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Background: Tinnitus accounts for a significant proportion of the factors that cause insomnia, and insomnia, in turn, aggravates 
tinnitus. Given that tinnitus and insomnia have a bidirectional relationship, tinnitus-associated insomnia is prevalent. Nonetheless, 
current treatments including medication and psychological therapies for tinnitus-associated insomnia do not yield satisfactory efficacy, 
thereby making it challenging to manage. Although acupuncture is a potentially effective treatment option, the current evidence on the 
efficacy and safety of acupuncture for tinnitus-associated insomnia remains inconclusive. Therefore, this systematic review and 
analysis protocol aims to investigate whether acupuncture is beneficial for tinnitus-associated insomnia with an acceptable safety 
profile.
Methods: Nine mainstream English-language and Chinese-language databases will be searched to include qualified RCTs and meta- 
analyses will be conducted by combining extracted data using RevMan 5.3. The risk of bias 2.0 tool recommended by Cochrane will 
be adopted to evaluate the methodological quality of the included RCTs. The Grading of Recommendations, Assessment, 
Development, and Evaluation (GRADE) approach will be utilized to appraise the strength and certainty of evidence. Where available, 
we will also perform sensitivity analyses, publication bias and subgroup analysis.
Discussion: Expected results from our systematic review and meta-analysis will verify the efficacy and safety of acupuncture in 
tinnitus-associated insomnia. The evidence generated by this review will help patients and clinicians make informed treatment 
decisions.
Keywords: systematic review, meta-analysis, acupuncture, tinnitus, insomnia

Introduction
Rationale
Insomnia is characterized by impairment of the ability to initiate, maintain, or obtain quality sleep. Among the adult 
population, there is an annual prevalence of between 35 and 50% of insomnia symptoms and 12–20% of insomnia 
disorders.1 One of the common causes of insomnia is tinnitus, which describes the perception of hearing noise without a 
corresponding external stimulus. The proportion of tinnitus patients who seek help for sleep disorders is fairly high, and 
is reported to range from 50% to 77%.2–6 Insomnia associated with tinnitus can impair patients’ concentration and result 
in mood disorders such as anger and frustration,7–9 which lead to poor quality of life.

The close relationship between tinnitus and insomnia has been explored for decades.6 However, the mechanisms and 
modifying factors that lead to insomnia in tinnitus patients remain inconclusive.6 Wallhäusser-Franke et al hypothesized 
that tinnitus and sleep disturbances may share similar physiological mechanisms, which involve increased sympathetic 
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nervous system activation-induced hyper-arousal.10 Other scholars concluded that insomnia and tinnitus are maintained 
by dysfunctional beliefs and negative emotion.11,12 And what seems to be well recognized, is that the two react to each 
other.12,13 A large amount of tinnitus patients with insomnia tend to blame their sleep problems on tinnitus noise, despite 
the lack of convincing evidence of a direct connection. Severe sleep disturbances are often accompanied by an increase in 
the loudness of tinnitus, which in turn leads to worse sleep quality.10,13

Currently, tinnitus-associated insomnia is mainly treated with sedative-hypnotic medication. In recent years, with the 
emphasis being placed on the use of psychotherapy for treating tinnitus-associated insomnia, cognitive behavioral 
therapy (CBT) has also started to gain popularity. Other alternative therapies are also emerging, such as bee-humming 
respiratory training.14 Nonetheless, not all patients respond to medication and adverse drug reactions such as nausea, 
sleepiness and excessive fatigue can limit the use of pharmacotherapy. In addition, although psychological therapies like 
CBT are useful, they remain difficult to popularize allover the world due to the limitation of high cost and the difficulty of 
finding skilled psychotherapists in some areas. As a result, complementary and alternative medicine (CAM) are likely to 
provide optional treatment approaches for patients with tinnitus-associated insomnia.

