old tinnitus group. Patients with high-

frequency tinnitus and extended high-frequency tinnitus had

greater decreases generally than those with low-frequency

tinnitus though no significance.

Conclusion. Group with severe and prolonged tinnitus, shorter

duration of tinnitus onset, and 31 to 50 years old benefit more

from our therapy. Therefore, standardized personalized music

and consulting and follow-up systems while promoting early

treatment can reduce tinnitus and its comorbidities.

Keywords

chronic tinnitus, consulting, customized music, follow-up,

stratified analysis, treatment

Received March 20, 2024; accepted April 14, 2024.

Tinnitus is one of the most common intractable
disorders of hearing, which can be defined as the
conscious perception of sound in the absence of an

external acoustic source.1 According to the European
Tinnitus Guideline,2 tinnitus of >6 months is considered
chronic, whereas in China this duration is set at 1 year.3

Chronic subjective tinnitus sometimes turn into bothersome
tinnitus, which affects life and is hard to treat clinically.4

The mechanism of chronic subjective tinnitus is unclear,
and there is a lack of a primary etiology. At present, it is
considered as the result of central remodeling after damage to
the peripheral auditory system, that is, compensatory
responses after deafferentation in areas such as the brainstem
and subcortex.5 During the transition to bothersome tinnitus,
abnormal discharges in the auditory neural center cause
disturbances in the limbic emotional system, the autonomic
nervous system, and the sleep‐wake system,6,7 making it
difficult for conventional treatments (drugs, etc) to be
effective. Some forms of sound therapy can suppress or
eliminate tinnitus for a long time.8 Music therapy combined
with counseling is an important part of tinnitus treatment.
Compared with the only counseling control and the
counseling and placebo sound therapy control, counseling
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and conventional sound therapy increase treatment effi-
ciency.9 There is no evidence that music therapy is relevant
for single tinnitus quality, such as tonal‐like tinnitus. By
adjusting tinnitus pitch in fluctuating tinnitus, music therapy
is applicable to multiple tinnitus qualities in clinical practice.

We have previously demonstrated considerable efficacy
using customized music therapy combined with a complete
follow‐up system and found that baseline Tinnitus Handicap
Inventory (THI), Visual Analog Scale (VAS), and Hospital
Anxiety and Depression Scale (HADS)‐A/D scores were
significant influences on tinnitus efficacy.10 However, the
reported efficacy in 14 tinnitus participants who completed
the 6‐month sound therapy via smartphone application was
not significant.11 In our clinical work, we have found that
tinnitus patients with different characteristics, such as age,
gender, and duration of tinnitus, have different treatment
outcomes. It is, therefore, important to explore which
characteristics of tinnitus patients are more likely to benefit
from customized music therapy combined with the con-
sulting and follow‐up system and to find the explanation.

Materials and Methods

Patients
This study included patients with tinnitus as the main
complaint who presented to the otolaryngology department
from January 2018 to October 2022. The Ethics Committee
of Huadong Hospital Affiliated to Fudan University
approved this study. All patients had signed consents before
therapy. Inclusion criteria included (1) subjective tinnitus, (2)
age ≥14 years, (3) duration of tinnitus ≥1 year, (4) tinnitus
frequency range of 125 to 16kHz, (5) absence of organic ear
pathology, (6) noise‐like tinnitus, tonal‐like tinnitus, cricket‐
like tinnitus, unknown tinnitus, and (7) ability to complete
the music therapy and follow up registrations on time
independently or with assistance. Exclusion criteria: (1)
objective tinnitus, (2) presence of systemic diseases that can
cause tinnitus (eg, diabetes mellitus, hypertension, hyperthyr-
oidism, or hypothyroidism), (3) organic lesions of the ear (eg,
otitis media, otosclerosis, cerumen impaction), (4) undergoing
other treatments for tinnitus, (5) failure to register complete
information about the characteristics of the tinnitus or
inaccurate registration (except for the frequency), (6) poor
cooperation with the examination or inability to commu-
nicate the obstacles in a normal way, (7) psychiatric disorders
that are currently undergoing treatment, and (8) pregnancy.

