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Abstract
Background: Tinnitus is a common otological symptom and can be debilitating. Sound therapy has increased in popularity due to
its potential for increased efficacy and fewer and milder side effects, but the available evidence is limited by the lack of randomized
controlled trials comparing different sound therapies for tinnitus. Network meta-analysis (NMA) is a useful tool to compare multiple
treatments when there is limited or no direct evidence available. The aim of this paper is to evaluate the efficacy and acceptability of
different sound therapies for tinnitus.

Methodsand analysis: A literature search was conducted to identify articles in EMBASE, PubMed/MEDLINE, Web of Science,
Cochrane Library, China National Knowledge Infrastructure, Chinese Biomedical Literature, and Wanfang and Weipu from inception
to April 1, 2021. The Tinnitus Handicap Inventory, Tinnitus Questionnaire, and effective rate were used to assess perceived tinnitus
suppression after treatment. We used Review Manager 5.4 for the standard meta-analysis; R 4.0.4 and Stata 15.1 were used for the
NMA and the publication bias and sensitivity analyses.

Results: The effect estimates of the direct comparisons (when available) were very similar to those of the NMA. Overall, sound
stimulation alone performed better than medication alone, educational consultation alone, and no treatment. Combination therapy,
such as sound stimulation plus educational consultation and sound stimulation plus drug therapy, yielded significantly better
outcomes with regard to the alleviation of tinnitus than individual treatments.

Conclusion: This is the first NMA to evaluate and compare the effectiveness of different sound therapies for the management of
tinnitus. It may help inform the selection of sound therapy and the development of guidelines in clinical practice. Future studies of
sound therapy with larger sample sizes involving multiple medical centers are needed to improve the current evidence.

Abbreviations: ACT = acceptance and commitment therapy, C = control group, CBM = Chinese Biomedical Literature, CBT =
cognitive-behavior treatment, CI = confidence interval, d = day, DIC = deviance information criteria, E = experiment group, F =
female, h = hour, HA = hearing aids, M =month, MD =mean difference, NA = not available, NG = noise generators, NMA = network
meta-analysis, OR = odds ratio, PICOS = participants, interventions, comparators, outcomes, and study designs, PRISMA =
Preferred Reporting Items for Systematic Reviews and Meta-Analysis, RCT = srandomized controlled trials, RE = random-effects,
SC = standard of care treatment, SoC = standard of care, TCI = tinnitus control instruments, TCT = tinnitus-coping therapy, TE =
tinnitus education, THI= Tinnitus Handicap Inventory, TQ= Tinnitus Questionnaire, TRT= tinnitus retraining therapy, WLC=wait-list
control, y = year.
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1. Introduction

Tinnitus is a common otological symptom and is defined as a
sound in the head or ears that has no external source.[1–5] The
sensation is usually defined as a ringing, buzzing, or whistling
sound.[1] Most people suffer from tinnitus at least once in their
life and approximately 1% to 6% of the population is severely
affected by tinnitus, experiencing sleep disorders, headaches,
weakness, depression, and confusion or difficulty concentrat-
ing.[6] However, the pathophysiology of tinnitus remains unclear,
and because otological conditions, especially high-frequency
hearing loss, are major risk factors for tinnitus, the sensations are
often deemed to be a maladaptive homeostatic compensation
mechanism that is triggered by auditory deprivation.[5] Treat-
ments to reduce tinnitus and tinnitus-related distress include
auditory therapeutic measures, repetitive transcranial magnetic
stimulation, direct current stimulation, specific forms of acoustic
stimulation (noise/masking, retraining therapy, music, and
acoustic coordinated reset), laser treatment, acupuncture,
surgery, and so on. However, no specific treatments or
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interventions have yet been proven to offer a completely
satisfactory solution.[7–9]

Acoustic therapy was first described in a medical textbook by
Jean-Marie Itard in 1821, and this treatment continues to evolve,
with a range of therapies being developed[10]; therapies include
tinnitus retraining therapy (TRT) (sound stimulation combined
with educational consultation), hearing aids (HA), masking and
customized sound therapy, which is a tinnitus management
strategy based on the individual’s condition, that includes
personalized notched music training, tinnitus pitch-matched
therapy, neuromonics tinnitus therapy, and so on.[7,11–13] Sound
therapy is one of the most commonmethods of managing tinnitus
and its effectiveness with regard to changing a patient’s
perception of tinnitus has been explored for centuries. Because
of its noninvasiveness and simplicity, sound therapy is readily
accepted by patients and widely used in clinical practice.[7]

However, reports of its efficacy have been mixed.
In light of these issues, the present study aimed to systemati-

cally review the current literature on sound therapy and explore
the true effect of sound therapy. We sought to comprehensively
assess the effect size by conducting a network meta-analysis
(NMA) of published studies in Chinese and English, as sound
therapy may represent a promising strategy with which to
suppress tinnitus.