Acupuncture therapy is an important element of CAM. Various types of acupuncture, such as auricular acupuncture 
(AA), electroacupuncture (EA), manual acupuncture (MA), have been widely used for treating both tinnitus15 and 
insomnia in clinical trials and scientific research. There are also multiple related systematic reviews and meta-analyses. 
However, all of them16–19 merely focus on the effect of acupuncture on insomnia, irrespective of tinnitus-associated 
insomnia. And the bulk of these published systematic reviews and meta-analyses20–22 simply concentrate on the effect of 
acupuncture on tinnitus, irrespective of its frequent comorbid conditions like insomnia. However, owing to the fact that 
tinnitus and insomnia have a bidirectional correlation and tinnitus-associated insomnia is fairly common in clinical 
settings, it is important to clarify whether acupuncture is beneficial and safe for tinnitus-associated insomnia. 
Nonetheless, the overwhelming majority of published studies just concentrate on the effect of acupuncture on either 
tinnitus or insomnia. To date, the investigation of acupuncture for treating tinnitus-associated insomnia has been rather 
inadequate, thereby resulting in a lack of definite evidence. As far as we are concerned, no prior studies have attempted 
the well-regarded approach of conducting a systematic review and meta-analysis to determine the efficacy and safety of 
acupuncture for tinnitus-associated insomnia. Therefore, we report this protocol for a systematic review and meta- 
analysis that focuses on this important clinical question.

The feasibility of conducting our study is elucidated as follows. First, insomnia-related outcomes are major 
components of the reported outcomes in trials involving acupuncture for tinnitus.23–25 In addition, tinnitus-associated 
insomnia is very common in clinical practice, so it is likely to include sufficient quantity of qualified trials for conducting 
a systematic review and meta-analysis that targets the evidence synthesis of acupuncture in tinnitus-associated insomnia. 
Second, there are some relevant published RCTs5 or systematic reviews/meta-analyses26,27 that focus on the effect of a 
specified therapy in insomnia associated with other diseases (eg, tinnitus, depression), so we can refer to such studies to 
guide the methodology and implementation procedures (eg, eligibility criteria for the included trials, outcome measures 
of interest) for our present study protocol.

Taken together, it is significant and feasible to conduct our present systematic review and meta-analysis protocol that 
aims to clarify whether acupuncture is beneficial for treating tinnitus-associated insomnia with an acceptable safety 
profile.

Objective
The objective of this systematic review and meta-analysis protocol is to evaluate the evidence of the efficacy and safety 
of acupuncture in tinnitus-associated insomnia.

Methods
We referred to the universally validated checklist of the Preferred Reporting Items for Systematic Review and Meta- 
Analysis Protocols (PRISMA-P, as shown in Supplementary Table 1)28 while developing this systematic review and 
meta-analysis protocol. Additionally, in order to increase research openness, we also registered our protocol with the 
registration number CRD42022349718 in the International Prospective Register of Systematic Reviews (PROSPERO).
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Eligibility Criteria
The widely accepted PICOS components for conducting a systematic review and meta-analysis will be used to determine 
the trials’ eligibility, which are displayed in detail as follows.

Study Designs
Regardless of publication language, the eligible study type for our systematic review and meta-analysis is planned to be 
restricted to randomized controlled trials (RCTs) that seek to investigate the effectiveness of acupuncture therapy for 
tinnitus-associated insomnia. Notably, if the main purpose of the original RCT is to evaluate the efficacy of acupuncture 
in tinnitus but specific insomnia-associated outcome measure is also one component of the main outcomes of the study, 
such an RCT will also be eligible to be included. Additionally, for crossover RCTs that are enrolled, we will only include 
the initial results of the two groups prior to crossover in the meta-analysis by referring to similar studies.29 Non-RCTs, 
case series, reviews, or other ineligible study categories will not be considered in this systematic review and meta- 
analysis.

Participants
Participants have definitive diagnosis of tinnitus, meanwhile, they have clinically significant insomnia caused by tinnitus, 
which was evaluated by validated insomnia-related scales (eg, the Insomnia Severity Index (ISI) and Pittsburgh Sleep 
Quality Index (PSQI)) and/or polysomnography. Standard diagnostic criteria of insomnia will also be referred to, to assist 
in the confirmation of participants’ eligibility, such as the Diagnostic and Statistical Manual of Mental Disorders (Fourth 
Edition (DSM-IV),30 or Fifth Edition (DSM-5),31 and the Third version of the International Classification of Sleep 
Disorders (ICSD-3).32 Participants diagnosed with primary insomnia, organic sleep disorders or insomnia caused by non- 
tinnitus related diseases will be excluded. No restrictions will be imposed on the age, gender, and nationality of 
participants.