Tinnitus Valuation
The initial diagnosis of tinnitus is made by an otologist in
an outpatient otolaryngology clinic, based on a history,
physical examination, and audiological examination, and
includes patients with a diagnosis of “chronic subjective
tinnitus.” Demographic characteristics (eg, age, gender) and
tinnitus characteristics (eg, loudness, frequency) were re-
corded. The frequency of tinnitus was measured by frequency
matching on the Bozi Tinnitus Sound Therapy platform. The

THI, Tinnitus Loudness VAS, and HADS were used to
indicate the severity of tinnitus and concomitant anxiety and
depressive states.12 The THI is the patient's subjective
evaluation of tinnitus perception and indicates the impact
of tinnitus on quality of life. A total of 25 entries were scored
on 3 levels of functionality, severity, and emotionality to
categorize the tinnitus group into 5 grades, with grades 1 to
5 being slight (THI of 0‐16), mild (THI of 18‐36), moderate
(THI of 38‐56), severe (THI of 58‐76), and catastrophic (THI
of 78‐100), respectively.13 Higher scores or ratings represent a
subjective belief that tinnitus is more disruptive to the
patient's life. The VAS is the patient's subjective assessment of
tinnitus loudness and ranges from 0 to 10, with tinnitus
loudness being positively correlated with the score.14 The
HADS consists of 2 subscales, the HADS‐A (Anxiety score)
and the HADS‐D (Depression score), with 7 scoring items
each and an overall score range of 0 to 21. Higher scores
indicate more severe anxiety or depression, with scores of 8 to
10 suggesting possible anxiety or depression, and scores of
11 to 21 corresponding to significant anxiety or depression.15

The change in THI before and after treatment was used as
the main evaluation criterion for efficacy. The differences
in the effects of therapy among the affected groups in each
stratum were explored through the stratification of tinnitus
duration, age, and frequency.

Cognitive Behavioral Counseling Before Music Therapy
To improve patient compliance, each patient was provided
with approximately 60minutes of counseling prior to
customizing music therapy. The main content is to
introduce the core mechanism of tinnitus, with the concept
of reversible central remodeling of the auditory system.
Then we introduce how tinnitus affects the limbic emotional
system, autonomic nervous system, and consciousness
system. All the above mechanisms are explained in layman's
terms to make it easier for patients to understand.

Music Production and Therapy
The process is based on the Tinnitus Assistant App, which
utilizes software containing a simulated tinnitus‐related
brain (provided by Sound Ocean Company and approved
by the US Food and Drug Administration), inverted
phase editing program to customize music that is in the
opposite phase of the tinnitus sound, with the same
frequency and loudness, based on the principle of wave
superposition. Music therapy should be performed in a
relatively quiet environment. Recommended headphones
should be used to avoid acoustic damage during therapy.
Set the music volume to the same level as the tinnitus
loudness. Try to focus on the music and not on the
tinnitus during the therapy session. Three music therapy
sessions per day, each greater than 30minutes in
duration, for a total of greater than 2 h/day, are
recommended. For patients with fluctuating tinnitus, the
music can be customized and adjusted several times.
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Follow-Up and Statistical Methods
Patients included in the single‐arm study underwent
3 months of music therapy and complete follow‐up,
with the App reminding them to complete the music on
time and recording the duration of the therapy. When
the App's automatic reminders were ineffective,
dedicated customer service would urge them to do so
again. In the process of completing the music therapy,
patients could ask and communicate with the customer
service at any time, and the customer service would
also monitor the patient's use and provide timely
feedback. At 0, 1, 2, and 3 months after treatment,
patients were required to complete the THI, VAS, and
HADS‐A/D questionnaires. A paired t test was utilized
to evaluate the efficacy of treatment in all patients in
terms of tinnitus severity and concomitant symptoms,
while the 1‐way analysis of variance and least
significant difference comparisons were used to show
the stratified analysis of music therapy efficacy based
on tinnitus duration/age/tinnitus frequency.

Results

Patients Characteristics
A total of 1031 patients were included in our study, all
of whom were outpatients diagnosed as chronic
subjective tinnitus. The pretherapy characteristics
were displayed in Table 1. The average age was
42.88 ± 12.43 years old. We used 10 years as an age
group to cluster all patients. There were 510 females
and 521 males. The mean duration of tinnitus was
3.93 ± 7.58 years. According to tinnitus frequency, all
the patients were divided into low‐frequency (LF,
≤2 kHz), high‐frequency (HF, 2 k–8 kHz), extended
high‐frequency tinnitus (EHF, >8 kHz), and unavail-
able frequency tinnitus group, respectively, accounting
for 17.4%, 23.1%, 37.5%, and 22.0% of all the patients
enrolled. For unavailable frequency tinnitus, we
choose normal daily life sounds or electronic sounds
other than pure tones to match, such as ringing,
buzzing, and insect sounds. Base on the tinnitus
severity scale (THI), the patients were divided into 5
groups: slight, mild, moderate, severe, and cata-
strophic, respectively, accounted for 5.3%, 18.7%,
29.9%, 23.1%, and 23.0% of all the patients enrolled.
Confirmed or suspected anxiety/depression was present
in 76.0% of all tinnitus patients. There were more
tinnitus patients with anxiety alone than those with
depression alone (70.0% for anxiety, and 41.8% for
depression).

