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Background: Adolescents are in a critical stage of development and represent a
high-risk population for depression. Various studies have demonstrated the
efficacy of acupuncture therapies in the treatment of adolescent depression.
However, trials directly comparing the efficacy and safety of different
acupuncture therapies for adolescent depression are still lacking. To identify
the optimal acupuncture therapy for treating adolescent depression, we will
conduct a systematic review and network meta-analysis of various acupuncture
therapies for adolescent depression.

Methods: Randomized controlled trials (RCTs) investigating the efficacy and
safety of acupuncture in adolescent depression will be systematically searched
across the Cochrane Central Register of Controlled Trials (CENTRAL), PubMed,
Embase, Web of Science, and the China National Knowledge Infrastructure
(CNKI) databases from inception to December 2025. Study quality will be
assessed using the Cochrane Risk of Bias Tool (RoB 2.0), while the Confidence
in Network Meta-Analysis (CINeMA) framework will evaluate evidence certainty.
The primary outcomes will be included at least one validated depression rating
scale for adolescent. Secondary endpoints include safety outcomes, measured
by the incidence of adverse events during the study period. Bayesian network
meta-analysis will be performed using the gemtc package (v0.8-7) in R statistical
software (version 4.0.5).

Discussion: This study will clarify the comparative efficacy and safety of
acupuncture for adolescent depression, guiding clinical decision-making.

Prospero Registration Number: identifier (CRD 42024581768).
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1 Introduction

Depression is a complex mental health disorder characterized
by a persistent lack of interest in daily activities, accompanied by a
range of emotional, cognitive, physical, and behavioral symptoms
(1). Tt is recognized as one of the leading causes of disability
worldwide (2). Depression significantly impairs the quality of life
for patients and their families while imposing a substantial
economic burden on society (3). Adolescents are in a critical
stage of development and represent a high-risk population for
depression (4). Compared to late-onset depression, early-onset
depression in this group often leads to more severe consequences,
including substance abuse, physical illnesses, social functional
impairment, and even self-harm or suicidal behaviors (5, 6).
Additionally, young individuals with depression are more likely to
experience a higher tendency of recurrence (5).

Currently, pharmacotherapy and psychotherapy are the
dominant treatments for depression. However, long-term
antidepressant use is associated with significant side effects (7).
Despite advancements in modern medicine and the emergence of
novel antidepressants that have improved treatment efficacy, these
medications predominantly target adult populations. In contrast,
the development of specific pharmacological interventions for
adolescent depression remains an area of active exploration (8, 9).
Prior studies have shown that certain antidepressants may elevate
suicide risk in adolescents, highlighting the need for stringent safety
assessments when selecting antidepressant therapies for this
vulnerable population. It is crucial to balance symptom alleviation
with the avoidance of adverse effects that could worsen the
condition or cause additional harm (10). Therefore, there is an
urgent need to identify safe and side-effect-free therapeutic
strategies for adolescent depression.

Acupuncture, a widely accepted complementary and alternative
medical practice, has gained global popularity (11).
Electroacupuncture represents a contemporary evolution of
traditional acupuncture, distinguished by the application of
controlled electrical currents (typically 2-100 Hz) to inserted
needles. A clinical trial involving 60 depressed patients
demonstrated that electroacupuncture improved overall clinical
impression, anxiety/somatization, and feelings of hopelessness
more effectively than selective serotonin reuptake inhibitors
(SSRIs) (12). Animal experiments conducted by some researchers
revealed that acupuncture significantly reversed depressive-like
behaviors in model rats during open-field tests and reduced
abnormally elevated glutamate (Glu) levels in the hippocampus
(13). Furthermore, several RCTs have shown that acupuncture may
serve as a safe adjunctive therapy to antidepressant medications
while exhibiting greater efficacy in alleviating depressive symptoms
(14-16). Despite the increasing number of studies, the efficacy of
acupuncture in treating adolescent depression remains
controversial due to the heterogeneity in study designs,
inconsistencies in quality control, and methodological limitations
across existing research. Network meta-analysis (NMA) is a method
that allows for the simultaneous comparison of multiple treatments
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within a single meta-analysis, thus identifying the potentially
optimal treatment choice (17). Therefore, we have developed a
protocol for an NMA to evaluate the efficacy and safety of various
acupuncture therapies for adolescent depression. This protocol
outlines systematic methods for assessing clinical trial data to
identify the most effective acupuncture techniques.

