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Background: Fibromyalgia has imposed substantial burdens on patients’ health
and well-being, yet effective therapeutic options for this condition remain limited.
Recently, vagus nerve stimulation (VNS) has emerged as a promising therapy for
fiboromyalgia. Nonetheless, despite the increasing number of randomized clinical
trials (RCTs), current evidence remains inconclusive. Therefore, this protocol of
a systematic review and meta-analysis aims to synthesize the existing evidence
to clarify the efficacy and acceptability of VNS for treating fibromyalgia.

Methods: A comprehensive search for eligible RCTs will be conducted across
nine bibliographic databases, namely PubMed, Cochrane Library, Embase, AMED,
PsycINFO, PEDro, Chinese BioMedical Literature Database, Chinese National
Knowledge Infrastructure, and Wangfang database. Data obtained from the
included studies will be synthesized quantitively using RevMan 54.1 for meta-
analyses. The methodological soundness of included RCTs will be assessed via
the Cochrane’s updated risk of bias tool (version 2.0). Additionally, sensitivity
analyses, publication bias assessment, and subgroup analyses will be conducted
as appropriate. Finally, we will utilize the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) system to evaluate the
certainty for the body of evidence.

Conclusion: The findings of our study are anticipated to ascertain the efficacy
and acceptability of VNS as a promising treatment option for fibromyalgia.
This will not only fill current research gap but also identify potential areas for
future research. The findings will provide essential guidance for evidence-based
treatment decisions for fibromyalgia, benefiting both patients and clinicians.
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1 Introduction

Fibromyalgia stands as a predominant chronic pain condition,
characterized by widespread pain, fatigue, sleep disturbances,
cognitive dysfunction, and depression (1). Its pathogenesis is linked
to central sensitization, in addition to factors such as inflammation,
genetics, and psychosocial influences (2). The prevalence of
fibromyalgia exhibits significant geographical disparities, with rates
ranging from under 1% in Denmark to 2.4% in Spain, and from 2.0 to
3.3% in North America (3). Furthermore, the condition shows a
distinct gender difference, being more prevalent among women than
men, and it also demonstrates an increasing trend with advancing age.

Pharmacological interventions, such as duloxetine and pregabalin,
are frequently utilized in the management of fibromyalgia, providing
pain relief and enhancing overall patient functioning (4). Nonetheless,
pharmacotherapy for fibromyalgia can have certain side effects
associated with medication. Additionally, given that fibromyalgia is a
complex condition with both physical and psychological components,
patients can be benefit from non-pharmacological approaches such as
mindfulness meditation, body awareness therapies, and exercise
therapy (5), which address various facets of the disorder and improve
overall well-being. These non-pharmacological therapies can
potentially reduce the polypharmacy burden, provide symptom relief
with fewer side effects compared to medication, and improve overall
well-being. Furthermore, non-pharmacological treatments allow
patients to actively manage their condition, influencing lifestyle
factors like stress levels, and when combined with pharmacological
interventions, may provide additional benefits for patients. However,
despite the numerous available therapies, a noteworthy proportion of
patients exhibit a lack of active response to them. To date, there has
been a lack of therapies with widely recognized efficacy for
fibromyalgia. As a result, there is an urgent need for alternative
therapies that offer favorable efficacy, safety, and good tolerance (6).
Vagus nerve stimulation (VNS) has emerged as a promising technique
in the field of neuromodulation. It is indicated for the treatment of
various diseases across multiple systems, encompassing neurological
conditions (e.g., headache, migraine, tinnitus), psychological disorders
(e.g., depression, anxiety, insomnia), cardiovascular diseases (e.g.,
hypertension, heart failure), and gastrointestinal disorders (e.g.,
inflammatory bowel disease, functional dyspepsia) (7). Notably, the
Food and Drug Administration (FDA) granted approval for VNS in
the treatment of refractory epilepsy in 1997 and resistant depression
in 2005. The application of VNS can be broadly categorized into two
forms: invasive, which involves the implantation of stimulating
electrodes at the cervical branch of the vagus nerve, and noninvasive,
which employs transcutaneous modalities. When electrical
stimulation is specifically applied to the auricular branch of the vagus
nerve that is distributed in the concha or the lower half of the back ear,
it is referred to as transcutaneous auricular vagus nerve stimulation
(ta-VNS) (8, 9). ta-VNS has demonstrated a comparable modulatory
effect to the invasive vagus nerve stimulation (i-VNS), while exhibiting
a more favorable safety profile and ease of operation (10). In recent
decades, VNS has emerged as a promising new approach for treating
various kinds of chronic pain conditions such as fibromyalgia, as it has
been shown to reduce pain by modulating descending serotonergic
and noradrenergic neurons (11). These neurons play a pivotal role in
central sensitization, a process closely correlated with the pathogenesis
of fibromyalgia.
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1.1 The feasibility and significance of
conducting this study

