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Abstract

Scale (VAS) scores.

optimal TRT strategies.

Background: Chronic tinnitus significantly impacts patients' quality of life, with no consensus on the long-term
efficacy of different interventions. This study aimed to evaluate the long-term effects of tinnitus retraining ther-
apy (TRT) through a systematic review and meta-analysis.

Methods: Following PRISMA guidelines, literature was searched across eight databases up to November 2024.
Ten randomized controlled trials were selected. A random-effects model was used to calculate weighted mean
differences (MD) and 95% confidence intervals (CI) for Tinnitus Handicap Inventory (THI) and Visual Analog

Results: Compared to control groups, TRT significantly improved THI scores (MD = -8.72, 95% CI: -16.65 to
-0.79, P=0.03) and showed a trend toward improving VAS scores (MD = -2.78, 95% CI: -5.57 to 0.02, P=0.05).
Heterogeneity was high (I2=90-96%), but sensitivity analysis confirmed stable results.

Conclusion: TRT has a significant long-term therapeutic effect on chronic tinnitus. Future studies should in-
crease sample sizes, standardize interventions, and optimize review processes to reduce heterogeneity and define
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Introduction

Chronic tinnitus refers to the persistent or inter-
mittent perception of sounds in or around the ear
without corresponding external acoustic stimula-
tion (1). It is not only a symptom but also a
common health issue, with approximately 10% to
15% of the global population experiencing tinni-

tus, and a subset of these individuals suffer from
persistent symptoms for years, severely affecting
their quality of life (QoL) and mental health (2,3).
The pathogenesis of chronic tinnitus is complex
and may be closely related to inner ear damage,
neurological changes, psychological factors, and
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other health issues (such as hearing loss, anxiety,
depression) (4,5). However, despite tinnitus be-
coming a common global health issue, current
treatment methods for tinnitus are still insuffi-
cient, especially in improving patients’ long-term
QoL (6).

Treatment for tinnitus typically includes pharma-
cotherapy, sound therapy, cognitive-behavioral
therapy, and other methods, but for many pa-
tients, these approaches often have limited ef-
fects or fail to achieve long-term symptom relief
(7). In recent years, tinnitus retraining therapy
(TRT) has garnered widespread attention as a
new treatment method. TRT combines tinnitus
treatment with sound therapy, helping patients
adjust their perception and emotional response to
tinnitus through various means, with the goal of
reducing the interference of tinnitus and improv-
ing QoL (8,9). The core concept of TRT is to
change patients’ negative emotional and cognitive
responses to tinnitus through long-term auditory
stimulation and psychological counseling, allow-
ing them to gradually adapt to the presence of
tinnitus, thereby reducing the discomfort and
anxiety, depression, and other negative emotions
caused by tinnitus (10,11). Since its introduction
in the early 1990s, TRT has been widely applied
in clinical settings. This treatment method has
not only achieved certain effects in reducing the
intensity of tinnitus but has also played a visible
role in helping patients improve mental health
and QoL (12,13). The treatment process of TRT
is usually lengthy, and the manifestation of thera-
peutic outcomes often requires several months or
even longer. According to different studies, the
specific effects and applicable populations of
TRT may vary, and the distinctions in patient
groups, intervention schemes, treatment dura-
tion, and other aspects across studies lead to in-
consistent research results and conclusions
(14,15).

TRT can markedly reduce the intensity and fre-
quency of tinnitus in patients and improve their
emotional state, especially providing good relief
for anxiety and depression associated with tinni-
tus symptoms. TRT can also effectively enhance
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patients” QoL, help them resume normal daily
activities, and reduce the impact of tinnitus on
work (16,17). However, these studies mainly fo-
cus on the initial and midterm assessments of
therapeutic outcomes, and there is a lack of sys-
tematic comprehensive analysis on the long-term
effects of TRT and its effectiveness under differ-
ent intervention schemes. Particularly, the dis-
tinctions in intervention duration, treatment
methods, sample selection, and scoring criteria in
different studies result in visible distinctions in
the evaluation of TRT’s efficacy in treating
chronic tinnitus.