Stratified Analysis of Music Therapy Efficacy Based on
Baseline THI Scale
Our primary basis for evaluating the efficacy of music
therapy was mainly the change in tinnitus severity after

treatment. As shown in Figure 1, the values of THI
(t= 21.3, P< .01), VAS (t= 18.5, P< .01), HADS‐A
(t= 17.5, P< .01), and HADS‐D (t= 9.8, P< .01)
score were significantly decreased after 3 months
posttherapy. Table 2 showed that the THI scores of the
slight, mild, moderate, severe, and catastrophic group
decreased by −3, 3, 11, 19, and 28 points, respectively,
after 3 months of music therapy. According to the THI
grading stratification before and after therapy, patients in
the catastrophic group had the greatest decline in THI
scores.

Stratified Analysis of Music Therapy Efficacy Based on
Tinnitus Duration/Age/Tinnitus Frequency
There was a stratified analysis of changes in THI, VAS,
and HADSA/D scores after 3 months of music therapy
based on tinnitus duration (see Figure 2). After therapy,
THI scores decreased by about 15 points in 1 and 1 to
3 years duration tinnitus groups, which was higher than
that of over 3 years duration tinnitus group (a decrease of
11 points). However, only significance was shown
between 1 year and over 3 years duration tinnitus group
(P= .01). In terms of VAS, the decrease in scores was

Table 1. Description of Baseline Characteristics of Patients With

Chronic Subjective Tinnitus

Pretherapy characteristics n = 1022

Age, y 42.88 ± 12.43

<31 182 (17.7%)

31-40 271 (26.3%)

41-50 287 (27.8%)

51-60 217 (21.1%)

>60 74 (7.1%)

Gender (%)

Female 510 (49.5)

Male 521 (50.5)

Tinnitus duration, y 3.93 ± 7.58

1 614 (59.6%)

1-3 192 (18.6%)

>3 years duration tinnitus frequency, % 225 (21.8%)

LF (20-2000 Hz) 179 (17.4%)

HF (2001-8000Hz) 238 (23.1%)

EHF (8001-16,000 Hz) 387 (37.5%)

Unavailable 227 (22.0%)

Tinnitus severity levels

Slight (0-16) 55 (5.3%)

Mild (18-36) 193 (18.7%)

Moderate (38-56) 308 (29.9%)

Severe (58-76) 238 (23.1%)

Catastrophic (78-100) 237 (23.0%)

HADS-A ≥ 8 722 (70.0%)

HADS-D ≥ 8 431 (41.8%)

HADS-A(D) ≥ 8, confirmed or suspicious anxiety (depression).

Abbreviations: A, anxiety; D, depression; EHF, extended high frequency; HADS,

Hospital Anxiety and Depression Scale; HF, high frequency; LF, low frequency.
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observed in 1 to 3 years (1.3 points) and 1‐year (1.2
points) duration tinnitus group, followed by over 3 years
duration tinnitus group (0.9 points decrease). There were
significant changes observed between 1 year (P= .031),

1 to 3 years (P= .017), and over 3 years duration tinnitus
group, but no significance between 1 and 1 to 3 years
duration tinnitus group. After treatment, HADS‐A scores
decreased by 2.2 points in 1‐year duration tinnitus group,
which was higher than that of 1 to 3 years and over
3 years duration tinnitus group (a decrease of 1.5 points).
Only significance was shown between 1‐year and over
3 years duration tinnitus group (P= .005). Meanwhile,
HADS‐D scores decreased by 1.25, 1, and 0.75 points in
1, 1 to 3, and over 3 years duration tinnitus group,
respectively. There were no significant changes in HADS‐
D between the 3 groups.

Stratified by age, the changes in THI, VAS, and HADS‐A/
D scores after 3 months of music therapy were shown.
Thirty‐one to 40 age tinnitus group showed the greatest
decrease in THI scores (17 points), followed by 41 to 50 age
tinnitus group (15 points), and <31 age tinnitus group

Figure 1. Significant statistical differences in Tinnitus Handicap Inventory (THI)/Visual Analog Scale (VAS)/Hospital Anxiety and Depression

Scale (HADS)(A/D) score between pretherapy and 3 months posttherapy. (A) Depicts the differences in THI, (B) Depicts the differences in

HADS-A, (C) Depicts the differences in HADS-D, and (D) Depicts the differences in VAS. **Statisitical significance at P＜.05.