2. Materials and methods

2.1. Systematic search strategy and study selection

Two investigators (YT and LH) independently searched for
articles without language restrictions from the date of the
inception of each database through April 1, 2021. The databases
that were searched were EMBASE, PubMed/MEDLINE, Web of
Science, Cochrane Library, China National Knowledge Infra-
structure, Chinese Biomedical Literature, Wanfang, and Weipu
databases. Medical subject heading and free search terms were
both used in the literature search. An example of the search
strategy for PubMed/MEDLINE is (“tinnitus” AND (“masking
therapy” OR “tinnitus retraining therapy” OR “hearing aids”
OR “music therapy” OR “sound therapy” OR “acoustic
therapy”) AND (“randomized controlled trial” OR “RCT”
OR “randomized”)). The Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) statement
and checklist were followed as much as possible during this
review,[14] and the protocol was reviewed and registered in
PROSPERO (ID: 4202159034). We initially identified 863
articles after reading the titles and abstracts.
Two investigators (YT and ZJ) independently skimmed the

identified abstracts and selected the articles for the full-text
review. The same investigators independently reviewed the full
texts of the selected articles. A senior investigator (LH)
adjudicated in cases of disagreement.
The studies were identified using the PICOS (participants,

interventions, comparators, outcomes, and study designs)
framework to set the parameters of interest. These can be
summarized as follows: (P) Patients with acute or chronic
tinnitus. (I) Sound stimulation alone, sound stimulation com-
bined with drug therapy, sound stimulation combined with
educational consultation, or sound stimulation combined with
drug therapy and educational consultation. (C) Drug therapy, no
treatment, educational consultation only, sound stimulation
alone or sound stimulation combined with drug therapy (O) The
clinical outcomes of the studies included the Tinnitus Handicap
2

Inventory (THI), Tinnitus Questionnaire (TQ), and effective rate.
(S) RCTs.
Studies with the following characteristics were excluded: (a) a

study design other than an RCT; (b) not in English or Chinese; (c)
only 1 arm; (d) missing key information, such as a suitable
comparator and the main quantitative outcomes; (e) animal
experimental investigations, case reports, meeting abstracts and
comments, and review articles; (f) unavailable data; (g)
incomplete or seriously flawed studies; and (h) not the largest
study among those using duplicate patients within the same
institution.
2.2. Quality assessment

The Cochrane Collaboration tool was used to assess the risk of
bias in the selected studies. The following aspects were assessed
independently by 2 reviewers (YT and YSY): random sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome
data, selective reporting, and other bias. Disagreements between
the 2 reviewers were resolved through either discussion or
adjudication by a third reviewer (LH). We judged each study as
having a low, unclear, or high risk of bias in each domain. In the
review of randomization, studies that described their exact
randomization method were scored as having a low risk of bias;
however, when the study did not report the exact randomization
method but indicated that they had randomized, controlled
designs, we scored them as “unclear.” Similar criteria were
applied for the scoring of allocation concealment, blinding,
incomplete outcome data, and selective reporting.
2.3. Statistical analysis

Review Manager 5.4 (Cochrane), Stata 15.1, and R 4.0.4 were
used for statistical analysis.

2.3.1. Pairwise meta-analysis. The effect estimate for the THI
and TQ was the mean difference (MD) and the effective rate
estimated by the rating scale scores was the odds ratio (OR). The
MD and 95% confidence interval (CI) were calculated directly
from data reported in figures or the main text. The Cochrane
Q statistic and the I2 statistic were used to assess statistical
heterogeneity. Heterogeneity was categorized as follows using the
Nordic Cochrane Centre (2011) reference: I2=0% to 40%, no
important heterogeneity; I2=30% to 60%, moderate heteroge-
neity; I2=50% to 90%, substantial heterogeneity; and I2=75%
to 100%, considerable heterogeneity. If the I2 statistic was
greater than 50% and the Cochrane Q – statistic had a P value
<.1, a random-effects (RE)model was used. Otherwise, we used a
fixed-effects model, namely, the Mantel–Haenszel method, to
calculate the pooled effect. P< .05 was considered significant.
Forest plots were generated to illustrate the study-specific effect
sizes along with the corresponding 95% CI.

2.3.2. Network meta-analysis. We performed Bayesian NMA
to compare multiple sound therapies by combining direct and
indirect evidence of the relative treatment effects. The NMA was
conducted with R4.0.4. Considering the expected between-study
heterogeneity, we used a RE model for each comparison. The
consistency of the evidence was assessed by fitting unrelated
means models and comparing their deviance information criteria
(DIC) with that from the corresponding consistency model (with
differences of 5 points or more indicating an important difference
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in fit). Meanwhile, the local inconsistency of our results was
confirmed by the node-splitting method and its Bayesian P value.
P values >.05 indicated good consistency among the reports.
Similarly, the effect estimates were calculated using ORs with

95%CIs for dichotomous data; continuous data are expressed as
the SDs for each study, and the MDs with 95% CIs were
Figure 1. Flow diagram of the se

3

calculated.We also compared the direct and indirect estimates for
each comparison. Network plots were drawn to describe and
present the geometry of the treatment network of comparisons
across trials to ensure that NMA was feasible. Additionally, the
relevant rank plots based on the probability for different
endpoints are shown.
lection of the included studies.
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2.4. Sensitivity analyses

We also performed sensitivity analyses to evaluate the impact of
both studies with high levels of risk of bias and those with various
follow-up durations on our results. Sensitivity analyses were
performed by excluding 1 paper at a time and observing the
robustness of the results.
2.5. Publication bias