To note, the feasibility and significance of conducting this
systematic review (SR) and meta-analysis can be highlighted as
follows. In recent years, there has been a notable rise in clinical trials,
(RCTs),
investigating the therapeutic effect of VNS on fibromyalgia. For

including randomized controlled trials aimed at
example, Lange et al. (12) conducted a trial to explore the efficacy
and tolerance of i-VNS in patients with fibromyalgia. The results
demonstrated a favorable efficacy and tolerance to i-VNS treatment.
Another RCT (13) conducted in 2020 investigated the efficacy of
ta-VNS in combination with exercise on 60 patients with
fibromyalgia, ultimately leading to significantly reduced pain
intensity. However, the comparison between the treatment group,
which received ta-VNS combined with exercise, and the control
group, which solely underwent exercise, revealed no statistically
significant between-group differences. In addition, a more recent
RCT (14) published in 2022 sought to compare the therapeutic
of ta-VNS, ta-VNS,
diaphragmatic breathing for treating fibromyalgia. The results of this

effects sham and meditation-based
RCT revealed significant inter-group differences in overall
fibromyalgia severity, while it did not manifest noteworthy
differences in average pain intensity across different groups.
Furthermore, there are several ongoing RCTs or trials (15-17) with
upcoming results to be published. Despite the increasing number of
trials in this field, however, the current body of literature exhibits a
dearth of accessible SRs and meta-analyses concerning the efficacy
and acceptability of VNS for fibromyalgia treatment, thus hindering
the establishment of definitive conclusions. Consequently, our study
aims to address this research gap by contributing valuable insights
in this area. Moreover, the publication of the aforementioned trials
makes it feasible to perform our study because it is expected to
incorporate a sufficient number of eligible trials into the SR and
meta-analysis. As discussed above, the significance and feasibility of
this SR and meta-analysis are well-founded.

1.2 Research objective

Since that the review question for our SR and meta-analysis is
whether VNS is effective for fibromyalgia with favorable acceptability,
the objective of our study is to systematically synthesize the evidence
concerning the efficacy and acceptability of VNS in fibromyalgia.

2 Methods

Our present study protocol is carefully designed and reported
based on the guideline of the Preferred Reporting Items for Systematic
Reviews and Meta-analysis Protocols (PRISMA-P) (18) (as shown in
Supplementary material).

2.1 Prospective registration

This reported protocol is specified in advance and registered in the

International Prospective Register of Systematic Reviews
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(PROSPERO) platform in advance with the identification
number CRD42023449232.

2.2 Eligibility criteria for included studies

The criteria for the inclusion of eligible studies are meticulously
designed according to the “PICOS” (i.e.; P for participants, I for
interventions, C for controls, O for outcome measures, and S for study
designs) framework.

2.2.1 Participants

The eligibility criteria for participants are adults (aged >18years)
who have a definite diagnosis of fibromyalgia using one of the widely
accepted criteria built by the American College of Rheumatology
[versions published in 1990 (19), 2010 (20) or 2016 (21)].

2.2.2 Interventions

Eligible interventions will be restricted to VNS, which is
performed via placement of the vagus nerve stimulator. As the efficacy
of VNS for fibromyalgia is undetermined, the intervention group’s
eligibility criteria will be limited to the use of VNS alone. VNS
combined with other active interventions will not be considered in
this context. Alone No limitations will be imposed on the types (e.g.,
invasive, or noninvasive VNS), stimulator models, and stimulus
parameters of VNS.

2.2.3 Comparisons
1. No intervention or waiting list control;
2. Placebo/sham controls (e.g., sham VNS, placebo medication).

2.2.4 Outcome measures

Drawing from references to similar SRs and meta-analysis studies
in this field (22-24), our study focuses on several key outcome
measures. These measures include pain intensity, fatigue, sleep quality,
psychological disorders, quality of life, and patient acceptability. To
be considered for inclusion in our study, a study must report at least
one of the above-mentioned outcome measures.

2.2.4.1 Primary outcome

The primary outcome is pain intensity measured by the Visual
Analog Scale (VAS) and/or other validated instruments such as
Numeric Rating Scale (NRS), Verbal Rating Scale (VRS), Brief Pain
Inventory (BPI), and short-form McGill Pain Questionnaire
(SE/MPQ).

2.2.4.2 Secondary outcomes
2.2.4.2.1 Fatigue

Fatigue associated with fibromyalgia can be measured by
standardized scales, such as Multidimensional Fatigue Inventory
(MFI), Fatigue Severity Scale, and Multidimensional Assessment of
Fatigue Global Index.

2.2.4.2.2 Sleep quality

The assessment of sleep quality can be effectively accomplished
using self-reported scales that have demonstrated both reliability and
validity (e.g., the Pittsburgh Sleep Quality Index (PSQI), the Insomnia
Severity Index (ISI)).

Frontiers in Neurology

10.3389/fneur.2024.1367295

2.2.4.2.3 Psychological disorders

Psychological disorders (e.g., depression, anxiety) associated with
fibromyalgia can be measured by standardized questionnaires, for
examples, Beck Depression Inventory (BDI) and Hamilton Depression
Scale (HAMD) for evaluating depression, and Self- Assessment Scale
for Anxiety (SAS) for evaluating anxiety.