In response to these issues, this article aims to
comprehensively assess the long-term effects of
TRT on chronic tinnitus and its impact on pa-
tients’ QoL through systematic review and meta-
analysis of existing literature. Meta-analysis, as a
powerful statistical method, can effectively re-
duce biases that may exist in individual studies
and provide more reliable conclusions. Through
the comprehensive analysis of existing literature,
it is hoped to provide a more systematic and
comprehensive understanding for clinicians treat-
ing tinnitus, patients, and related researchers,
promoting the further application of TRT in the
treatment of chronic tinnitus, and ultimately im-
proving patients’ tinnitus symptoms and QoL.

Materials and Methods

Article searching

This study strictly adhered to the methods of sys-
tematic review and meta-analysis. The study was
conducted in accordance with the Preferred Report-
ing ltems for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. First, literature published
up to Nov 2024 was searched in the following
databases: PubMed, Embase, Web of Science,
Cochrane Library, MEDLINE, China National
Knowledge Infrastructure (CNKI), WanFang
Data, and the Chinese Science Citation Database
(VIP). The search strategy utilized core terms
such as “Tinnitus Retraining Therapy” (TRT),
“Chronic Tinnitus,” “Long-term Effects,” “Qual-
ity of Life,” “Tinnitus Handicap Inventory”
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(THI), “Visual Analogue Scale” (VAS), and
“Randomized Controlled Trial,” combined using
Boolean operators “AND” and “OR.” For ex-
ample:

(“Tinnitus Retraining Therapy” OR “TRT”)

AND (“Chronic Tinnitus”)

AND (“Long-term Effects” OR “Quality of
Life”)

AND (“Tinnitus Handicap Inventory” OR
“Visual Analogue Scale”)

AND (“randomized controlled trial”).

Additionally, manual searches of key jour-
nals and their reference lists were conducted to
track citations of the included studies, ensuring
the comprehensiveness of the search.

Article selection

Selection

Regarding study design, the studies included in
this review were randomized controlled trials
(RCTs), cohort studies, or case-control studies.
Regarding study population, the participants were
adult patients with chronic tinnitus (tinnitus last-
ing 23 months), diagnosed according to interna-
tionally recognized criteria.

Regarding interventions, the intervention group
(IG) clearly adopted TRT, while the control
group (CG) received either no intervention, a
placebo, or another form of control treatment.
Regarding outcome measures, the studies report-
ed baseline and post-intervention data on tinnitus
assessment scales, such as the THI or the visual
analogue scale (VAS).

Regarding language and publication date, the
studies were published in English or Chinese,
with publication dates up to Nov 2024.

Removal
Review articles, meta-analyses, conference ab-
stracts, case reports, and other studies with non-
original data.

Studies where the intervention was unclear
ot did not involve TRT.

Studies with complex intervention factors
that prevent independent assessment of the TRT
effect.
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Studies that did not provide sufficient THI
or VAS data.

Studies with a high risk of bias (RoB) based
on methodological quality assessment.

Literature screening process

Two researchers independently conducted the
literature screening and data extraction:

Initial screening (Title and Abstract): researchers
excluded studies unrelated to the research topic.
Full-text screening: researchers evaluated the
study design and data completeness according to
the inclusion/exclusion criteria.

Data extraction: researchers used a pre-designed
Exvel spreadsheet to extract basic study infor-
mation, patient characteristics, intervention de-
tails, and THI and VAS scores.

Discrepancy resolution: in case of disagreement,
consensus was reached through discussion or
arbitration by a third-party expert.

Systematic review methodology

This study followed the systematic review pro-
cess:

Study protocol development: the research ques-
tion, population, intervention, comparator, out-
comes, study design (PICOS) elements were
clearly defined, and the protocol was registered.
Literature search and screening: a standardized
search strategy was employed, with a joint search
across multiple databases, and the search log was
recorded.

Quality assessment: the Cochrane RoB tool was
applied to evaluate randomization, blinding, out-
come reporting, and other factors, categorizing
each study as “low RoB,” “high RoB,” or “un-
clear RoB.”

Data synthesis: homogeneous studies were aggre-
gated, and the effect size of TRT on THI and
VAS was quantified in the meta-analysis.
Sensitivity analysis and publication bias detection:
sensitivity analysis was performed by sequentially
excluding studies, and funnel plots were used to
assess the robustness of the results and detect
publication bias.
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Statistical methods

Meta-analysis was performed using Review Manag-
er5.3.