We used comparison-adjusted funnel plots to explore the
potential small-study effects in the network and used contour-
enhanced funnel plots to examine whether the funnel plot
asymmetry was caused by publication bias.
2.6. Ethics and dissemination

Since existing studies are involved, there is no need for ethics
approval.
3. Results

3.1. Search results and study characteristics

A total of 1269 citations were identified from the EMBASE,
PubMed/MEDLINE, Web of Science, Cochrane Library, China
National Knowledge Infrastructure, Chinese Biomedical Litera-
ture, Wanfang, and Weipu databases. The number of citations
decreased to 863 after duplicates were removed. By screening
titles and abstracts, we excluded 624 studies for different reasons.
Of the 239 potentially eligible studies, 217 articles were excluded,
for the following reasons: they were not RCTs (n=50) and full
texts were not found (n=24). Finally, 22 studies were included.
Twenty studies with 1522 participants were included in this
Table 1

Charateristics of the included studies and participants.
Sample size

Author (publication year) Country Types of tinnitus E C

Hiller and Haerkötter
(2005)[15]

Germany Chronic tinnitus 31 33

31 29
Caffier et al (2006)[16] Germany Chronic tinnitus 20 20
Wang et al (2010)[17] China Sensorineural tinnitus 35 30
Westin et al (2011)[18] Sweden Chronic tinnitus 20 20

22
Deng et al (2012)[19] China Subjective tinnitus 292 395
Yang (2014)[20] China Sugjective tinnitus 68 73
Luo et al (2014)[21] China NA 40 40
Liu et al (2015)[22] China Sudden deafness with tinnitus 48 48
Zhang (2015)[23] China NA 43 42
Henry et al (2016)[24] America Chronic tinnitus 42 39

34 33
Wang et al (2017)[25] China Sudden deafness with tinnitus 68 56
Han (2017)[26] China Sensorineural tinnitus 30 30
Bauer et al (2017)[27] America Subjective, stable,

bothersome chronic tinnitus
19 19

Wang et al (2018)[28] China NA 30 30
Liu et al (2018)[29] China Sudden deafness with tinnitus 30 30
He et al (2018)[30] China Subjective tinnitus 40 40
Zhang (2019)[31] China NA 30 30
Radunz et al (2019)[32] Brazil NA 11 11

11
Scherer and Formby

(2019)[33]
America Subjective distress tinnitus 51 49

51
Xiao (2020)[34] China Sensorineural tinnitus 33 33
Zhang et al (2020)[35] China Subjective tinnitus 59 59
Luo et al (2020)[36] China NA 30 30

C=control group, d=day, data presented as mean± standard deviation, E= experiment group, F= fem

4

review. Seven studies were published in English and the
remaining 15 studies[17,19,20–23,25,26,28–31,34–36] were published
in Chinese. The greatest number of studies originated in
China,[17,19,20–23,25,26,28–31,34–36] Germany,[16] Sweden,[18] the
United States,[24,27,33] and Brazil[32] and were published from
2005 to 2020. The search strategy is shown in Figure 1 and
descriptions and patient characteristics are summarized in
Table 1. The treatment details in the selected studies are shown
in Table 2.

3.2. Risk-of-bias assessment

All included studies mentioned randomization. Only 6 stud-
ies[18,22,23,29,32–34] described the detailed methods of randomiza-
tion. Only 1[32] study clearly described the concealment of
allocation. One[32] study had an explicit double-blind design and
1[18] study had a single-blind design. In the domain of incomplete
outcome data and selective reporting, all the studies were judged
as having a “low” risk of bias. Other biases sometimes included
unknown risk, so we scored all the other biases as “unclear”
(Fig. 2A,B).

3.3. Pairwise meta-analysis
3.3.1. Tinnitus Handicap Inventory

3.3.1.1. Sound stimulation vs no treatment. Two studies that
compared sound stimulation with no treatment found a
significant difference (MD, �22.79; 95% CI, �38.98, �6.60;
P= .006) (Fig. 3A).We used an REmodel as there was substantial
heterogeneity among studies (I2=93%, P= .0001).

3.3.1.2. Sound stimulation with educational consultation vs
sound stimulation. Sound stimulation with educational consul-
Sex (M+F) Tinnitus duration Age
E C E C E C

33+15 18+15 ≥6mo 52.5±15.3 45.2±14.1

21+10 12+17 51.0±13.2 51.4±10.9
22+18 ≥6mo 51 yrs

16+19 13+17 2d–5yrs 19–70 21–67
12+8 6+14 9.19±6.61 6.77±5.95 48.95±14.5 53.5±12.84

14+8 7.11±7.73 49.59±11.86
378+309 ≥3mo 41.3
42+26 48+25 2.7±0.8 yrs 3.1±0.3 yrs 55.4±3.2 57.6±2.9
18+22 18+22 2–5 yrs 19–68 21–67

NA <15d 18–75 yrs
27+16 23+19 NA 50 50
40+2 39+0 ≥6mo 62.4±9.8 62.7±10.6
33+1 32+2 60.1±10.1 61.2±8.8
39+29 23+33 �14d 47.44±12.52 48.91±10.15
17+13 18+12 40d–50yrs 30d–16yrs 43.11±12.15 62.23±3.28
13+6 13+6 NA NA