2.2.4.2.4 Quality of Life (QoL)

QoL can be evaluated by multiple standardized scales, such as the
Fibromyalgia Impact Questionnaire (FIQ), the General Health
Questionnaire (GHQ), and the Short Form 36 Health Survey (SF-36).

2.2.4.2.5 Patient acceptability

Patient acceptability is characterized by the number of
discontinuations attributed to adverse reactions associated with VNS
or the control treatment. This outcome will be quantified by the
proportion of participants who withdraw from the trial for any reason,
relative to the total number of patients initially randomly assigned to
each group.

2.2.5 Study designs

The eligible type of studies will be restricted to RCTs. Additionally,
only studies published in English and Chinese language will
be included due to the research team’s inability to finance translation
services for other foreign languages. Studies will be excluded if they
are non-RCTs, trials without a control group, utilize comparators that
not included in the above predetermine list, or contain fewer than five
participants in any treatment arm.

2.3 Identification of eligible studies and
search strategy

2.3.1 Identification of studies via databases and
registry platforms

A comprehensive search will be performed across the subsequent
bibliographic databases: PubMed, Cochrane Library, Embase, AMED,
PsycINFO, PEDro, Chinese BioMedical Literature Database (CBM),
Chinese National Knowledge Infrastructure (CNKI), and Wangfang
database. Potentially eligible publications in these databases will
be searched from inception to 31 December, 2023. Additionally, an
add-on search will be conducted by thoroughly searching five
prominent clinical trial registry platforms: the ClinicalTrials.gov
registry, the International Clinical Trial Registration Platform (ICTRP),
the Chinese Clinical Trial Registry, the Australian New Zealand
Clinical Trials Registry (ANZCTR), and the ISRCTN registry. Our aim
is to identify ongoing trials containing unpublished data relevant to this
research topic. We will then contact the principal investigators of these
ongoing trials via email to request the most recent data.

To ensure a comprehensive search for eligible studies, we will
employ a well-established and rigorous search strategy. This strategy
will include a combination of subject headings, such as medical topic
heading words (MeSH) for PubMed, and relevant free text terms
related to fibromyalgia, vagus nerve stimulation, and randomized
controlled trials. Our planned search will not be limited by terms
relating to the types of control interventions used, thereby ensuring
the inclusion of all relevant studies comparing the effectiveness of
VNS therapy against any standard treatment or management option
for fibromyalgia.
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For the search strategy in PubMed, a detailed illustration is
provided in Table 1. Adapting this search strategy to the remaining
bibliographic databases will entail substituting MeSH terms with
relevant subject headings (when available), while maintaining
consistency with the use of relevant free text terms. The detailed
search strategies for the other databases were provided in the
Supplementary material.

2.3.2 Identification of studies through
supplementary approaches

To expand the potential pool of studies, we will conduct thorough
examinations of the reference lists of all identified publications to
supplement any additional eligible studies. Furthermore, we will
perform comprehensive searches and browse through relevant
associations, institutions, and preprint servers to uncover any
supplementary trials. Specifically, we will include preprint studies
from reputable platforms such as Research Square,! medRxiv,”> and
Arxiv.® Furthermore, we will explore grey literature, which includes
conference proceedings, academic dissertations, and government
reports, as potential sources of valuable information. The
incorporation of these supplementary approaches is intended to
enhance the comprehensiveness and robustness of our study
selection process.

2.4 Data acquisition and analysis

2.4.1 Study selection process

The inclusion and exclusion criteria will be applied to determine
potential eligible studies by screening the titles and abstracts of
corresponding papers initially, followed by a full-text screening by two
independent reviewers. Should discrepancies arise, a third senior
reviewer will arbitrate such conflicts. The illustration outlining the
procedure for study selection is presented in the PRISMA flowchart
(Figure 1).

2.4.2 Data collection and management

Upon inclusion of all eligible studies, two independent extractors
will use a standardized extraction form to collect relevant data and
information. The extracted data will be carefully cross-checked for
accuracy. The standardized extraction form will mainly encompass
demographic and clinical characteristics, including study design,
details of the study population, types of VNS (e.g., invasive,
noninvasive), stimulation parameters of VNS (e.g., stimulation
frequency, pulses, intensity), types of comparator interventions,
treatment frequency and durations, outcome measurements, and
other pertinent details. For continuous data in each group of the
original trial, the mean value and standard deviation (SD) will
be extracted along with the total number of participants. When
continuous data are reported as median (range) and/or median
(interquartile range (IQR)), we first contact the study authors to
request the mean (SD) data. If no reply is obtained from the authors,
we will adopt the preferred method described by Wan et al. (25) to

1 www.researchsquare.com/
2  www.medrxiv.org/

3 www.arxiv.org/
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TABLE 1 Search strategy in PubMed.