Effect size calculation: for continuous wvariables,
the mean difference (MD) and its 95% confi-
dence interval (CI) were used to represent the
effect size.

Heterogeneity assessment: Cochran’s Q test and
the I* statistic were employed to assess between-
study heterogeneity. A fixed-effect model was
applied when P> 0.10 and I’< 50%; a random-
effects model was used when P<0.10 or I*>50%,
with further exploration of potential sources of
heterogeneity.

Sensitivity analysis: the stability of the results was
validated by excluding individual studies or

changing the analysis model.
Literature
search

Bring into
Preliminary
screening

Design literature that
does not meet the
requirements: N=49

Bring into

“Literature on ™
intervention measures.
< that do not meet
\standards: N=49 _~

Excluding literature
unrelated to the research
topic: N=61

S

Literature with
ring into ~* |missing or incomplete
Bring into ~* |missing or mplet
data: N=32

Publication bias: funnel plots were constructed to
evaluate the possibility of small-study effects and
publication bias.

Significance testing: a P-value of less than 0.05
was considered indicative of statistical signifi-
cance.

Results

Searching results

This article employed a comprehensive multi-
database search strategy and, after combining
various keywords and their expanded terms, 212
relevant articles were retrieved. Finally, 10 articles
were included in the meta-analysis (Fig. 1).

Remaining

Bring into

Bring into

" Poor quality
< literature: N=15 >

\/ Remaining

Include in meta- )
analysis: N=10
O SRR

Fig. 1: Flowchart of articles searching

Basic information

Ten studies involving different clinical trials of
TRT for chronic tinnitus were included, with the
age range of subjects varying from 38.8 to 62.4
yr. All studies’ IG received TRT, and most
adopted a comprehensive intervention plan com-
bining sound therapy, counseling therapy, or oth-
er auxiliary measures. The CG’ remedy plans in-
cluded standard remedy, tinnitus masking thera-
py, hearing aid application, etc., and some studies
also had a no-IG. The duration of intervention in

Available at:  http://ijph.tums.ac.ir

different studies ranged from 6 months to 36
months, with most studies having an intervention
duration of 18 months or 3 months, and a few
studies set a shorter intervention period of 4 wk
to 12 wk. Specifically, some studies adopted TRT
in combination with other therapies, such as
transcranial direct current stimulation (TDCS),
tinnitus control instrument (T'CI), and other stud-
ies combined innovative forms like educational
counseling, personalized sound therapy, and
smart applications. The sample size of the studies
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measure, verifying the efficacy of TRT by as-
sessing changes in the severity of tinnitus before
and after remedy (Table 1).

also varied, with the number of cases ranging
from 11 to 247, with most studies having a sam-
ple size between 40 and 90. In addition, all stud-
ies focused on THI as the primary outcome

Table 1: Basic data of the included articles

Reference No. Remedy options Duration of intetvention

Age (yr)

CG 1G CG 1G CG 1G
(18) 50.6£11.3 50.6£11.3 Standard of Care TRT (TC and ST 18 months 18 months
(SoC) combined with
conventional
sound generators
19) 57.9+11.1 57.9+11.1 Simplified group An interactive The first session lasted At least 45 min for the first
consultation by a smart tablet app about 45-60 min, and the session (if all questions are
single clinician (1-4 | was adopted for second and third sessions answered quickly and
patients per group) | instruction-based lasted about 10-20 min correctly), at least 25 min
consultations on for the second and third
ear anatomy, sessions, and possibly more
neurophysiological than 1 h for some patients
models of tinnitus,
habituation con-
cepts, and sound
therapy
(20) 55.37£7.26 56.2319.81 TDCS: current TDCS combined 5 sessions per week for 4 4 wk
intensity of 2 mA with TRT wk
and stimulation
duration of 20 min
1) 42.8+12.91 42.8+12.91 Participants can Instruction coun- 3 months 3 months
choose their favor- | seling and sound
ite music from the therapy were
software’s built-in | included. Mentor-
music library and ing educational
listen to the pro- counseling organ-
cessed gap-filtered | izes an initial TRT
music in a quiet session for the
environment. The group at the be-
software automati- | ginning of therapy
cally generated that covers: ear
gap-filtered music | anatomy, auditory
based on the char- physiology, neu-
acteristics of the rophysiological
participant’s tinni- mechanisms of
tus tinnitus and caus-
es of tinnitus,
guiding the cor-
rect remedy goals,
and tinnitus habit-
uation advice.
TRT-related
counseling was
continued during
follow-up. Sound
therapy requires
participants to
listen to broad-
band nature
sounds (e.g., wind,
rain, and waves)
for 2 h per day
(22 62.419.8 60.1+10.1 Tinnitus masking TRT therapy, 18 months 18 months