2 Methods
2.1 Study registration

This systematic review and network meta-analysis is conducted
rigorously following the PRISMA 2020, which has been registered
in the International Prospective Register of Systematic Reviews
(PROSPERO; registration number: CRD42024581768). The study
protocol followed the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocols statement
(PRISMA-P) (18), which provided in (Supplementary Materials
S1). Any protocol amendments occurring during the review process
will be transparently documented in the final manuscript.

2.2 Eligibility criteria

2.2.1 Types of studies

Only RCTs reported in English or Chinese will be included,
without geographical limitations. Non-randomized trials,
observational studies, reviews, animal experimental studies, case

studies, expert opinions, and studies with unavailable full-text will
be excluded.

2.2.2 Types of participants

We will include adolescents (19) aged 10-19 years who were
diagnosed with Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), Chinese Classification of Mental Disorders
(CCMD-3) or equivalent diagnostic criteria (e.g., Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-4),
International Classification of Diseases, Tenth/Eleventh Revision
(ICD10/11)). Participants will be included regardless of gender or
disease duration.

2.2.3 Types of interventions

Acupuncture is defined as any acupoint-based therapy,
regardless of the needling or stimulation techniques. Eligible
interventions include single or combined antidepressants, as well
as acupuncture combined with other therapies. Non-acupoint-
based interventions will be excluded, as acupuncture operates by
stimulating specific points on the body (‘acupoints’) that have been
proven to influence brain networks involved in mood regulation.
Studies employing random needle placement (e.g., inserting needles
at non-acupoint locations) or sham devices (e.g., placebo needles
that do not penetrate the skin) are unable to determine whether true
acupuncture provides benefits for depression.
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2.2.4 Types of comparisons

Guideline-recommended therapies for depression (e.g.,
Western medication, lifestyle interventions, supplements),
combined therapies, different acupuncture methods, and inactive
interventions like sham acupuncture, waiting lists, and placebos.

2.2.5 Types of outcome measures

The primary outcomes will be included at least one validated
depression rating scale (e.g., the Reynolds Adolescent Depression
Scale (RADS-2), the Children’s Depression Inventory (CDI), or
Children’s Depression Rating Scale-Revised (CDRS-R)). The
secondary endpoint will be safety, quantified by the incidence of
adverse reactions during the study period.

2.3 Search strategy

We will perform a comprehensive search of the following
databases from inception to December 2025: the Cochrane
Central Register of Controlled Trials (CENTRAL), PubMed,
Embase, Web of Science, and the China National Knowledge
Infrastructure (CNKI) database. The search strategies will be
exemplified using PubMed, as detailed in Table 1. All details of
the search strategies will be developed by two independent
investigators (see Supplementary Material S2). Manual searches
will also be conducted on reference lists of retrieved articles and
relevant systematic reviews, including but not limited to the
following methods: a. Checking reference lists: Reviewing the
reference lists of included studies as well as relevant systematic
reviews and literature reviews to identify additional potentially
relevant research; b. Citation tracking: Using citation tracking
tools (e.g., Google Scholar or Web of Science) to locate

TABLE 1 Search strategy for PubMed database.

10.3389/fpsyt.2025.1624825

subsequent citations of known relevant articles, thereby
expanding the scope of literature sources.

2.4 Study selection and data extraction

The literature management process will be facilitated
through the use of EndNote X9 and Microsoft Excel. Two
independent investigators (XYX and NZ) will conduct the
initial literature search. Subsequently, three trained reviewers
(JEW, KYZ, and YQS) will perform preliminary screening
based on titles and abstracts. Full-text articles meeting
the pre-defined eligibility criteria will be retrieved for
comprehensive evaluation.

A standardized data extraction form, developed by two
independent researchers (PCZ and JFW), will be utilized to
systematically collect study characteristics and outcome measures.
In the presence of duplicate data, priority will be given to
publications with 1) larger sample sizes and 2) extended follow-
up durations to maximize data validity. Consensus for any
discrepancies in study selection or data extraction will be
achieved through consultation with a third independent
investigator (HW). The PRISMA flow diagram detailing the study
selection process is provided in Figure 1.