No. ‘ Search items

#1 Randomized controlled trial [Publication type]

#2 Controlled clinical trial [Publication type]

#3 Random* [Title/ Abstract]

#4 Clinical trials [MeSH]

#5 Randomly [Title/ Abstract]

#6 RCT [Title/Abstract]

#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6

#8 Humans [MeSH]

#9 #7 AND #8

#10 Fibromyalgia [MeSH] OR Fatigue Syndrome, Chronic [MeSH]
#11 Fibromyalgia*[Title/Abstract] OR Muscular Rheumatism [Title/

Abstract] OR Fibrositis [ Title/ Abstract] OR Diffuse Myofascial Pain
Syndrome [Title/Abstract]

#12 #10 OR #11

#13 Vagus Nerve Stimulation [MeSH] OR Vagus Nerve [MeSH]

#14 VNS [Title/Abstract] OR taVNS [Title/Abstract] OR ta-VNS [Title/
Abstract] OR iVNS [Title/Abstract] OR vagus nerve stimulation [Title/
Abstract]

#15 #13 OR #14

#16 #9 AND #12 AND #15

convert median, IQR, and range values into mean (SD), which is
based on a sample size-dependent extension of the formula for
approximating the SD using IQR or range values. For dichotomous
data, the number of respondents and the total number of participants
in each category will be recorded.

In addition, assuming that crossover RCTs are included in the
review, we will only extract and analyze the preliminary results from
the two groups prior to the crossover by referencing to related studies.
In addition, data obtained from three-arm RCTs included in the meta-
analysis will undergo processing. This will involve the division of the
common group found within multi-arm trials, allowing for a pairwise
meta-analysis approach, which is a widely recognized method (26).
Any discrepancies that may arise during the selection of RCTs and
data extraction will be resolved through discussion or arbitration,
facilitated by a senior researcher.

2.4.3 Handling of missing data

In cases where essential data is not accessible within the original
publication of the included trial, we will contact the corresponding
author of the original study via email and make reasonable requests
for the relevant data.

2.4.4 Assessment of the methodological quality
of included studies

To evaluate the methodological quality of each RCT, two
independent raters will use the Cochrane’s updated risk of bias (ROB)
tool (version 2.0) (27). The ROB assessment will focus on five critical
aspects: (1) randomization process, (2) handling of missing data for
outcomes, (3) deviations from intended interventions, (4) outcome
assessment, and (5) selection of study results. Each ROB item will
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FIGURE 1

Flow diagram of study selection.

be categorized as “low;” “high” or “some concerns” (27). Additionally,
an overall ROB rating for each study will be assigned as “low”
(indicating low ROB for all items), “some concerns” (indicating some
concerns in at least one item), or “high” (indicating high ROB for at
least one item or some concerns for various items). In case of any
discrepancies between the two raters, they will be resolved through
negotiations with a senior reviewer.

2.4.5 Treatment effect measures

To combine and analyze treatment effect data, we will utilize the
meta-analysis statistical program RevMan Version 5.4.1. For
continuous data, we will compute the weighted mean difference or
standardized mean difference, accompanied by their corresponding
95% confidence intervals (CI). Dichotomous data will be analyzed
using the risk ratio with the corresponding 95% CI.

2.4.6 Evaluation of heterogeneity across studies

When evaluate the heterogeneity across the included studies,
we will employ the Cochran Q-test and 12 statistic, which expresses
the percentage of total variability attributed to between-study
heterogeneity. If the Q-test yields a p-value greater than 0.10 and
the 12-value is below 50%, indicating an acceptable level of
heterogeneity, a fixed-effect model will be adopted for the
quantitative analysis of pooled data (28). However, if the Q-test’s
p-value is equal to or less than 0.10 and the I2-value is 50% or
higher, indicating significant heterogeneity, the random-effect
model will be employed (28). Furthermore, when applicable,
subgroup analyses will be conducted to investigate potential sources
of significant heterogeneity.

Frontiers in Neurology

2.4.7 Data synthesis

Data synthesis using meta-analysis (i.e., quantitative analysis) will
be undertaken in the RevMan software (Version 5.4.1). Notably, a
descriptive qualitative description (i.e., qualitative analysis) of the
findings will be provided if the clinical and methodological
heterogeneity makes it impractical to conduct the meta-analysis.

2.4.8 Subgroup analysis

When applicable, we will conduct subgroup analyses to investigate
possible sources of significant heterogeneity based on the following
characteristics of the original studies.

1. Variations in stimuli parameters (e.g., stimulation frequency,
pulses, duration) of ta-VNS.

2. Different measurement timepoints for primary outcomes (e.g.,
short-term effect vs. long-term effect).

2.4.9 Sensitivity analysis

To ensure the rigor of the meta-analysis results and assess the
impact of individual studies on the overall effect size, a sensitivity
analysis will be performed using the established leave-one-out
approach. If inconsistent results are identified during sensitivity
analysis, the results of the corresponding meta-analyses will
be interpreted with great caution.