17+13 16+14 3.5±1.5 3.7±1.3 52.1±4.3 53.4±3.9
16+14 17+13 NA 40.98±14.96 40.33±15.42
20+20 22+18 ≥6mo 42.5±9.17 43.3±12.27

18–60 >5yrs 48.23±8.41 51.27±9.02
NA 58.9±17.7mo 56.3±16.8

34+17 36+13 10.9±8.9y 13.0±11.4 yrs 51.1±12.6 49.9±10.0

37+14 11.7±11.1 50.9±11.2
19+14 20+13 30d–16 yrs 41.27±11.52 41.26±11.31
21+38 20+39 2.27±0.46 2.36±0.47 40.27±13.29 41.35±14.27
22+38 5.9±2.1 4.2±3.8 48.2±14.6 50.1±12.7

ale, M=male, M=month, NA=not available, y= year.
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tation and sound stimulation alone significantly affected the THI
scores (MD, �6.23; 95% CI, �9.72, �2.75; P= .0005), with no
significant heterogeneity (I2=0%, P= .0005) (Fig. 3B).

3.3.1.3. Sound stimulation with educational consultation vs
educational consultation. Two studies provided data on the
changes in the THI scores after sound stimulation with
educational consultation and educational consultation alone
(Fig. 3C). Pooled analysis of the data showed no significant
improvement in THI scores (MD=�2.86; 95% CI, �10.08,
4.36; P= .44), and there was moderate heterogeneity between the
studies (I2=69%, P= .01).

3.3.1.4. Sound stimulation with educational consultation vs no
treatment. As shown in Figure 3D, sound stimulation with
educational consultation and no treatment did not yield
significant differences in the THI score. The MD was �10.25
(95% CI, �23.72, 3.22; I2=70%).

3.3.2. Effective rate

3.3.2.1. Sound stimulation vs drug therapy. Two studies
compared the efficacy of sound stimulation and drug therapy
using the effective rate, and a fixed-effects model was used due to
Figure 2. Risk-of-bias summary and graph. (A) Ri

7

the lack of important heterogeneity (I2=0%, P= .52). The
pooled analysis showed that sound stimulation yielded a
significantly higher effective rate than drug therapy (OR, 2.36;
95% CI, 1.12, 4.99; P= .02) (Fig. 3E).

3.3.2.2. Sound stimulation with drug therapy vs drug therapy
alone. Five studies compared the efficacy of sound stimulation
combined with drug therapy with that of drug therapy alone, and
the pooled OR was 3.87 (95% CI, 2.38, 6.28; P< .00001),
indicating a statistically significant difference between the 2
groups, a fixed-effects model was used due to the lack of
important heterogeneity (I2=0%, P= .79) (Fig. 3F).

3.3.2.3. Sound stimulation with educational consultation vs
sound stimulation alone. Two studies with 120 participants
compared the efficacy of sound stimulation with educational
consultation with that of sound stimulation alone using the
effective rate, and a fixed-effects model was used due to the lack
of important heterogeneity (I2=0%, P= .93). The pooled
analysis showed that sound stimulation combined with educa-
tional consultation yielded a significantly higher effect on
effective rate than drug therapy (OR, 3.71; 95% CI, 1.39,
9.99; P= .009) (Fig. 3G).
sk of bias graph and (B) Risk of bias summary.
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Figure 3. Meta-analysis forest plot of the effective rate, changes in the THI scores, and TQ score in tinnitus patients. (A) Sound stimulation versus no treatment for
the THI change scale score; (B) Sound stimulation with educational consultation versus sound stimulation for the THI change scale score; (C) Sound stimulation with
educational consultation versus educational consultation for the THI change scale score; (D) Sound stimulation with educational consultation versus no treatment
for the THI change scale score; (E) Sound stimulation versus drug therapy for effective rate; (F) Sound stimulation with drug therapy versus drug therapy alone for
effective rate; (G) Sound stimulation with educational consultation versus sound stimulation alone for effective rate; (H) Sound stimulation with educational
consultation and drug therapy versus drug therapy alone for effective rate; and (I) Sound stimulation group versus the educational consultation for TQ change scale
score. THI=Tinnitus Handicap Inventory, TQ=Tinnitus Questionnaire.
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Figure 4. Network diagram of the change in THI score (left) and effective rate (right) (A,B); league table of the estimates of pairwise differences (C,D); intervention
ranking with regard to changes in the THI scores and effect rate (E,F); Funnel plot of the studies reporting the changes in the THI score (left) and the effective rate
(right) (G,H) Abbreviations: 1, Sound stimulation; 2, Drug therapy; 3, Sound stimulation with educational consultation; 4, Sound stimulation combined with drug
therapy; 5, Sound stimulation combined with drug therapy and educational consultation; 6, No treatment; 7, Educational consultation. THI=Tinnitus Handicap
Inventory.
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Figure 4. Continued.
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3.3.2.4. Sound stimulation with educational consultation
and drug therapy vs drug therapy alone. Two studies with
286 participants compared sound stimulation with educational
consultation and drug therapy with drug therapy alone using
the effective rate. The results showed a significant
10
overall effect, and the pooled analysis demonstrated that
sound stimulation with educational consultation and drug
therapy yielded a significantly higher effective rate than drug
therapy (OR, 9.50; 95% CI, 4.57, 19.33; P< .00001; I2=45%)
(Fig. 3H).