therapy, using a
combination of ear
sound generator,
hearing aids or
equipment
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Table 1: Continued ...

38.8%1.9

60.31£11.7

59.4+10.8

No intervention

No intervention

Telephone survey
on the efficacy of
TRT, directive
counseling and
sound therapy
based on the Ja-
streboff neuro-
physiological
model, with no
subsequent thera-
py after the initial
consultation

Two methods:
Using hearing
Aids and a sound
generator. Method
1: Wearing a
Viennatone
broadband sound
generator in both
eats. The sound
generator produc-
es sustained
broadband sound
with adjustable
volume. The
frequency spec-
trum is adjusted
for tinnitus tone.
Method 2: Wear-
ing ResoundAir
open digital hear-
ing Aids in both
ears, the hearing
aids were pro-
grammed accord-
ing to standard
fitting procedures
TRT combined
with TCI
Telephone surveys
about the efficacy
of TRT, mentot-
ing counseling,
and sound therapy
based on the
Jastreboff neuro-
physiological
model, with 15-
min ongoing
counseling every
1-2 months

/

5.312.2 months

At least 8 h a day for 12
months

6 months

4.7£1.6 months

(26) 54+14 54+14 No intervention TRT, including
consulting and
sound therapy,

broadband noise
generator (bilateral
application, for
the unilateral

At the end of remedy (18
months) and 18 months
after the end of remedy (36
months)

At the end of remedy (18
months) and 18 months
after the end of remedy (36
months)

tinnitus patients
without hearing
loss); Hearing aids
(for those with
hearing loss, with
integrated sound
generators)
Multidisciplinary
diagnosis and
specific TRT

27) 54.63+12.02 53.74+11.05 Standard audiolog-
ical interventions

(step 1); Patients

Step 1: 8 months (followed
by a 4-month contact-free
period). Step 2: Up to 12

Step 1: 8 months (followed
by a 4-month contact-free
period). Step 2: Up to 12

Available at:
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with severe tinni-
tus proceed to step
2 (social work
intervention, up to
nine follow-up
visits)

counseling (step 1,
within the cogni-
tive behavioral
framework); Pa-
tients with severe
tinnitus proceed
to step 2 (12-week
group therapy,
intensity varies
according to
tinnitus severity
and hearing loss)

wk

wk
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Assessment of included articles Review Manager 5.3 software, with all articles
The 10 articles were assessed using the Cochrane having “low risk” for selective reporting (Figs. 2
Reviewer’s Handbook, and a comprehensive
graph of the RoB assessment was plotted using

Random sequence generation (selection bias)

ISY
=}
Hl |
O
~

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias |

0% 2% S0% 7% _ 100%
| . Low risk of bias D Unclear risk of bias . High risk of bias

Fig. 2: Bar chart of RoB assessment of included articles

Cima RF 2012

Forti S 2009

Han 1J 2015

Hatanaka A 2008

Henry JA 2016

Jia XD 2024

Parazzini M 2011

Suh MW 2023

Tong Z 2023

. . . . ‘ . . . . . Selective reporting (reporting bias)
W | W Ogher bias

. . . . . . . ' . . Blinding of outcome assessment (detection bias)
. . . . . . . . . . Incomplete outcome data (attrition bias)

o . . ‘ OIS . W' | ™ | Blinding of participants and personnel (performance bias)

. . . . ' . . ‘ . . Random sequence generation (selection bias)
. CUN BCUS BCY . . . - . . Allocation concealment (sclection bias)

TRT Research Group 2019

Fig. 3: Summary chart of RoB assessment of included articles
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Sensitivity analysis of THI score

Due to the significant heterogeneity observed in
the meta-analysis of the THI scores, a sensitivity
analysis was conducted by sequentially excluding
individual studies to investigate the sources of
heterogeneity and verify the robustness of the

results. After excluding different studies, alt-
hough the heterogeneity indicators fluctuated,
they remained at a relatively high level. The esti-
mates of treatment effects showed minimal varia-
tion, and the Cls remained largely consistent

(Table 2).