2.4.10 Assessment of certainty of evidence

The certainty of evidence produced by this SR and meta-analysis
will be independently evaluated by two raters using the Grading of
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Recommendation, Assessment, Development, and Evaluation
(GRADE) framework (29). Various factors, such as research
constraints, inconsistent results, indirectness of evidence, reporting
bias, and imprecision, will be taken into consideration when
determining the certainty of evidence. To ensure accuracy, the
outcomes of the GRADE evaluation are subject to verification, with
the resolution of any discrepancies being carried out by a
senior researcher.

2.4.11 Evaluation of publication Bias

To investigate potential publication bias and the influence of
studies with small sample sizes, we will employ a funnel plot. For
meta-analysis results with more than 10 trials included, we will assess
the asymmetry of the funnel plot using Begg’s and Egger’s tests (28).
A p-value less than 0.05 in these tests will indicate a significant level
of publication bias.

2.5 Patient and public involvement

Patients or the public will not be involved in the development of
the research topic, methodology design, data collection, outcome
measurements, or data analysis of this study. Consequently, the study
participants will not receive the dissemination of the study’s results.

3 Discussions

Drawing from previous literature search, our study reports the first
SR and meta-analysis protocol regarding efficacy and safety of VNS on
fibromyalgia, which is an important topic for clinical practice. As a
neuromodulation technique with significant application value, VNS is
frequently used for a variety of diseases, mainly including neurological
disorders, pain conditions, and gastrointestinal disorders (30).
Regarding the relevant mechanisms of action, VNS has the capacity to
modulate vagal activity and neuro-immune communication, thereby
achieving analgesic effects in addition to ameliorating neurological
disorders, as indicated by findings from both human and animal
studies (11). In addition, VNS exerts its influence on numerous brain
regions involved in pain processing, thus presenting a promising
avenue for pain modulation. Furthermore, the anti-inflammatory
properties of VNS may also contribute significantly to its pain-
inhibitory effects. Therefore, VNS has been increasing utilized to treat
a wide range of diseases, such as chronic pain conditions (11, 31),
encompassing fibromyalgia (14), visceral pain (32), rheumatoid
arthritis (33), trigeminal allodynia (34), and migraine (35, 36). To note,
clinical trials (12-14) published in recent years reveal that patients with
fibromyalgia can benefit from VNS, thereby indicating that VNS may
be a promising therapy for fibromyalgia.

However, despite the increasing number of published studies and
ongoing clinical trials in this field, it is noteworthy that the therapeutic
effect and acceptability of VNS in the treatment of fibromyalgia
remain inconclusive due to the lack of published SR and meta-analysis.
Therefore, there is a need for conducting a SR and meta-analysis study
to comprehensively examine the evidence and determine the
effectiveness and safety of VNS for fibromyalgia. Considering the
research gaps, we have meticulously designed the current PRISMA-
compliant protocol to provide a thorough outline of the rationale,
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feasibility, and methodological procedures for conducting the
subsequent SR and meta-analysis on this clinically significant topic.

3.1 Strengths of the current study

First, our study addresses the challenge posed by the lack of well
acknowledged therapies for fibromyalgia, both pharmacological and
non-pharmacological. Consequently, fibromyalgia remains a difficult
disease to treat. Therefore, establishing robust evidence on the efficacy
and patient acceptability of VNS for fibromyalgia will offer valuable
guidance to clinicians, patients, and policymakers. This evidence will
help determine whether VNS, as a stand-alone treatment or an adjunct,
could be a viable therapeutic approach for treating fibromyalgia, thereby
enhancing current treatment strategies. Based on comprehensive
literature search in advance, to the best of our understanding, our study
is the first SR and meta-analysis protocol that aims to synthesize
evidence regarding the efficacy and acceptability of VNS in alleviating
fibromyalgia, following a comprehensive literature search.

Second, our investigation will assess the quality of evidence through
the utilization of the GRADE methodology (29). The outcomes of the
systematic review will captivate a wide-ranging readership,
encompassing individuals diagnosed with fibromyalgia, healthcare
practitioners involved in its management, and insurers/compensation
boards. The results and findings derived from our study will contribute
to the refinement of evidence-based management of fibromyalgia and
identify essential areas warranting further investigation.

Third, this protocol has been meticulously developed in adherence
to the authoritative PRISMA-P guidelines (18) and is prospectively
registered in the validated PROSPERO platform. These measures
ensure the overall methodological quality of the subsequent completed
SR and meta-analysis, enhance research transparency, and minimize
potential performance bias (37).

3.2 Limitations

First, the limited affordability of translation services for various
languages restricts the publication language to Chinese and English.
This constraint might introduce a selection bias in the inclusion of
studies. Second, given that there is currently no consensus on the
optimal treatment protocols for VNS, such as stimulus sites and
parameters. The varied treatment approaches utilized in the included
trials may increase the level of heterogeneity, potentially hindering the
effectiveness of quantitative analysis. In such situations, if appropriate,
an alternative approach using descriptive qualitative accounts of the
findings will be considered.