Figure 4. Continued.
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3.3.3. Tinnitus questionnaire. To compare the change in
distress caused by tinnitus according to the TQ score between
the sound stimulation group and the educational consultation
group, a random-effects model was used due to the presence of
moderate heterogeneity (P= .01; I2=70%). The analysis showed
no difference in the effects of the 2 regimens (MD, �1.56; 95%
CI, �7.01, 3.88; P= .57) (Fig. 3I).
11
3.4. Network meta-analysis
3.4.1. Network diagram. We compared all of the included
studies with results assessed based on the THI and effective rate.
Network diagrams were constructed incorporating the studies
into quality-based displays on a network map that visually
showed the distribution of the studies (Fig. 4A,B). The NMA
diagram was drawn in Stata 15.1 software. No link indicated the

http://www.md-journal.com
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absence of direct comparative evidence. The size of treatment
nodes was weighted by the number of patients, while the width of
the edges, each representing a pairwise comparison, was
weighted by the number of studies.

3.4.2. Tinnitus Handicap Inventory. Eight studies (5 arms, 668
patients) were included in the analysis of the changes in the THI
score. The THI analysis included 5 sound therapy programs:
sound stimulation, sound stimulation with educational consulta-
tion, sound stimulation with drug therapy, no treatment, and
educational consultation.

3.4.2.1. Convergence and heterogeneity evaluation. The
convergence of the Bayesian model constructed in this study was
evaluated inR software (version 4.0.4). The assessment showed that
the fluctuation of each Markov chain was small after 20,000
preiterations, and the iteration-varying trajectory tended to become
stable, suggesting that the model has converged to the stationary
target distribution and has a high degree of convergence. The
trajectory of the next 50,000 iterations did not obviously deflect,
which indicates that the model is less likely to converge to a local
solution. According to the convergence diagnostics, the change in
THI scores converged rapidly to 1 after 20,000 preiterations,
indicating that the results betweendifferent chains tended tobe equal
and suggesting that the convergence of themodel is satisfactory. The
satisfactory convergence means that the total number of iterations
was sufficient. Therefore, the Bayesian model constructed in this
study could effectively predict the posterior distribution of the
parameters. Statistical heterogeneity was assessed for the NMA
using the I2 statistic and the overall I2 statistic was 8%, indicating
that there was no important heterogeneity.

3.4.2.2. Consistency assessment. The DIC was used to
compare the difference in the degree of fit between the consistency
model and inconsistency model. The DIC values of the 2 models
were both relatively large, with a difference of 0.424, which
means that the 2 models fit each other well, indicating a relatively
stable result. Therefore, the consistency model was used.
Meanwhile, we used the node-splitting method to identify the
local inconsistencies with P values >.05 in each pairwise meta-
analysis. The results indicated good consistency among the
studies.

3.4.2.3. Network analysis. The main results of the network
meta-analysis are presented in Figure 3C. The comparison
between different treatments results are listed to the left of the
diagonal, the effect sizes are given as the MDs with 95% CIs.
Significant pairwise comparisons are in red. Only sound
stimulation, TRT, and sound stimulation combined with drug
therapy performed significantly better than no treatment.
We also constructed a curve of the cumulative rank

probabilities of the treatments. From the rank probability plot,
sound stimulation combined with drug therapy, sound stimula-
tion combined with educational consultation, and sound
stimulation alone yielded relatively higher changes in THI scores,
while no treatment and educational consultation alone yielded
relatively lower changes in THI scores (Fig. 4E).

3.4.3. Effective rate

3.4.3.1. Convergence and heterogeneity evaluation. We also
applied a burn-in phase of 50,000 iterations after 20,000
12
annealing algorithms to evaluate convergence. The results
showed that the group had good convergence and that the
model was reliable. I2 was 0%, which indicated no important
heterogeneity.

3.4.3.2. Consistency assessment. A difference of 0.711 points
in this group suggested that there was no important difference,
and the consistency model was used. We also used the node-
splitting method to find local inconsistencies, and the results
indicated good consistency among the reports.

3.4.3.3. Network analysis. The main results of the network
meta-analysis are outlined in Figure 4D. The effect sizes are given
as the ORs with 95% CIs and the significant pairwise
comparisons are in red.
The cumulative rank probability indicated that the clinical

treatments ranked from most to least effective were as follows:
sound stimulation with educational consultation and drug
therapy, sound stimulation with educational consultation, sound
stimulation with drug therapy, sound stimulation alone, drug
therapy alone, and no treatment (Fig. 4F).
3.5. Sensitivity analysis

The sensitivity analysis showed that the removal of any individual
article did not have a significant impact on the final result.
Therefore, the results of the meta-analysis are reliable.
3.6. Publication bias

As shown in Figure 4G, the points were concentrated at the top of
the plot, and the generally observed symmetry indicated that
there was no obvious publication bias or small-sample effect.
However, 1 point was identified at the bottom of the funnel plot
and outside the outline. In Figure 4H, the points were distributed
symmetrically in the center of the image, and 3 points were
identified at the bottom of the funnel plot which indicated that
there was no significant publication bias, although there may be a
small-sample effect.
4. Discussion

