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Purpose: To compare the efficacy differences between acupuncture and sham acupuncture in adult primary insomnia through
Bayesian network meta-analysis, analyze the impact of different types of sham acupuncture on efficacy, and explore the basis for
the control setting.

Methods: A literature search of seven databases, including PubMed and Embase, until April 23, 2025, included randomized
controlled trials (RCTs) comparing AT with noninvasive sham acupuncture (NISA), superficial acupuncture (SA), and non-
acupuncture therapy (NAT) for treating PI in adults. The statistical analyses were conducted using R (version 4.4.1) and Stata (version
15.1). The protocol was registered with the International Prospective Register of Systematic Reviews (CRD420251012912).
Results: This meta-analysis incorporated 33 RCTs encompassing 3004 participants, with most studies originating from China. The
results showed that at the treatment endpoint and after 4 weeks, AT significantly improved subjective sleep quality (Pittsburgh Sleep
Quality Index, PSQI) compared to SA and NISA, exceeding the minimum clinically important difference (MCID: 2.5 points).
Specifically, at the endpoint, AT vs SA (MD: —3.66; 95% CI: —4.48 to —2.84) and AT vs NISA (MD: —4.35; 95% CI: —=5.67 to —3)
were significant, while differences among SA, NISA, and NAT were not. Based on the surface under the cumulative rank curve
(SUCRA), AT ranked first (99.9%), followed by SA (47.8%), NAT (31.9%), and NISA (20.4%). No significant differences were found
between AT, NISA, and SA regarding objective sleep parameters.

Conclusion: AT significantly improved subjective sleep quality in patients with PI, though its impact on objective sleep measures was
limited. When designing RCTs of acupuncture for PI, NISA is recommended as the sham acupuncture control. However, due to
geographical limitations, the study results may be difficult to generalize. Future research should focus on monitoring objective sleep
parameters and conducting international, multicenter RCTs involving diverse cultural populations.
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Introduction

Insomnia is a clinical syndrome characterized by dissatisfaction with the duration or quality of sleep, usually accom-
panied by at least three months of difficulty falling asleep and sleep maintenance disorders. It is characterized by frequent
awakening or difficulty falling asleep again after awakening and triggers daytime dysfunction such as daytime sleepiness
or hyperarousal." Many factors can affect sleep, including psychological factors, such as anxiety and depression, and
unhealthy lifestyle habits, such as caffeine or nicotine abuse.” * Primary insomnia (PI) is a type of insomnia that is not
attributable to other identifiable medical, psychiatric, or psychological conditions>® and is not only strongly associated
with a wide range of physical illnesses and psychiatric problems (especially depressive disorders) but also significantly
increases the public health burden, while simultaneously leading to lower work productivity, higher absenteeism, and an
increase in transportation accidents.*”* Clinical data indicate that insomnia is an independent risk factor for suicide.’
Conventional treatments for insomnia include both pharmacological and non-pharmacological treatments. Although
medication is effective in the short term, it is not recommended for long-term use due to its various adverse effects.'”
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Does acupuncture really

Acupuncture Superficial acupuncture work for primary insomnia?
How to verify? Which method
is more suitable to be the
control group?
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.‘
Acupuncture Non-invasive sham acupuncture

Contrastingly, acupuncture, a time-honored and safe non-pharmacological therapy used in China for more over 4000
years, has been used since early times to treat sleep problems. As the international interest in acupuncture research
continues to grow, evidence-based research on acupuncture is also evolving. Randomized controlled trials (RCTs), the
first level of evidence in evidence-based medicine, are regarded as the “gold standard” for evaluating the efficacy of
clinical interventions and, therefore, a large number of RCTs have recently investigated the treatment of insomnia with
acupuncture.

However, some recently published international acupuncture research articles have concluded that there is no
significant difference in efficacy between acupuncture and sham-acupuncture controls.'’ One study concluded that the
efficacy of acupuncture was equivalent to a placebo effect,'” which has prevented universal recognition of the efficacy of
acupuncture. This phenomenon may be explained by the need for inert sham acupuncture controls in RCTs to exclude
non-specific efficacy, such as the placebo effect, and thus to more clearly assess the net effect of acupuncture.'® However,
some researchers have suggested that sham acupuncture is not completely inert and that the control group may have some