Table 2: Sensitivity analysis of THI scores

' Articles removal
No removal
Only Cima RF 2012 was removed
Only Forti S 2009 was removed
Only Han JJ 2015 was removed
Only Hatanaka A 2008 was removed
Only Henry JA 2016 was removed
Only Jia XD 2024 was removed
Only Parazzini M 2011 was removed
Only Suh MW 2023 is removed
Only Tong Z 2023 is removed
Only TRT Research Group 2019 was removed

Long-term effects of TRT in patients with chron-
ic tinnitus

Ten studies evaluated the therapeutic effects of
TRT intervention compared to a CG in patients
with chronic tinnitus, including 1368 participants,
with 675 in the IG and 693 in the CG. Given the

Intervention group Control group

\%00) 95%CI I2
-8.72 -16.65 - -0.79 90%
-8.82 -20.37 - 2.73 92%
-5.33 -12.53 - 1.87 87%
-10.46 -18.71 - -2.20 91%
-6.26 -14.41 - 1.89 89%
-8.72 -16.65 - -0.79 90%
-9.10 -20.67 - 2.47 92%
-8.72 -16.65 - -0.79 90%
-8.72 -16.65 - -0.79 90%
-12.07 -19.97 - -4.17 88%
-8.72 -16.65 - -0.79 90%
variations between studies, a random-effects

model was applied in this meta-analysis. The
combined results indicated that, compared to the
CG, TRT intervention significantly improved the
therapeutic outcomes in patients with chronic
tinnitus (Fig. 4).

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI 1V, Random, 95% Cl
Cima RF 2012 26.45 1881 245 3351 2325 247 19.7% -7.06(-10.80, -3.32] -

Forti S 2009 298 219 45 578 23.6 45 16.0% -28.00[-37.41,-18.59] —

Han JJ 2015 30.6 248 11 215 271 15 89% 9.10[-10.97.29.17] = e
Hatanaka A 2008 283 239 90 488 259 90 17.6%  -20.50[-27.78.-13.22] -

Henry JA 2016 35.7 0 34 41.74 0 4 Not estimable

Jia XD 2024 3535  9.08 63 41.19 1086 63 199% -5.84[-9.34,-2.34] *®

Parazzini M 2011 27.9 0 91 57.9 0 91 Not estimable

Suh MW 2023 23.6 0 42 376 0 42 Not estimable

Tong Z 2023 27.89 1848 54 21.72 1821 58 17.9% 6.17[-0.63,12.97] [

TRT Research Group 2019 315 205 51 292 172 0 Not estimable

Total (95% CI) 726 693  100.0% -8.72[-16.65,-0.79] ’
Heterogeneity: Tau?=79.31; Chi*=49.54, df=5 (P<0.00001): 1>=90% .1500 -é() 0 530 I()():

Test for overall effect: Z=2.16 (P=0.03)

Control group  Intervention group

Fig. 4: Forest plot (FOP) of THI scores for subjects

The research points were primarily concentrated
on both sides of the funnel, with a distribution
that exhibited a certain degree of symmetry. Alt-
hough there were a few research points that were
Available at:  http://ijph.tums.ac.ir

more deviated from the center, overall, the graph
suggested a relatively balanced distribution trend
(Fig. 5).
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0 - SE(MD)

20

MD

-100 -50

50 100

Fig. 5: FUP of subjects’ THI scores

Sensitivity analysis of VAS scores

Table 3 lists the impact of excluding individual
studies on the effect size and Cls for the VAS
scores. Although the effect sizes and inter-study
differences fluctuated after the removal of certain

studies, the overall heterogeneity remained high.
Compared to the CG, TRT intervention still
demonstrates a significant therapeutic effect in
improving the VAS scores in patients with chron-
ic tinnitus.