Tinnitus imposes a burden worldwide and serious complications
can develop from the accompanying psychological and psycho-
somatic symptoms.[15] Sound therapy is a non-invasive treatment
with broad applicability, and almost all patients qualify for this
treatment. However, there is still a lack of evidence regarding the
efficacy of sound therapy. The aim of this NMAwas to assess the
efficacy/effectiveness of sound therapy for the treatment of
tinnitus. To accomplish this, 22 RCTs with 1522 participants
were analyzed. This is the first NMA on this topic. NMA was
used to determine the most effective treatment for tinnitus based
on not only direct comparisons in RCTs but also indirect
comparisons among studies.
The results of our meta-analysis not only preliminarily

confirmed that sound therapy can significantly reduce the
symptoms of tinnitus but also yielded a ranking of treatments
in order of efficacy. In addition, combination therapies have been
demonstrated to perform better than individual treatments. To
evaluate the efficacy of sound therapy as comprehensively as
possible, we analyzed the total effective rate and the changes in
the THI and TQ.
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4.1. Conditions of relevant existing studies

One meta-analysis[37] was conducted in 2017 on the efficacy of
sound therapy and conventional medical therapy for the
treatment of tinnitus, and the results indicated that sound
therapy led to a significantly greater overall reduction in the THI
score (X2=2.92; df=2; P= .23; I2=31%; P< .0001) and visual
analog scale score (X2=0.25; df=1; P= .62; P= .01) than drug
therapy. The results for the total effective rate were similar (OR=
4.72; 95% CI, 3.45, 6.47; P< .00001). However, that meta-
analysis included non-randomized controlled studies and low-
quality studies, thereby decreasing the reliability of the findings.
4.2. Strengths and weaknesses of the study

This NMA has several strengths. First, to the best of our
knowledge, this is the first NMA evaluating the evidence base for
the use of different sound therapies for the treatment of tinnitus.
Second, the literature search was comprehensive, and the
systematic review was performed according to the PRISMA
guidelines and, included all relevant studies published to date. To
ensure the reliability of the conclusions, we retrieved, screened,
and included previously published high-quality RCTs on the use
of sound therapy for the treatment.
However, the following important limitations of this study

need to be considered. First, some factors, such as different (a)
criteria for the effective rate; (b) educational consultation
programs; (c) frequencies and durations of treatment; and (d)
types of sound stimulation, including masking therapy, music
therapy, and customized sound therapy among the studies could
have led to heterogeneity. Subgroups were not analyzed due to
the small sample size and lack of detailed classification in the
original literature. Second, there was heterogeneity in most of the
outcomes among the included studies, which was attributed to
the outcome measurements being based on the patients’
subjective experience and the lack of standardization of the
outcome assessment. Third, indirect/mixed treatment compar-
isons and NMAs are still being developed and are of limited
statistical value, even though they have a very promising future.
Fourth, due to the number of high-quality original RCTs, the
samples of the included studies were limited, and Chinese
publications comprised more than half of the primary data,
which may lead to some publication bias. However, we have
conducted publication bias by funnel plots, and the results
indicated that there was no obvious publication bias. Fifth, sleep
disturbance has long been recognized as the single most
important complaint among adults with tinnitus,[38] however,
we could not assess the treatment efficacy using the insomnia
scale because of the limitation of the original studies assessing
sleep condition.

4.3. Research needs

Based on the results of our study, we suggest that future studies
focus on the following: (a) A standardized outcome measurement
needs to be determined. (b) Categorizing and grouping the
tinnitus population according to the baseline data, such as the
causes and severity of the disease and age. (c) Different
intervention protocols including educational consultation pro-
grams; frequencies and durations of treatment; and types of
sound stimulation should be categorized and grouped for
comparison. (d) Establishing standardized follow-up criteria in
large sample studies to evaluate short- and long-term treatment
13
impact and safety. (e) Multiple questionnaires should be used to
more accurately capture the functional impact of disease and
treatment, such as the Tinnitus Primary Function Question-
naire,[39] which is focused on patients’ 4 primary reactions to
tinnitus, emotions, hearing, sleep, and concentration, and it is
considered responsive to treatment-related changes to scale the
overall severity of tinnitus. (f) The results of the included studies
are based on the various questionnaires which are subjective and
maybe a source of heterogeneity. Nevertheless, in recent years,
various studies have reported that tinnitus patients have elevated
metabolic levels in some areas of the cerebral cortex compared
with people without tinnitus, according to imaging examinations,
such as Positron Emission Computed Tomography (PET),
functional magnetic resonance imaging (fMRI) and functional
near - infrared spectroscopy (fNIRS). Thus, these technologies
may be a promising method to be used as objective measurements
and criteria for the diagnosis of tinnitus and the determination of
clinical efficacy to enhance the objectivity and accuracy of the
results.
5. Conclusion

This is the first NMA comparing the efficacy of sound therapy
with that of other treatments, and the results showed that sound
therapy yielded the greatest reduction in tinnitus severity and
improvement in quality of life. Furthermore, combination
therapies such as TRT, sound stimulation with drug therapy,
and sound stimulation with educational consultation were the
most effective treatments for patients with tinnitus. However,
more high-quality trials with large sample sizes and longer
follow-up periods are needed.
Acknowledgments