1415 which may lead to false-negative results in RCTs with sham acupuncture

physiological and psychological responses
controls.'® Therefore, the use of sham acupuncture controls in the design on acupuncture RCTs remains controversial.
Additionally, the choice of sham needling method for control use is a major challenge. Currently, the two commonly
used main methods of sham needling are noninvasive sham acupuncture (NISA) and superficial acupuncture (SA). NISA
primarily employs nested sliding blunt-tip needles, the most widely recognized of which are the Streitberger'® and Park'”
devices, while SA is performed by slightly piercing the surface of the skin to avoid eliciting the “Deqi” sensation (also
known as minimal acupuncture). Therefore, identifying the differences between NISA and SA to determine which
method is more appropriate as a sham acupuncture control is important for optimizing the design of future acupuncture

studies.
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Based on the above, this study aimed to quantitatively assess both subjective sleep quality and objective sleep
indicators in patients with PI via Bayesian network meta-analysis (NMA) and to investigate the rationale for including
sham acupuncture controls in acupuncture research. Furthermore, by comparing the therapeutic effects of NISA and SA,
we aimed to determine the most suitable sham acupuncture method, providing a scientific basis and comprehensive
reference for designing future trials.

Methods
This NMA complies with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement'®'” and the Cochrane Collaboration Handbook,”® (Supplementary Table S1). The protocol for this study

was registered with the International Prospective Register of Systematic Reviews (CRD420251012912).

Data Sources and Search Strategy

Two independent reviewers (YT-W and JL-Z) searched PubMed, the Cochrane Central Register of Controlled Trials, Web
of Science, Embase, China Biomedical Literature Service System (SinoMed), China National Knowledge Infrastructure
(CNKI), and Wanfang databases from inception to December 26, 2024, and updated the search on April 23, 2025.

The search strategy incorporated a combination of MeSH terms and free words, with searches appropriately tailored
to each database. To ensure comprehensiveness and minimize publication bias, we also searched the gray literature
through ProQuest Dissertations & Theses Global, conference proceedings, and preprint servers (eg, bioRxiv, medRxiv).
Additionally, we manually screened the references of the included studies and related reviews to prevent the omission of
relevant literature.

Retrieve keywords: (“Sleep Initiation and Maintenance Disorders”[MeSH Terms] OR (“Sleep Initiation and
Maintenance Disorders” OR “agrypnia” OR “awakening early” OR “Chronic Insomnia” OR “Disorders of Initiating
and Maintaining Sleep” OR “Early Awakening” OR “hyposomnia*” OR “insomnia disorder*”” OR “insomnia*” OR
“insomnia chronic” OR “insomnia primary” OR “insomnia psychophysiological” OR “insomnia rebound” OR “insomnia
transient” OR “Nonorganic Insomnia” OR “Primary Insomnia” OR “Psychophysiological Insomnia” OR “Rebound
Insomnia” OR “sleep initiation and maintenance disorder*” OR “sleep initiation dysfunction*” OR “Sleeplessness” OR
“Transient Insomnia”)) AND (“Acupuncture”[MeSH Terms] OR (“Acupuncture” OR “Pharmacopuncture” OR “acu-
puncture therapy”)) AND (“Randomized Controlled Trial”’[Publication Type] OR ((“Randomized Controlled Trial” OR
“controlled clinical trial” OR “randomized” OR “randomised” OR “placebo” OR “randomly” OR “trial” OR “groups”)
NOT “animals”)). The detailed search strategies are presented in Supplementary Table S2.

Eligibility Criteria
This study developed the inclusion and exclusion criteria based on the PICOS framework.

Inclusion criteria:

1) Adults (>18 years) diagnosed with insomnia according to the Diagnostic and Statistical Manual of Mental
Disorders (DSM)-3-R*' DSM-4,%> DSM-4-TR,* DSM-5,%* International Classification of Sleep Disorders (ICSD)-3,"
Chinese Classification of Mental Disorders (CCMD)-3, or other standardized criteria;

(2) The interventions included were limited to acupuncture;

(3) The control group received NISA, SA, or non-acupuncture therapy (NAT), with NISA consisting mainly of the
use of sham acupuncture devices, such as the Streitberger device or the Park device, and NAT consisting mainly of
waiting lists or usual care;

(4) Outcome indicators included at least one of the following:

e Subjective sleep quality, assessed using the Pittsburgh Sleep Quality Index (PSQI);*
e Objective sleep parameters, including total sleep time (TST), sleep efficiency (SE), and wake-after-sleep-onset
(WASO) measured using polysomnography (PSG) or actigraphy;
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(5) To reduce bias, improve internal validity, enhance comparability between studies, and ensure the validity of the
combined analysis, we included only RCTs published in Chinese or English.
Exclusion criteria:

(1) Participants with secondary insomnia (ie, insomnia due to mental or physical comorbidities or due to substances
such as drugs or alcohol), eg, insomnia caused by disorders such as major depressive disorder, major anxiety
disorder, obstructive sleep apnea, and restless legs syndrome;

(2) Use of methods other than NISA or SA as sham acupuncture controls (eg, transcutaneous laser or transcutaneous
electrical stimulation);

(3) Assessed the effects of acupuncture therapy (AT) in combination with other treatments not applied to the control
group;

(4) Continuous use of sedative-hypnotic drugs during the study period;

(5) Clinical trials that were in the registration phase of the trial protocol and not yet formally started.