Interventions in the Experimental Group
The experimental group should use acupuncture therapy. The experimental group may employ acupuncture alone or in 
conjunction with specific positive treatments that are identical to those used in the control arm. Notably, the acupuncture 
therapy is prospectively defined as those acupuncture modalities requiring the insertion of acupuncture needles in our 
study, such as MA, EA, warming-needle moxibustion, and auricular acupuncture. This prospective definition of 
acupuncture therapy will contribute to decreasing clinical heterogeneity across the included studies. In such a scenario, 
studies adopting non-penetrating acupuncture techniques (eg, laser acupuncture, acupressure) are not allowed to be 
included.

Interventions in the Control Group
1. Active treatments proposed by guidelines,33–35 such as pharmacological treatment, CBT, music therapy, and sleep 

hygiene.
2. Placebo controls such as sham acupuncture.
3. Waiting list control.
4. No treatment.

Outcome Measures
We use comparable studies26,27 to identify the outcomes of interest in our protocol. Accordingly, at least one of the 
following outcome measures must be present in original trials that will be screened for eligibility.

Primary Outcome Measures 
Sleep quality evaluated by self-reported scales with proven validity and reliability, such as Insomnia Severity Index (ISI) 
and Pittsburgh Sleep Quality Index (PSQI), and/or objective sleep variables assessed by sleep detection devices, such as 
total sleep time, sleep onset latency, and sleep efficiency (ie, the proportion of sleep time relative to the time spent in 
bed).
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Secondary Outcome Measures 

1. Tinnitus-related scales with proven validity and reliability, such as the Visual Analog Scale VAS), tinnitus 
Handicap Inventory (THI), Tinnitus Questionnaire (TQ), Tinnitus Functional Index (TFI), and Tinnitus 
Handicap Questionnaire (THQ).

2. Anxiety-related questionnaires with acknowledged soundness, such as Hamilton Anxiety Scale (HAMA).
3. Depression-related scales with proven validity and reliability, such as Hamilton Depression Scale (HAMD) and 

Beck Depression Inventory (BDI).
4. Quality of life (QOL) evaluated using questionnaires with acknowledged validity and reliability.
5. Adverse events.

Sources for Trial Retrieval
A total of 9 representative databases will be subjected to a systematic search, including 5 databases using English 
language (PubMed, Web of Science, EMBASE, Cochrane Central Register of Controlled Trials, and Physiotherapy 
Evidence Database (PEDro)) and 4 databases using Chinese language (Chinese Biomedical Literature Database, Chinese 
National Knowledge Infrastructure, Wangfang database, and VIP Database for Chinese Technical Periodicals). We will 
search each database for potentially eligible RCTs from inception to April 2023.

Retrieval Strategies
The retrieval strategies mainly comprise 3 elements: 1) study type (eg, RCT, randomized clinical trial), 2) subjects (eg, 
tinnitus-associated insomnia, tinnitus-related insomnia, comorbid tinnitus and insomnia), and 3) interventions (eg, 
auricular acupuncture, electroacupuncture, manual acupuncture, warming-needle moxibustion). All appropriate terms 
related to these 3 components will be utilized to search the database. In English language databases, individual or 
combined search terms in English will be utilized. Respective search terms in Chinese will be utilized in Chinese 
language databases. In order to get the best level of retrieval sensitivity and comprehensiveness, our search strategies will 
combine both free text terms and subject terms (eg, Medical Subject Headings [MeSH] in PubMed). Table 1 represents 
the search strategies for PubMed, which can be adapted for the remaining databases by substituting MeSH with relevant 
subject terms (when available) and keeping the same free text terms.