We acknowledge all the authors who contributed.
Author contributions

Conceptualization: Hui Liu, Ting Yang.
Data curation: Xin Wang, Wen Zhang.
Formal analysis: Ting Yang, Yuan Shuang Yang.
Investigation: Ting Yang, Jin Zhang.
Methodology: Hui Liu, Ting Yang.
Project administration: Hui Liu, Ting Yang.
Software: Ting Yang, Yuan Shuang Yang.
Supervision: Hui Liu, Jin Zhang.
Validation: Hui Liu, Xin Wang, Wen Zhang.
Writing – original draft: Ting Yang.
Writing – review & editing: Hui Liu, Ting Yang, Ying Jia Li.
References

[1] Kim HJ, Lee HJ, An SY, et al. Analysis of the prevalence and associated
risk factors of tinnitus in adults. PLoS One 2015;10:e0127578.

[2] Carol A, Bauer MD. Tinnitus. N Engl J Med 2018;378:1224–31.
[3] McCormack A, Edmondson-Jones M, Somerset S, Hall D. A systematic

review of the reporting of tinnitus prevalence and severity. Hear Res
2016;337:70–9.

[4] Rhee J, Lee D, Suh MW, et al. Prevalence, associated factors, and
comorbidities of tinnitus in adolescents. PloS One 2020;15:e0236723.

[5] Baguley D, McFerran D, Hall D. Tinnitus. Lancet 2013;382:1600–7.
[6] McCormack A, Edmondson-Jones M, Fortnum H, et al. The prevalence

of tinnitus and the relationship with neuroticism in a middle-aged UK
population. J Psychosom Res 2014;76:56–60.

http://www.md-journal.com


Liu et al. Medicine (2021) 100:41 Medicine
[7] Wang H, Tang D, Wu Y, Zhou L, Sun S. The state of the art of sound
therapy for subjective tinnitus in adults. Ther Adv Chronic Dis
2020;11:1–22.

[8] Cima REF, Mazurek B, Haider H, et al. A multidisciplinary European
guideline for tinnitus: diagnostics, assessment, and treatment. HNO
2019;67:S10–42.

[9] Tunkel DE, Bauer CA, Sun GH, et al. Clinical practice guideline: tinnitus.
Otolaryngol Head Neck Surg 2014;151:S1–40.

[10] Chenjin W, Zhao H, Zhao H. A review of tinnitus sound therapy. J Chin
Ophthalmol Otorhinolaryngol 2018;8:174–9.

[11] Li G, Li M, Zhang J. Mechanism and research progresses of personalized
music in the treatment of tinnitus. J Clin Otorhinolaryngol Head Neck
Surg (China) 2021;35:91–5.

[12] Sun H, Feng G, Gao Z. Clinical application of sound therapy in chronic
subjective tinnitus. J Clin Otorhinolaryngol Head Neck Surg (China)
2021;35:282–5.

[13] Wei Hong Jin, Tao Li. Clinical research progress on tinnitus therapy.
Chin J Otoorhinolargngol Skull Base Surg 2020;26:590–3.

[14] PageMJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement:
an updated guideline for reporting systematic reviews. Int J Surg 2021;
(prepublish).

[15] Hiller W, Haerkötter C. Does sound stimulation have additive effects on
cognitive-behavioral treatment of chronic tinnitus? Behav Res Ther
2005;43:595–612.

[16] Caffier PP, Haupt H, Scherer H, Mazurek B. Outcomes of long-term
outpatient tinnitus-coping therapy: psychometric changes and value of
tinnitus-control instruments. Ear Hear 2006;27:619–27.

[17] WangX,WuY, ZhangH. A clinic nursing research on the effect of sound
information therapy in treating patients of tinnitus associated with
sensorinueral hearing loss. Clin J Mod Nurs 2010;16:2764–6.

[18] Westin VZ, Schulin M, Hesser H, et al. Acceptance and commitment
therapy versus tinnitus retraining therapy in the treatment of tinnitus: a
randomised controlled trial. Behav Res Ther 2011;49:737–47.

[19] Deng L, Zhou H, Zhen Y. Clinical observation and treatment on 687
cases of subjective tinnitus. J Xianning Univ 2012;26:18–20.

[20] Yang H. The efficacy of sound therapy in tinnitus patients. Milit Med J
Southeast China 2014;26:192–3.

[21] Luo S, Zhou Y, Luo Y. Clinical analysis and observation on 20 cases of
sound information therapy in tinnitus treatment. Clin J PrimMed Pharm
2014;21:29–30.

[22] Liu Z, Liang Y, Yang C, et al. The clinical efficacy of composite acoustic
therapy in patients of sudden deafness with tinnitus. J Clin Otorhinolar-
yngol Head Neck Surg (China) 2015;29:330–3.

[23] Zhang Y, Chen Y, Dai R. Clinical observation on masking treatment.
Shanxi Med J 2015;44:2967–9.

[24] HenryF JA , Stewart BJ, Griest S, et al. Multisite randomized controlled
trial to compare two methods of tinnitus intervention to two control
conditions. Ear Hear 2016;37:e346–59.
14
[25] Wang R, Pi L, Chen H, et al. The early application of TRT in the
treatment of sudden deafness combined with tinnitus. J Hebei Med Univ
2018;1:107–10.