Risk of Bias (ROB) Assessment

The Cochrane Collaboration tool version 22° was used to assess ROB in the included RCTs. This tool evaluates ROB in
six domains: randomization process, deviations from the intended interventions, missing outcome data, outcome
measurement, selective reporting of results, and overall bias. Each domain was rated as having a low, unclear or
moderate, or high ROB. Two investigators (YT-W and JL-Z) performed the ROB assessment. A third investigator
(MM-W) was consulted if conflicts arose regarding the assessments.

Study Selection and Data Extraction

All the retrieval results were exported to EndNote 21, where a combination of automated and manual methods was
employed to identify duplicate entries within the search results. Duplicate records were removed, and the titles and
abstracts were reviewed to exclude studies that did not meet the inclusion criteria. Full texts were searched and reviewed
to determine the final included studies. Two investigators (YT-W and JL-Z) performed the screening process. Any
conflicts were resolved through discussion with a third investigator (MM-W). Eligible studies were subjected to
standardized data extraction using an Excel spreadsheet. The extracted information included (1) first author; (2)
publication year; (3) country; (4) sample size; (5) demographic characteristics (age, sex, duration of disease); (6)
intervention protocols including timing, frequency, and dosage; (7) diagnostic criteria; (8) follow-up; (9) outcome
indicators; and (10) details of acupuncture intervention. Data were independently extracted by two researchers (YT-W
and JL-Z). The consistency of the extraction results was evaluated using Cohen’s kappa (k). A « value greater than 0.7
indicates good consistency, and deemed the data reliable for inclusion. Any conflicts were addressed through discussion
with a third investigator (MM-W). If the data were ambiguous, the authors were contacted via email.

Data Synthesis and Statistical Analysis

A statistical model based on a Bayesian framework was developed using the JAGS software (gemtc 0.8-2 and rjags 4—10
packages) in R (4.4.1; RStudio, Boston, MA, USA). To determine the effect size, mean difference (MD), and 95%
credible interval (CI) were calculated for the continuous data. Given the clinical heterogeneity (such as different
durations and frequencies of acupuncture treatments and the location of the acupuncture site) of the included trials, all

NMAs were conducted using a random-effects model.’

Four Markov chains were set up for each result, each running
50,000 iterations, with 20,000 iterations discarded as the burn-in period.28 Surface under the cumulative rank curve
(SUCRA) was employed to estimate the relative ranks of the different interventions for each relevant result.”” A higher
SUCRA value corresponds to a higher rank in the intervention.® Additionally, the deviance information criterion (DIC)
was employed to compare the consistency and inconsistency models. A difference of less than 5 points in DIC indicated
satisfactory consistency; therefore, the consistency model was selected.”® Subjective sleep outcomes (treatment endpoints
and follow-up) were examined using a Network Meta-regression analysis (NMR) to determine whether any other factors

could have altered the treatment effect. The NMR covariates included the year of publication, sample size, and number of
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treatment sessions. The NMR results are presented as regression coefficients (beta) with corresponding 95% CI. If
a covariate’s 95% CI excludes zero, then there is >95% probability that the covariate exerts a statistically significant
influence on the outcome measures.”’ Transitivity was evaluated using descriptive statistics from the studies and
population baselines. Heterogeneity was assessed using the I? test, where an I? value of less than 50% was considered
acceptable level of heterogeneity, and the robustness of the results was tested by excluding studies with a high ROB for
sensitivity analyses. Funnel plots and Egger’s tests were used to assess the publication bias. Network plots for NMA,
funnel plots, and SUCRA line plots were produced using Stata (version 15.1; StataCorp, College Station, Texas, USA).

Quality of Evidence Assessment

The quality of evidence for effect estimates was assessed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework.’'? First, the ROB, inconsistency, indirectness, and publication
bias of the direct estimates were assessed. Subsequently, the certainty of evidence for the indirect estimate was evaluated
by considering the lowest ratings of the two direct comparisons that formed the most dominant first-order loop and
intransitivity. The certainty of evidence for the NMA estimates was assessed by choosing the highest between direct and
indirect ratings and examining incoherence and imprecision. The certainty of the evidence was judged as high, moderate,

low, or very low for each outcome comparison.