4 Conclusion

This protocol outlines the rationale, feasibility and methodology
for a SR and meta-analysis that intends to synthesize the existing
evidence pertaining to the use of VNS in the treatment of fibromyalgia.
The findings are expected to ascertain the efficacy and acceptability of
VNS in alleviating fibromyalgia, which will not only clarify the current
state of evidence but also highlight any existing gaps. Ultimately, these
findings will provide valuable insights that assist both patients and
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clinicians in making well-informed and appropriate treatment
decisions for fibromyalgia.

Author contributions

YC: Investigation, Writing — original draft. YZ: Writing - original
draft. YF: Writing - original draft. HH: Methodology, Writing -
review & editing. XL: Writing - review & editing. LF:
Conceptualization, Validation, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The work is
supported by the Collaborative Research Program on Modernization
of Traditional Chinese Medicine between the National and
Zhejiang Provincial Administration of TCM (grant number:
GZY-Z]J-K]J-24074), Zhejiang Provincial Public Welfare Technology
Application Research (grant number: LTGY23H270003), and
Zhejiang Provincial Famous Traditional Chinese Medicine Experts
Inheritance Studio Construction Project (GZS2021027).

References

1. Clauw DJ. Fibromyalgia: a clinical review. JAMA. (2014) 311:1547-55. doi: 10.1001/
jama.2014.3266

2. Sarzi-Puttini P, Giorgi V, Marotto D, Atzeni F. Fibromyalgia: an update on clinical
characteristics, actiopathogenesis and treatment. Nat Rev Rheumatol. (2020) 16:645-60.
doi: 10.1038/s41584-020-00506-w

3. Jones GT, Atzeni E Beasley M, Fluff E, Sarzi-Puttini P, Macfarlane GJ. The
prevalence of fibromyalgia in the general population: a comparison of the American
College of Rheumatology 1990, 2010, and modified 2010 classification criteria. Arthritis
Rheumatol. (2015) 67:568-75. doi: 10.1002/art.38905

4. Maffei ME. Fibromyalgia: recent advances in diagnosis, classification,
pharmacotherapy and alternative remedies. Int ] Mol Sci. (2020) 21:7877. doi: 10.3390/
ijms21217877

5. Aman MM, Jason Yong R, Kaye AD, Urman RD. Evidence-based non-
pharmacological therapies for fibromyalgia. Curr Pain Headache Rep. (2018) 22:33. doi:
10.1007/s11916-018-0688-2

6. Prabhakar A, Kaiser JM, Novitch MB, Cornett EM, Urman RD, Kaye AD. The role
of complementary and alternative medicine treatments in fibromyalgia: a comprehensive
review. Curr Rheumatol Rep. (2019) 21:14. doi: 10.1007/s11926-019-0814-0

7. Ohemeng KK, Parham K. Vagal nerve stimulation: indications, implantation, and
outcomes. Otolaryngol Clin N Am. (2020) 53:127-43. doi: 10.1016/j.0tc.2019.
09.008

8. Ellrich J. Transcutaneous auricular Vagus nerve stimulation. J Clin Neurophysiol.
(2019) 36:437-42. doi: 10.1097/WNP.0000000000000576

9. Wang Y, Li S-Y, Wang D, Wu MZ, He JK, Zhang JL, et al. Transcutaneous auricular
Vagus nerve stimulation: from concept to application. Neurosci Bull. (2021) 37:853-62.
doi: 10.1007/512264-020-00619-y

10. Carreno FR, Frazer A. The allure of transcutaneous Vagus nerve stimulation as a
novel therapeutic modality. Biol Psychiatry. (2016) 79:260-1. doi: 10.1016/j.
biopsych.2015.11.016

11. Shao P, Li H, Jiang J, Guan Y, Chen X, Wang Y. Role of vagus nerve stimulation in
the treatment of chronic pain. Neuroimmunomodulation. (2023) 30:167-83. doi:
10.1159/000531626

12.Lange G, Janal MN, Maniker A, Fitzgibbons ], Fobler M, Cook D, et al.
Safety and efficacy of vagus nerve stimulation in fibromyalgia: a phase I/II proof of
concept trial. Pain Med. (2011) 12:1406-13. doi: 10.1111/j.1526-4637.2011.
01203.x

13. Kutlu N, Ozden AV, Alptekin HK, Alptekin JO. The impact of auricular Vagus
nerve stimulation on pain and life quality in patients with fibromyalgia syndrome.
Biomed Res Int. (2020) 2020:1-10. doi: 10.1155/2020/8656218

14. Paccione CE, Stubhaug A, Diep LM, Rosseland LA, Jacobsen HB. Meditative-based
diaphragmatic breathing vs. vagus nerve stimulation in the treatment of fibromyalgia-a
randomized controlled trial: body vs. machine. Front Neurol. (2022) 13:1030927. doi:
10.3389/fneur.2022.1030927