2.5 Assessment of risk of bias

Two reviewers (XYX and NZ) will independently assess the risk
of bias using the Cochrane Risk of Bias Tool Version 2.0 (20). The
evaluation will be conducted across five domains: (1) the
randomization process, (2) deviations from intended
interventions, (3) missing outcome data, (4) measurement of the

NO. Search terms

#1 Search (“depression” [MeSH Terms])

#2 Search (“depression” [Title/Abstract] OR “depressive disorder” [Title/Abstract] OR “depressive”[ Title/ Abstract]

#3 #1 or #2

#4 Search (“acupuncture”[MeSH Terms])

#5 Search (“acupuncture”[Title/Abstract] OR “electro-acupuncture” [Title/Abstract] OR “warming needling” [Title/Abstract] OR “fire needling”[Title/
Abstract] OR “bloodletting”[Title/ Abstract] OR “auriculo-acupuncture”[Title/Abstract] OR “auricular” [Title/Abstract] OR “moxibustion” [Title/Abstract]
OR, “cupping” [Title/Abstract]OR “acupoint*” [Title/Abstract])

#6 #4 or #5

#7 Search (“adolescent”[MeSH Terms]

#8 “adolescent” [Title/Abstract] OR “teenager” [Title/Abstract] OR “juvenile” [Title/Abstract] OR “young” [Title/Abstract] OR “youngsters”|[Title/ Abstract]
OR “student”[Title/Abstract]

#9 #7 or #8

#10 Search (“randomized controlled trial” [Title/Abstract] OR “controlled clinical “[Title/Abstract] OR “trial “[Title/Abstract] OR “group”[Title/Abstract] OR
“placebo” [Title/Abstract] OR “randomly” [Title/Abstract])

#11 #3 and #6 and #9 and #10
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FIGURE 1

The PRISMA flow diagram of the study selection process.

outcome, and (5) selection of reported results. Each domain will be

» «

categorized as “high risk of bias,” “moderate risk of bias (some
concerns),” or “low risk of bias.” An overall risk of bias classification
for each study will also be determined as high, moderate (some
concerns), or low. Any discrepancies will be resolved through

discussion with the third investigator (HW).

3 Statistical analysis

Intervention efficacy will be quantified by the mean change in
RADS-2, CDI, or CDRS-R scores from baseline to endpoint, while
safety outcomes will be determined by monitoring the incidence of
adverse events. Adolescents are at a critical stage of growth and
development. Given that clinical features, symptom severity, and
treatment responses may differ significantly depending on the
developmental stage, this study will conduct subgroup analyses by
age, with the population divided into two groups: 10-13 years old
and 14-19 years old.
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Heterogeneity across studies will be assessed using the I? statistic,
with values exceeding 50% indicating substantial heterogeneity.
Potential publication bias will be evaluated through funnel plot
asymmetry tests complemented by Egger’s regression analysis.

Bayesian network meta-analysis will be implemented using
Markov chain Monte Carlo (MCMC) sampling within a random-
effects framework, executed in R statistical software (v4.0.5) via the
gemtc package (v0.8-7). Model selection between fixed-effects and
random-effects approaches will be guided by deviance information
criterion (DIC) comparisons. Convergence of MCMC chains will be
validated through Brooks-Gelman-Rubin diagnostics, with
potential scale reduction factors (PSRF) <1.1 considered

indicative of adequate convergence (21).

3.1 Evidence synthesis

The network geometry of treatment comparisons will be
graphically represented using a node-edge diagram, with node
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sizes weighted by participant numbers and edge thickness
proportional to the number of direct comparisons. Efficacy
outcomes will be synthesized in league tables as posterior mean
differences (MDs) with 95% credible intervals (CrIs), whereas safety
profiles will be expressed as odds ratios (ORs) accompanied by 95%
Crls. Statistical significance will be interpreted through the
exclusion of null values within Crls (MD Crls not spanning 0;
OR Crls not encompassing 1). To control multiplicity in hypothesis
testing, a family-wise error rate adjustment will be applied (o-level
= 0.05) using the Holm-Bonferroni method.