Table 2. Stratified Analysis Based on Baseline THI Scale

Severity scale THI (pretherapy)

THI (3 months after

therapy) ΔTHI

Slight 11 14 −3

Mild 28 25 3

Moderate 47 36 11

Severe 67 48 19

Catastrophic 86 58 28

Overall 55 41 14

Abbreviation: THI, Tinnitus Handicap Inventory.
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(14 points), 51 to 60 age tinnitus group (12 points), and >60
age tinnitus group (7 points). There were significant changes
shown between 31 and 40 age (P= .006), 41 to 50 age
(P= .019), and >60 age tinnitus group, but no significance
between 1 and 1 to 3 years duration tinnitus group. In terms
of VAS, 41 to 50 age tinnitus group showed the highest post‐
therapy decrease in score (1.4 points), which was higher than
31 to 40 age tinnitus group (1.2 points), followed by <31 and
51 to 60 age tinnitus group (1.0 points). Only significance was
shown between <31 age and 41 to 50 age tinnitus group
(P= .029). Referring to HADS‐A, it decreased by 2.2, 2.0,
1.8, 1.6, and 1.0 points in 41 to 50, 31 to 40, <31, 51 to 60,
and >60 age tinnitus groups, respectively. For HADS‐D, the
degree of decline was inversely proportional to age, with
the older the age, the less the decline in score. There were
no significant changes in VAS and HADS‐D between the
3 groups.

The stratified analysis of THI, VAS, and HADS‐A/D
scores after music therapy based on tinnitus frequency
was also indicated, with HF tinnitus group experiencing
the greatest decrease in THI scores after music therapy
(15 points), compared to 13 and 12 in the EHF tinnitus
and LF tinnitus groups, respectively. VAS scores
decreased by 1.2 points in HF and EHF tinnitus group,
which was higher than that of LF tinnitus group (0.9
points). HADS‐A scores decreased the most in HF
tinnitus group (2.0 points), compared with 1.8 points in
EHF tinnitus group and 1.3 points in the LF tinnitus
group. In addition, the decrease in HADS‐D values

increased with increasing frequency. There were no
significant changes in any of the scores of the
4 questionnaires between the 3 groups.

Discussion
Tinnitus is a common but intractable problem in otorhino-
laryngology department. Especially when it is accompanied
by emotional problems such as anxiety, depression, and
sleep disorders,16 it can easily be transformed into disabling
bothersome tinnitus.7 The mechanism of chronic subjective
tinnitus is still unclear, leading to diverse treatment options,
including cognitive, neuromodulation, sound therapy, and
so on.2 The Heidelberg music therapy model and tailor‐
made notched music therapy are the most widely used
sound therapies in the past.17,18 The customized music
therapy used in our project is made by inverse‐phase editing
procedure where the tinnitus frequency loci or tinnitus
sounds described/selected by the patient were the same with
the frequency and intensity of the music but with an
opposite phase. Based on the superposition property of
waves, the superposition of the music and the tinnitus sound
eliminate the latter. The effectiveness of the music is also
judged by observing changes in brain area excitability.
While if the patient is free of tinnitus, the music can
stimulate the patient's brain in the opposite direction,
reducing the sensitivity of the tinnitus sound and achieving
the purpose of rehabilitation. In addition, the music therapy
used in our study was based on a complete follow‐up

Figure 2. The overall average Tinnitus Handicap Inventory (THI)/Visual Analog Scale (VAS)/Hospital Anxiety and Depression Scale (HADS)

(A/D) score changes based on characteristics of the patient. The upper/middle/lower panels show stratified analysis based on tinnitus

duration/age/tinnitus frequency, respectively. The error bars represent ±1 standard deviation. **Statisitical significance at P ≤ .05; *Statisitical

significance at P ≤ .01.
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system. Regular phone follow‐ups are available to ensure
therapy time, and the App allows for documentation of
treatment progress and results. The follow‐up system can
shorten the therapy time and reduce patients' stress and
anxiety. Our previous study showed that it was difficult to
cure tinnitus out of the hospital with acoustic therapy alone,
but if combined with an effective follow‐up system, the
outcome will be greatly improved.19 The importance of a
follow‐up system was also demonstrated in our previous
large‐sample study.10

Our study showed that the more severe the tinnitus
pretreatment, the better the efficacy we got, and there was
a statistically significant difference between pre‐ and
posttherapy, in which the patients in the catastrophic
group had a THI decrease of up to 28 points. This was
similar to the results of previous studies,20 with only a
difference in the average decline value, which is related to
the enrolled population. This may fully demonstrate that
music therapy has a definite effect and is worthy of
promotion in clinical practice.