Table 3: Sensitivity analysis of VAS scores

Articles removal

No removal

Only Forti S 2009 was removed

Only Han JJ 2015 was removed

Only Hatanaka A 2008 was removed

Only Suh MW 2023 was removed

Only Tong Z 2023 was removed

Only TRT Research Group 2019 was removed

Effect of TRT on VAS score in patients with
chronic tinnitus

Six studies were included, comprising 592 pa-
tients, with 293 in the IG and 299 in the CG.

48

%00 95%CI I2

-2.78 -5.57 - 0.02 96%
-2.39 -5.40 - 0.601 94%
-3.72 -6.99 - -0.45 97%
-0.56 -2.77-1.64 94%
-2.78 -5.57 - 0.02 96%
-4.29 -8.15--0.43 95%
-4.13 -8.11 - -0.16 97%

Due to the differences between studies, a ran-
dom-effects model was applied in this meta-
analysis. TRT intervention can improve the VAS
scores in patients with chronic tinnitus (Fig. 0).
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Intervention group
Mean SD  Total Mean

Control group
Study or Subgroup

SD Total Weight 1V, Random, 95% Cl
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Mean Difference
1V, Random, 95% CI

Mean Difference

Forti S 2009 327 277 45 6.83 232 45
Han JJ 2015 45 282 11 395 337 15
Hatanaka A 2008 37.8 202 90 57.8 202 90
Suh MW 2023 1.73 0 42 3.64 0 42
Tong Z 2023 4 206 54 317 172 58
TRT Research Group 2019 4.4 24 51 43 3 49
Total (95% CI) 293 299

Heterogeneity: Tau’=8.68; Chi’=89.81, df=4 (P<0.00001); I’=96%
Test for overall effect: Z=1.95 (P=0.05)

22.7%
20.0%
11.5%

23.1%

22.7%

100.0%

-3.56[-4.62.-2.50] .
0.55[-1.83,2.93]
-20.00[-25.90,-14.10]

Not estimable

0.83[0.12,1.54]
0.10[-0.97,1.17] ’
-2.78[-5.57,0.02] ¢
' } t ]
200 -50 0 0 100

Intervention group  Control group

Fig. 6: FOP of subjects’ VAS scores

Fig. 7 displays that although some study points
deviated relatively from the centetline, the overall
distribution trend was balanced. Despite a certain

0 - SE(MD)

degree of Heterogeneity, no visible PB was indi-
cated.

MD

-100 -50

0

50 100

Fig. 7: FUP of VAS scores of subjects

Discussion

This article assessed the long-term efficacy of
TRT in patients with chronic tinnitus through a
Meta-analysis. 10 clinical trials were involved, in-
cluding 1368 patients, and the distinctions be-
tween the IG and the CG were analyzed across
various assessment dimensions. The analysis sug-
gested that TRT intervention had visible clinical
effects in treating chronic tinnitus, but there was
also considerable heterogeneity among studies
that warrants further exploration.

Firstly, regarding the THI scores, the IG showed
a visible improvement in patients’ tinnitus symp-
toms compared to the CG. The THI score is an
important indicator for measuring the severity of
tinnitus and its impact on patients’ lives, with
higher scores indicating a greater impact. Sensi-
tivity analysis revealed that although individual

Available at:  http://ijph.tums.ac.ir

studies had a certain impact on the results, such
as a decrease in I* after excluding Forti S, the
overall Heterogeneity remained high. This sug-
gests visible distinctions in intervention effects,
related to study design, patient baseline character-
istics, or details of remedy implementation.
Among these studies, the design of TRT inter-
vention varied, with some combining other ther-
apies like TDCS and TCI, and different interven-
tion periods ranging from 3 months to 36
months, contributing to the Heterogeneity in
remedy effects. However, despite these distinc-
tions, most studies still demonstrated that TRT
markedly improved tinnitus symptoms (28-30),
indicating that the intervention effect of TRT was
stable and visible overall.