3.2 Ranking probabilities

The probability estimate of each acupuncture-related therapy
ranking highest in efficacy will be estimated by determining the
proportion of Markov chain Monte Carlo (MCMC) iterations in
which it demonstrated the largest mean difference (MD) compared
to controls. Ranks for second, third, and subsequent positions will
be similarly derived.

3.3 Inconsistency assessment

Global inconsistency in network meta-analyses will be assessed
through the node-splitting approach, specifically applied to closed
loops formed by three-intervention comparisons. This method
quantifies the discrepancy between direct evidence (head-to-head
trials) and indirect evidence (derived via common comparators)
using Bayesian p <0.05 indicating significant inconsistency.

All the data analysis will be performed using the R statistical
software (version 4.2.2).

3.4 Certainty of evidence assessment

The certainty of evidence for all outcomes will be evaluated
through the Confidence in Network Meta-Analysis (CINeMA)web
application (22, 23). The CINeMA includes 6 domains: (1) within-
study bias, (2) across-studies bias, (3) indirectness, (4) imprecision,
(5) heterogeneity, and (6) incoherence. The overall evidence
certainty will ultimately be classified according to the GRADE
framework as high, moderate, low, or very low.

4 Discussion

Depression is a major contributor to the global burden of
disease and is associated with significant personal, societal, and
economic costs (24). Adolescent depression has become an
increasingly serious issue, with its prevalence rising sharply over
the past decade (25, 26). Adolescents diagnosed with depression are
at higher risk of developing other mental health disorders, such as
anxiety disorders and bipolar affective disorders (27). Symptoms of
depression have been found to be associated with eating
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disturbances and functional somatic symptoms. High-risk
behaviors linked to depression in young individuals include
increased suicide attempts, elevated alcohol, nicotine, and
substance abuse (28-31), as well as physical health issues such as
heightened risks of cardiovascular diseases and obesity (32, 33).
Therefore, providing appropriate treatment to adolescents with
depression is of utmost importance.

Adolescents are at a sensitive and critical stage of both
physiological and psychological development, making the
treatment strategies for adolescent depression distinct from those
for adult depression. Limited evidence suggests that escitalopram,
sertraline, and duloxetine may be effective for adolescent
depression. Specifically, some adolescent depression patients may
not only fail to achieve ideal antidepressant effects when treated
with the maximum dosage of medication but may also suffer severe
physical harm from drug side effects (34). Therefore, the safety of
medications must be strictly controlled in the treatment of
adolescent depression, aiming to alleviate symptoms while
avoiding any side effects that could exacerbate the condition or
cause additional harm.

In recent years, an increasing number of studies have focused
on the application of acupuncture in adolescent depression.
According to traditional Chinese medical theory, the pathogenesis
of depression can be traced to differences in individual constitution,
compounded by adverse external stimuli, such as emotional distress
and prolonged psychological suppression without adequate
expression. Previous study (35) have demonstrated that
acupuncture may increase the levels of monoamine
neurotransmitters such as serotonin (5-hydroxytryptamine, 5-HT)
in the body, thereby exerting an antidepressant effect.

Network meta-analysis (NMA) allows for the comprehensive
evaluation of multiple treatment options by synthesizing evidence
from both direct and indirect comparisons across diverse studies
(36). This study protocol will focus exclusively on research
published in either English or Chinese. It is important to note
that this language restriction may limit the diversity of the included
data and could potentially introduce selection bias. In this NMA,
the types of acupuncture therapies included, as well as their
combinations, will be explicitly defined. This systematic approach
aims to provide a thorough assessment of the efficacy of various
acupuncture-based interventions in the management of adolescent
depression, thereby offering more robust evidence to inform
clinical practice.

This NMA has several limitations. The analysis is restricted to
studies published in English or Chinese, which may lead to potential
language bias and limit the generalizability of our findings.
Additionally, the methodological shortcomings of the included
studies, such as potential biases associated with non-blinded
outcome assessments and the presence of small sample sizes in
individual trials, may compromise the reliability and robustness of
our findings. To overcome these limitations, we will address these
issues through the following measures: a. Searching international
trial registries (e.g., ClinicalTrials.gov) for unpublished data,
regardless of language, and contacting authors for English or
Chinese summaries; b. Conducting a sensitivity analysis.
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