If stratified by age, we included a cohort of patients with
an equal distribution of patients in each age group between
30 and 60 years, and relatively few patients younger than
30 and older than 60 years. According to the mechanism of
tinnitus production, patients older than 60 years were more
likely to have tinnitus due to age‐related hearing loss and
decline in compensatory brain plasticity.21–24 The failure of
this condition to manifest in our inclusion population may
be related to the untimely access to medical care by elderly
patients or due to the inability to use smartphones to access
the internet for music. In our study, tinnitus patients aged
31 to 50 showed better decreases in THI, VAS, and HADS‐
A with the least decrease in the >60 age tinnitus group.
While HADS‐D decreased more in the younger age group.
Overall, it appeared that the >60 age tinnitus group had
the poorest outcome, perhaps because this patient popula-
tion still have internet access barriers that limit the
effectiveness of the music therapy and follow‐up system.
It may also be related to the inability of elderly patients to
accurately localize tinnitus frequencies, leading to bias in
customized music production, or the fact that hearing loss
in elderly patients tends to be predominantly full‐
frequency, with multiple tinnitus loci or heterogeneity of
tinnitus loci. The 31 to 50 age tinnitus group showed
relatively better results in anxiety improvement, which is
probably related to anxiety generated by work stress, and
therefore, for this age group, more measures should be
focused on reducing stress and avoiding late‐night sleep.

Referring to the therapy effects based on tinnitus duration,
we found that the shorter the initial duration, the more
significant the efficacy of music therapy, and the 1‐year
duration tinnitus group is significantly higher than that of
over 3 years duration tinnitus group. This may be related to
the central plasticity with auditory network and cognitive
function.25 When the remodeling process has just begun, less
effort is required to reverse the process. With longer time, the
more pronounced the central remodeling becomes. By means

of magnetic resonace imaging, Wang et al found that
after sound therapy, not only was partially restored the
functional connectivity between the left parahippocampal
gyrus and the cingulate cortex, but also the activity in
the right Heschl's gyrus.26 All these changes were toward
normal levels, suggesting that the process of gradual
centralization of chronic tinnitus during the decompensated
phase is reversible.

According to the classification of tinnitus frequency, we
divided it into LF, HF and EHF tinnitus group. Thus, we
completed the delineation of tinnitus frequency sites.
Teismann et al used a short‐term tailor‐made notched music
training to treat 2 groups with different tinnitus frequencies,
in which the results showed that patients with tinnitus
frequencies ≤8 kHz showed significant improvement in
subjective tinnitus loudness and tinnitus‐associated auditory
evoked potentials, whereas patients with tinnitus frequencies
>8 kHz showed no significant improvement.17 In our results,
no significant statistical difference was shown in these
changes, but HF and EHF tinnitus group had better results
as seen in Figure 2. In terms of THI and HADS‐A scores,
HF tinnitus group decreased more than EHF tinnitus group,
which is also not completely consistent with Teismann's
findings. We attribute this difference to the heterogeneity of
study sample sizes and classification methods. On the other
hand, 22.0% of our patients had unavailable tinnitus
frequency, which means the patient did not match the
specific tinnitus frequency. The situation was due to the
heterogeneity of tinnitus or the patient's subjective belief that
the tinnitus could not match any pure tone frequency. In
addition, we cannot ensure all frequency matches were done
precisely, which would also cause differences in efficacy.
Through a randomized controlled trial, Jin et al found
broadband sound stimulation still has a certain effect on
alleviating tinnitus.27 Han et al studied the tinnitus frequency
matching group was significantly more effective in music
therapy than the tinnitus frequency nonmatching group by
running another controlled trial.28 Therefore, we recommend
that broadband music can be used, especially for patients
whose tinnitus frequency is difficult to match. Nevertheless,
it is worth thinking about how to formulate more efficient
music of general applicability.

There are some limitations in our study. First, we did
not stratify the effect of hearing loss on efficacy of music
therapy, nor did we consider the relationship between
frequency of hearing loss and frequency of tinnitus, which
will be analyzed in another study. Second, due to the
limitations of clinical research, we designed a 1‐arm
efficacy study without a control group, so its reliability
needs to be deeply investigated.

Conclusion
Our study is the largest sample‐sized study of music
therapy for tinnitus in China, which aims to explore
which tinnitus patient groups are more beneficial to
customized music therapy. Early treatment, precise
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frequency matching, and attention to anxiety relief are
expected to optimize the efficacy of therapy. We believe
that standardized and universal personalized music will
help more tinnitus patients in the future.
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