[26] Han X. The efficacy of sound information apparatus on 60 sensorinueral
tinnitus cases. For All Health 2017;11:269–70.

[27] Bauer CA, Berry JL, Brozoski TJ. The effect of tinnitus retraining therapy
on chronic tinnitus: a controlled trial. Laryngoscope Investig Otolar-
yngol 2017;2:1–12.

[28] Wang X, Tan Y, Wu X, et al. Clinical study on sound therapy combined
with Erlong Zuoci Pills to treat tinnitus with liver and kidney-in
deficiency. J Hebei TCM Pharmacol 2018;33:26–8.

[29] Liu Z, Zhao X, Xiong B, et al. Efficacy of intratympanic injection of
lidocaine combined with compound sound and psychological counseling
for patients with sudden deafness associated with tinnitus and its effect
on quality of life. Chin Arch Otolaryngol Head Neck Surg 2018;25:
481–4.

[30] He J, Zhu Q, Guan L, et al. The effect of multiple complex sound therapy
for the primary tinnitus. China Health Standard Manage 2018;9:
61–3.

[31] Zhang Y. The treatment efficacy of multiple mixed pure frequency sound
in tinnitus patients. Women’s Health Res 2020;8:121.

[32] Radunz CL, Okuyama CE, Branco-Barreiro FCA, Pereira RMS, Diniz
SN. Clinical randomized trial study of hearing aids effectiveness in
association with Ginkgo biloba extract (EGb 761) on tinnitus
improvement. Braz J Otorhinolaryngol 2020;86:734–42.

[33] Scherer RW, Formby C. Tinnitus Retraining Therapy Trial Research
GroupEffect of tinnitus retraining therapy vs standard of care on tinnitus-
related quality of life: a randomized clinical trial. JAMA Otolaryngol
Head Neck Surg 2019;145:597–608.

[34] Xiao L. The treatment efficacy of sound information therapy
apparatus on sensorinueral tinnitus. J Chin Healthcare Nutr 2020;
30:68.

[35] Zhang Q, Shi L, Li Q. The impact on the prognosis of tinnitus patients
treated by five-element-music of TCMwith wechat subscription account
on the management concept of tinnitus. J Chin Ophthalmol Otorhino-
laryngol 2019;9:87–9.

[36] Luo H, Guo W, Luo N. The observation on 60 cases based “tinnitus
expert,” personalized music combined with online rehabilitation. Jiangxi
Med J 2020;55:586–7.

[37] Jiang Y, Hua Q, Yang K, et al. The efficacy of sound therapy and
conventional medical treatment in the treatment of chronic tinnitus: a
meta-analysis. J Audiol Speech Pathol 2017;25:651–5.

[38] Tyler R, Perreauf A, Mohr AM, Ji H, Mancini PC. An exploratory step
toward measuring the “meaning of life” in patients with tinnitus and in
cochlear implant users. J Am Acad Audiol 2020;31:277–85.

[39] Tyler R, Ji H, Perreau A, Witt S, Noble W, Coelho C. Development and
validation of the tinnitus primary function questionnaire. Am J Audiol
2014;23:260–72.


	Efficacy of sound therapy interventions for tinnitus management
	1 Introduction
	2 Materials and methods
	2.1 Systematic search strategy and study selection
	2.2 Quality assessment
	2.3 Statistical analysis
	2.3.1 Pairwise meta-analysis
	2.3.2 Network meta-analysis

	2.4 Sensitivity analyses
	2.5 Publication bias
	2.6 Ethics and dissemination

	3 Results
	3.1 Search results and study characteristics
	3.2 Risk-of-bias assessment
	3.3 Pairwise meta-analysis
	3.3.1 Tinnitus Handicap Inventory
	3.3.1.1 Sound stimulation vs no treatment
	3.3.1.2 Sound stimulation with educational consultation vs sound stimulation
	3.3.1.3 Sound stimulation with educational consultation vs educational consultation
	3.3.1.4 Sound stimulation with educational consultation vs no treatment

	3.3.2 Effective rate
	3.3.2.1 Sound stimulation vs drug therapy
	3.3.2.2 Sound stimulation with drug therapy vs drug therapy alone
	3.3.2.3 Sound stimulation with educational consultation vs sound stimulation alone
	3.3.2.4 Sound stimulation with educational consultation and drug therapy vs drug therapy alone

	3.3.3 Tinnitus questionnaire

	3.4 Network meta-analysis
	3.4.1 Network diagram
	3.4.2 Tinnitus Handicap Inventory
	3.4.2.1 Convergence and heterogeneity evaluation
	3.4.2.2 Consistency assessment
	3.4.2.3 Network analysis

	3.4.3 Effective rate
	3.4.3.1 Convergence and heterogeneity evaluation
	3.4.3.2 Consistency assessment
	3.4.3.3 Network analysis


	3.5 Sensitivity analysis
	3.6 Publication bias

	4 Discussion
	4.1 Conditions of relevant existing studies
	4.2 Strengths and weaknesses of the study
	4.3 Research needs

	5 Conclusion
	Acknowledgments
	Author contributions
	References