Frontiers in Neurology

10.3389/fneur.2024.1367295

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1367295/
full#supplementary-material

15. Molero-Chamizo A, Nitsche MA, Bolz A, Andujar Barroso RT, Alameda Bailén
JR, Garcia Palomeque JC, et al. Non-invasive transcutaneous Vagus nerve stimulation
for the treatment of fibromyalgia symptoms: a study protocol. Brain Sci. (2022) 12:95.
doi: 10.3390/brainscil2010095

16. Gebre M, Woodbury A, Napadow V, Krishnamurthy V, Krishnamurthy LC,
Sniecinski R, et al. Functional magnetic resonance imaging evaluation of auricular
percutaneous electrical neural field stimulation for fibromyalgia: protocol for a feasibility
study. JMIR Res Protoc. (2018) 7:39. doi: 10.2196/resprot.8692

17. Paccione CE, Diep LM, Stubhaug A, Jacobsen HB. Motivational nondirective
resonance breathing versus transcutaneous vagus nerve stimulation in the treatment of
fibromyalgia: study protocol for a randomized controlled trial. Trials. (2020) 21:808. doi:
10.1186/5s13063-020-04703-6

18. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev. (2015) 4:1. doi: 10.1186/2046-4053-4-1

19. Wolfe E, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL,
et al. The American College of Rheumatology 1990 criteria for the classification of
fibromyalgia. Report of the multicenter criteria committee. Arthritis Rheum. (1990)
33:160-72. doi: 10.1002/art.1780330203

20. Wolfe E, Clauw D], Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, et al. The
American College of Rheumatology preliminary diagnostic criteria for fibromyalgia and
measurement of symptom severity. Arthritis Care Res Hoboken. (2010) 62:600-10. doi:
10.1002/acr.20140

21. Wolfe E, Clauw DJ, Fitzcharles MA, Goldenberg DL, Hauser W, Katz RL, et al. 2016
revisions to the 2010/2011 fibromyalgia diagnostic criteria. Semin Arthritis Rheum.
(2016) 46:319-29. doi: 10.1016/j.semarthrit.2016.08.012

22.Bravo C, Skjaerven LH, Guitard Sein-Echaluce L, Catalan-Matamoros D.
Effectiveness of movement and body awareness therapies in patients with fibromyalgia:
a systematic review and meta-analysis. Eur | Phys Rehabil Med. (2019) 55:646-57. doi:
10.23736/51973-9087.19.05291-2

23. Souza MB, Mascarenhas RO, Maia LB, Fonseca LS, Silva HJ, de Zoete RM]J, et al.
Comparative efficacy and acceptability of non-pharmacological interventions in
fibromyalgia: protocol for a network meta-analysis. PLoS One. (2022) 17:¢0274406. doi:
10.1371/journal.pone.0274406

24. Farag HM, Yunusa I, Goswami H, Sultan I, Doucette JA, Eguale T. Comparison of
amitriptyline and US Food and Drug Administration-approved treatments for
fibromyalgia: a systematic review and network Meta-analysis. JAMA Netw Open. (2022)
5:€2212939. doi: 10.1001/jamanetworkopen.2022.12939

25.Wan X, Wang W, Liu ], Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range. BMC Med Res
Methodol. (2014) 14:135. doi: 10.1186/1471-2288-14-135

26. Riicker G, Cates C, Schwarzer G. Methods for including information from multi-
arm trials in pairwise meta-analysis. Res Synth Methods. (2017) 8:392-403. doi: 10.1002/
jrsm.1259

frontiersin.org


https://doi.org/10.3389/fneur.2024.1367295
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1367295/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1367295/full#supplementary-material
https://doi.org/10.1001/jama.2014.3266
https://doi.org/10.1001/jama.2014.3266
https://doi.org/10.1038/s41584-020-00506-w
https://doi.org/10.1002/art.38905
https://doi.org/10.3390/ijms21217877
https://doi.org/10.3390/ijms21217877
https://doi.org/10.1007/s11916-018-0688-2
https://doi.org/10.1007/s11926-019-0814-0
https://doi.org/10.1016/j.otc.2019.09.008
https://doi.org/10.1016/j.otc.2019.09.008
https://doi.org/10.1097/WNP.0000000000000576
https://doi.org/10.1007/s12264-020-00619-y
https://doi.org/10.1016/j.biopsych.2015.11.016
https://doi.org/10.1016/j.biopsych.2015.11.016
https://doi.org/10.1159/000531626
https://doi.org/10.1111/j.1526-4637.2011.01203.x
https://doi.org/10.1111/j.1526-4637.2011.01203.x
https://doi.org/10.1155/2020/8656218
https://doi.org/10.3389/fneur.2022.1030927
https://doi.org/10.3390/brainsci12010095
https://doi.org/10.2196/resprot.8692
https://doi.org/10.1186/s13063-020-04703-6
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1002/art.1780330203
https://doi.org/10.1002/acr.20140
https://doi.org/10.1016/j.semarthrit.2016.08.012
https://doi.org/10.23736/S1973-9087.19.05291-2
https://doi.org/10.1371/journal.pone.0274406
https://doi.org/10.1001/jamanetworkopen.2022.12939
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1002/jrsm.1259
https://doi.org/10.1002/jrsm.1259

Caietal.