Table 1 Search Strategies for PubMed

No. Search Items

#1 Randomized controlled trial [pt]
#2 Controlled clinical trial [pt]

#3 Randomized OR Randomised [Title/Abstract]

#4 Clinical trials [MeSH]
#5 Randomly [Title/Abstract]

#6 Trial [Title/Abstract]
#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6

#8 Insomnia [MeSH Terms] OR Sleep disorders [MeSH Terms] OR Tinnitus [MeSH Terms]

#9 (Tinnitus-related insomnia OR Tinnitus-associated insomnia OR Tinnitus-related sleep disturbance OR Tinnitus-associated sleep disturbance 
OR Comorbid tinnitus and insomnia OR insomnia OR sleep disorders OR sleep disturbance OR Tinnitus) [Title/Abstract]

#10 #8 OR #9

#11 Acupuncture Therapy [MeSH Terms]
#12 (acupuncture OR electroacupuncture OR electro-acupuncture OR manual acupuncture OR scalp acupuncture OR auricular acupuncture 

OR ear acupuncture OR warm needle OR warming-needle moxibustion or fire acupuncture OR acupoint catgut embedding OR intradermal 

needle OR triangular needle OR pricking blood OR bloodletting OR plum blossom needling OR OR acupoint injection) [Title/Abstract]
#13 #11 OR #12

#14 #7 AND #10 AND #13
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To prevent the potential omission of RCTs that are eligible, we will also carefully scan the references of previous 
related systematic reviews and meta-analyses in this field. In case of future updates of this systematic review, the Clinical 
Trials Registry (https://clinicaltrials.gov/), the World Health Organization’s International Clinical Trials Registry 
Platform (https://www.who.int/clinical-trials-registry-platform), and the Chinese Clinical Trial Registry (http://www. 
chictr.org.cn) will also be searched to find pertinent ongoing trials.

Study Selection Process
To eliminate duplicate retrieval records, the total retrieved records produced by all databases will be exported into 
EndNote (X9 version, Clarivate, USA) to remove the duplicate studies. In the first step of literature screening, two 
reviewers (L.F. and H.H.) will read the titles and abstracts of the imported publications independently to identify any 
possible RCTs that will meet the aforementioned eligibility criteria and exclude apparently irrelevant studies. In the 
second step of literature screening, the full text of all possible qualifying publications will be read to ultimately validate 
validity. If there is a dispute about whether to include a specific trial among the reviewers, it will be discussed with the 
third referee (H.G). Figure 1 summarizes the study selection process.

Data Extraction and Data Items
Two impartial reviewers (J.F and Y.G) will use a predefined form (as shown in Supplementary Table 2) to collect 
pertinent information data of the included trial, such as publication years, author names, study designs, sample sizes, 
participant characteristics, interventions in the experimental group and the control arm, the number of intervention 

Figure 1 Flow diagram of study selection.
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sessions, intervention duration, and outcome measures. After all eligible RCTs have been determined, for continuous 
data, means as well as standard deviations (SDs) will be collected. The Cochrane Handbook for Systematic Reviews of 
Interventions36 recommends that continuous data be transformed to means (SDs) in situations where they are presented in 
other ways (eg, median [interquartile range]). In regard to dichotomous data, each group’s total number of participants 
and respondents will be extracted. In addition, reviewers will email the respective authors to request missing data if 
related data are absent from the original publications. Any disputes between the two reviewers (J.F and Y.G) will be 
settled by referring to the third referee (H.G).

By extracting data for 12 randomly selected studies before fully extracting data for all included trials, the inter-rater 
agreements on the accuracy of data extraction will be evaluated using Kappa coefficients. Reviewers will get additional 
data extraction training if inter-rater consistency and accuracy are lacking.

Evaluation of the Methodological Quality
The methodological quality of each enrolled RCT will be evaluated by two raters (H.H. and L.F) independently with the 
risk of bias 2.0 (RoB 2.0) tool recommended by the Cochrane Collaboration.37 Five crucial domains will be used to 
evaluate each included study’s risk of bias: 1) the randomization method; 2) deviations from intended interventions; 3) 
missing outcome data; 4) measurement of outcomes; and 5) the selection of the reported result. A grade of “low”, “some 
concerns”, or “high” will be assigned to each domain. Additionally, reviewers will assign each trial’s overall ROB a 
rating of “low” (meaning low ROB in all domains), “some concerns” (meaning some concerns in at least one domain), or 
“high” (meaning high ROB in at least one domain, or some concerns in various domains). Arbitration with the referee 
(H.G) will be performed to settle any disagreements among the two raters.