Regarding the VAS scores, the TRT intervention
also suggested positive improvement effects. The
VAS score was adopted to assess the discomfort

49



Iran J Public Health, Vol. 55, No.1, Jan 2026, pp.40-52

and QoL of patients with chronic tinnitus, re-
flecting the subjective feeling of patients about
the annoyance caused by tinnitus, usually as-
sessed by the patient’s perception of tinnitus in-
tensity and its impact on their QoL (31,32). De-
spite the Meta-analysis of VAS scores showing
high Heterogeneity, indicating visible distinctions
in effect sizes across studies, the MD values for
VAS scores remained relatively stable after ex-
cluding certain data, also indicating that TRT had
certain effects in improving the QoL of patients
with chronic tinnitus and reducing the discomfort
caused by tinnitus. Especially in some high-
quality studies, TRT intervention could bring vis-
ible improvements in VAS scores, although some
studies had larger sample sizes or intervention
intensity distinctions. Although the P-value was
0.05, right on the edge of statistical significance,
the absolute value of the MD still suggested a
certain clinical significance of TRT intervention,
particularly in improving the discomfort caused
by tinnitus. During Sensitivity analysis, by exclud-
ing data one by one, the I* value fluctuated, indi-
cating that individual studies had a visible impact
on the results. After excluding Han JJ (2015) and
TRT Research Group (2019), the I* value re-
mained high, indicating that although removing
certain studies reduced Heterogeneity, high Het-
erogeneity still existed. This Heterogeneity may
be related to factors such as sample size, inter-
vention plans, and follow-up time in different
studies. For the Meta-analysis of VAS scores, alt-
hough excluding certain data led to fluctuations
in MD wvalues, these fluctuations were not visible,
and in most cases, the MD values remained with-
in the significant range, further validating the ef-
fect of TRT intervention in improving the QoL
of patients with tinnitus (33,34). The FUP analy-
sis suggested that despite a certain degree of Het-
erogeneity, there was no visible PB overall, indi-
cating that the results of this Meta-analysis had a
certain degree of credibility. The symmetry of the
FUP suggested that although there were larger
fluctuations in some small-sample studies, there
was no systematic bias affecting the estimation of
remedy effects.
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Overall, TRT intervention had relatively con-
sistent supportive evidence for improving the
long-term effects in patients with chronic tinni-
tus. Whether from the perspective of THI scores
or VAS scores, TRT intervention effectively alle-
viated tinnitus symptoms, reduced the discomfort
caused by tinnitus, and thereby improved the
QoL of patients (35,36). Especially in treating the
anxiety and discomfort caused by tinnitus, TRT
showed its long-term efficacy, helping patients
rebuild coping mechanisms and adaptation abili-
ties for tinnitus. However, the high Heterogeneity
of the results also reminded that the efficacy of
TRT may be markedly affected by individual dis-
tinctions in patients. Therefore, the formulation
of individualized remedy plans should pay more
attention to factors such as the characteristics of
patients’ tinnitus, life background, and interven-
tion methods to achieve the best results in the
remedy process.

Conclusion

Through the Meta-analysis of 10 clinical trials on
TRT intervention in patients with chronic tinni-
tus, the impact of TRT on the long-term effects
in patients with chronic tinnitus was assessed.
TRT intervention had relatively consistent effects
in improving chronic tinnitus symptoms, espe-
cially in alleviating the emotional distress caused
by tinnitus and improving patients’ coping abili-
ties. However, there was a high degree of Heter-
ogeneity, related to distinctions in intervention
plans, remedy duration, and patient populations.
Although Sensitivity analysis to some extent veri-
fied the robustness of the results, Heterogeneity
still can’t be ignored. Secondly, the small sample
size in some studies may affect the stability and
generalizability of the results. Future studies
should focus on addressing the following issues:
first, further standardizing the intervention plan
of TRT, unifying remedy duration and methods
to reduce Heterogeneity; second, increasing sam-
ple size, especially in subgroup analyses of specif-
ic populations (such as patients of different age
groups, duration of tinnitus), to improve the pre-
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cision and applicability of the study; third, explor-
ing the effects of TRT in combination with other
remedy methods, assessing its therapeutic out-
comes in different individuals, and finding the
best remedy strategies. In conclusion, despite
some shortcomings, this article provided evi-
dence to support the remedy of chronic tinnitus
with TRT, and future studies will further opti-
mize remedy plans and verify their effects in dif-
ferent populations.
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