27. Flemyng E, Dwan K, Moore T, Page MJ, Higgins JPTCochrane Editorial Unit. Risk
of Bias 2 in Cochrane reviews: a phased approach for the introduction of new
methodology. Cochrane Database Syst Rev. (2020) 2020:Ed000148. doi:
10.1002/14651858. ED000148

28. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane
handbook for systematic reviews of interventions: Cochrane handbook for systematic
reviews of interventions. London: Cochrane Collaboration (2019).

29. Atkins D, Best D, Briss P, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading quality
of evidence and strength of recommendations. BMJ. (2004) 328:1490. doi: 10.1136/
bmj.328.7454.1490

30. Johnson RL, Wilson CG. A review of vagus nerve stimulation as a therapeutic
intervention. J Inflamm Res. (2018) 11:203-13. doi: 10.2147/JIR.S163248

31. Chakravarthy K, Chaudhry H, Williams K, Christo P]. Review of the uses of vagal
nerve stimulation in chronic pain management. Curr Pain Headache Rep. (2015) 19:54.
doi: 10.1007/s11916-015-0528-6

32. Zurowski D, Nowak £, Wordliczek J, Dobrogowski J, Thor PJ. Effects of vagus
nerve stimulation in visceral pain model. Folia Med Cracov. (2012) 52:57-69.

Frontiers in Neurology

08

10.3389/fneur.2024.1367295

33. Baker MC, Kavanagh S, Cohen S, Matsumoto AK, Dikranian A, Tesser J, et al. A
randomized, double-blind, sham-controlled, clinical trial of auricular Vagus nerve
stimulation for the treatment of active rheumatoid arthritis. Arthritis Rheum. (2023)
75:2107-15. doi: 10.1002/art.42637

34. Oshinsky ML, Murphy AL, Hekierski H, Cooper M, Simon BJ. Noninvasive vagus
nerve stimulation as treatment for trigeminal allodynia. Pain. (2014) 155:1037-42. doi:
10.1016/j.pain.2014.02.009

35. Zhang Y, Huang Y, Li H, Yan Z, Zhang Y, Liu X, et al. Transcutaneous auricular
vagus nerve stimulation (taVNS) for migraine: an fMRI study. Reg Anesth Pain Med.
(2021) 46:145-50. doi: 10.1136/rapm-2020-102088

36. Song D, Li P, Wang Y, Cao J. Noninvasive vagus nerve stimulation for migraine: a
systematic review and meta-analysis of randomized controlled trials. Front Neurol.
(2023) 14:1190062. doi: 10.3389/fneur.2023.1190062

37.GeL, Tian J-H, Li Y-N, Pan JX, Li G, Wei D, et al. Association between prospective
registration and overall reporting and methodological quality of systematic reviews: a
meta-epidemiological study. J Clin Epidemiol. (2018) 93:45-55. doi: 10.1016/j.
jclinepi.2017.10.012

frontiersin.org


https://doi.org/10.3389/fneur.2024.1367295
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1002/14651858.ED000148
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.2147/JIR.S163248
https://doi.org/10.1007/s11916-015-0528-6
https://doi.org/10.1002/art.42637
https://doi.org/10.1016/j.pain.2014.02.009
https://doi.org/10.1136/rapm-2020-102088
https://doi.org/10.3389/fneur.2023.1190062
https://doi.org/10.1016/j.jclinepi.2017.10.012
https://doi.org/10.1016/j.jclinepi.2017.10.012

Caietal.

Glossary

ACR American College of Rheumatology

BDI Beck Depression Inventory

BPI Brief Pain Inventory

CIL Confidence Interval

FDA Food and Drug Administration

FIQ Fibromyalgia Impact Questionnaire

GHQ General Health Questionnaire

GRADE Grading of Recommendation, Assessment, Development, and
Evaluation

HAMD Hamilton Depression Scale

IQR Interquartile Range

i-VNS Invasive Vagus Nerve Stimulation

N Insomnia Severity Index

MeSH Medical Subject Headings

MFI Multidimensional Fatigue Inventory

NRS Numeric Rating Scale

PRISMA-P | Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Protocols

PSQI Pittsburgh Sleep Quality Index

QoL Quality of Life

RCT Randomized Controlled Trial

ROB Risk of Bias

SAS Self-Assessment Scale for Anxiety

SD Standard Deviation

SE-36 Short Form 36 Health Survey

SF/MPQ Short-form McGill Pain Questionnaire

SR Systematic Review

ta-VNS Transcutaneous Auricular Vagus Nerve Stimulation

VAS Visual Analog Scale

VNS Vagus Nerve Stimulation

VRS Verbal Rating Scale
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