Data Synthesis and Statistical Analysis
The effect size and its 95% CI will be calculated using the RevMan program (Version 5.30, Cochrane Collaboration, 
England) for the meta-analysis of pooled trials with extracted data. Meta-analyses will be undertaken using the random 
effects model due to the expected heterogeneity among the included studies arising from the probably diverse acupunc
ture protocols across each trial. The I2 statistic value is used by the χ2 test to measure heterogeneity across all included 
trials, and an I2 value more than 50% is regarded as significantly heterogeneous. Statistical significance is defined as two- 
sided P value less than 0.05 when analyzing pooled effects. Additionally, the reliability of meta-analysis results will be 
assessed by sensitivity analyses using the leave-one-out approach.

Subgroup Analysis
We will perform subgroup analyses based on the following criteria when they are available.

1. Different acupuncture techniques (eg, MA, EA).
2. The control arm’s different characteristics (eg, sham controls, active controls).
3. Different assessment points of main outcomes.

Assessment of Evidence Strength and Certainty
The strength and certainty of the evidence will be assessed using Cochrane’s Grading of Recommendations, Assessment, 
Development, and Evaluation (GRADE) approach. In detail, a general “confidence of evidence” rating that is split into 4 
categories (ie, high, moderate, low, and extremely low) will be used to characterize the strength and certainty of the 
evidence.38

Publication Bias
Funnel plots and the Egger test will be used to investigate publication bias if 10 or more trials are present in the meta- 
analysis.
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Ethics-Related Issues
This study does not need ethical approval because it will not incorporate any personal data.

Discussion
Acupuncture is the treasure of traditional Chinese medicine and has been used to treat both tinnitus and insomnia for a 
long time. Although the relevant mechanisms underlying acupuncture for treating tinnitus remain unclear, there are a few 
approaches in which acupuncture plays its role in relieving tinnitus: 1) affecting the olive cochlear nucleus; 2) stabilizing 
bilateral cochlear capillary blood flow; 3) activating cochlear hair cells.39 And research offers laboratory-based proof that 
acupuncture can alter the sleep-wake cycle by interfering with several levels of neurotransmitters and cytokines linked to 
insomnia, thereby improving sleep.40

The advantages of the current study will be discussed in the following manner. Firstly, all previous pertinent 
systematic reviews and meta-analyses16,19,41 in this field have exclusively focused on the effect of acupuncture on 
insomnia, irrespective of tinnitus-associated insomnia. Furthermore, the overwhelming majority of previous systematic 
reviews and meta-analyses have exclusively focused on the effectiveness of acupuncture for tinnitus,20–22 but omitting its 
effect on tinnitus-associated insomnia, which is a common comorbid condition of tinnitus. However, owing to the fact 
that tinnitus and insomnia have a bidirectional relationship, tinnitus-associated insomnia is a common and challenging 
disorder in real-world clinical settings and it deserves more attention and intensive investigation. As far as we are 
concerned, this is the first systematic review and meta-analysis that will focus on the efficacy and safety of acupuncture 
in tinnitus-associated insomnia. Expected results from this study will draw a firm conclusion and provide robust evidence 
in this field. Additionally, it may enrich the treatment approaches for tinnitus-associated insomnia by confirming a valid 
therapy for the treatment of tinnitus-associated insomnia.

Secondly, our systematic review and meta-analysis protocol will be thoroughly performed by referring to the 
PRISMA-P guideline.28 In order to include all eligible RCTs as far as possible, our study will undertake a thorough 
search that examines 9 mainstream English language and Chinese language databases. In addition, the GRADE method, 
which is advised by the Cochrane Collaboration, will be used to to appraise the strength and certainty of generated 
evidence. Sensitivity analysis, publication bias, and subgroup analysis will also be undertaken when they are available.

However, our study has several limitations. First of all, the bulk of the enrolled RCTs are anticipated to be carried out 
in China. Since publication bias appears to be more common in the field of CAM and China has a much higher 
percentage of published acupuncture RCTs with positive results than Western countries,42 publication bias may be 
present in our subsequent systematic review and meta-analysis, thereby reducing the robustness of subsequent results. 
Second, there is a chance that some qualified trials may not be included since just 9 mainstream English and Chinese 
databases will be searched.

Conclusion
In conclusion, this protocol lays out the rationale and intended methodology of a planned systematic review and meta- 
analysis that seeks to assess the evidence concerning the efficacy and safety of acupuncture for tinnitus-associated 
insomnia. Expected results and findings of this study will help patients and clinicians make informed treatment decisions 
based on evidence.
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