Results

Results of Study Selection

Of the initially identified 6786 articles, 1986 were excluded as duplicates, three were marked as ineligible by EndNote,
and 4754 were excluded based on unsuitable titles and abstracts. A full-text search was performed on the remaining 43
articles, of which 10 did not meet the inclusion criteria: 5 had non-compliant interventions, 3 had a non-compliant trial
design, and 2 were unable to obtain the required data (Supplementary Table S3). The secondary search identified no

additional articles that met the inclusion criteria. Ultimately, 33 RCTs were included.** ® Figure 1 presents the PRISMA
flowchart.

Basic Information

Thirty-three RCTs>>"®° involving 3004 patients were included and published between 2009 and 2024, with the vast
majority conducted in China and only one in Korea.*' Regarding the control group settings, 9 studies compared AT with
NISA,3*36:40:43.48.51.52.59 95 studies compared AT with SA,¥-3739:42:44747:49.50.53-58.61-64 1t e0_armed study compared

AT, NISA, and NAT,*" and 1 study compared AT and NAT.®® Regarding acupuncture methods, 13 studies utilized

33,34,41,44,46-49,53,60,61,63,65 35-40,42,43,45,50-52,54-59,62 In

electroacupuncture and 20 studies employed manual acupuncture.

terms of outcome indicators, 31, 7, 5, and 4 studies assessed subjective sleep quality using the PSQI,>* 32374749765 7qT

. . 4 45,48,64 4,36,45,4
using PSG or act1graphy,3 +36,37,45,48,64,65 E,3 +36,45,48,65

objectively evaluated S and objective assessments of
WASO,**#348:65 regpectively. Regarding the time point, 31 studies provided PSQI scores at the end of treatment,>
35.37-47.49765 and 12 studies provided PSQI scores at four-week follow-up,>>#!43:49751:53.34.57.59.62 yetajled demographic

and intervention data are shown in Supplementary Tables S4 and SS.

ROB Assessment

Four studies (12.1%) did not report specific random sequence generation methods; therefore, they were considered a high
ROB in randomization. Since 2 studies (6.1%) had a control group receiving usual care, it was impossible to blind the
participants. Therefore, they were considered to have the same concerns regarding intervention allocation. Seven studies
(21.2%) did not report the blinding of outcome assessors and data analysts, and were therefore considered to have some
concerns regarding the measurement of outcomes (Figure 2). According to the ROB assessment, 20 (60.6%), 9 (27.3%),
and 4 (12.1%) studies exhibited low, moderate, and high ROB, respectively (Supplementary Figure S1).
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[ Identification of studies via databases and registers ]
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=
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eligibility ( n=43 ) » - Wrong intervention ( n=5)
- Wrong study design (n=3)
— - Non data available ( n=2)

\ 4

Reports of included studies
(n=33)

Figure | PRISMA flowchart for the study selection.

Notes: PRISMA figure adapted from Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, loannidis JP, Straus S, Thorlund K, Jansen JP, Mulrow C, Catala-
Lopez F, Getzsche PC, Dickersin K, Boutron |, Altman DG, Moher D. The PRISMA extension statement for reporting of systematic reviews incorporating network meta-
analyses of health care interventions: checklist and explanations. Ann Intern Med. 2015 Jun 2;162(11):777-84.'8

Network Meta-Analysis

Subjective Sleep Quality

At the end of treatment, 31 studies assessed subjective sleep quality using the PSQI (Figure 3A). Figure 3B presents the
main results of the NMA. Compared with SA (MD: —3.66; 95% CI: —4.48, —2.84) and NISA (MD: —4.35; 95% CI:
—5.67, —3), AT significantly improved the subjective sleep quality of patients with PI, and the results were clinically
significant. The difference between SA and NAT was not significant (MD, —0.42; 95% CI, —3.19, 2.33), as was the
difference between NISA and NAT (MD, 0.27; 95% CI, —2.52, 3.01). When comparing SA with NISA, SA (MD: —0.69;
95% CI: —2.24, to 0.89) showed no significant difference between the two groups. The funnel plot and Egger’s test
yielded p = 0.63, indicating no evidence of publication bias (Supplementary Figure S2). The SUCRA plot showed that
AT was ranked first (99.9%), followed by SA (47.8%), NAT (31.9%), and NISA (20.4%) (Figure 4). In the sensitivity
35:49.54.60 with a high risk of bias had no significant impact on the results

analysis, the exclusion of four studies
(Supplementary Table S6).
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Overall Bias 1
Selection of the reported result
Measurement of the outcome
Mising outcome data
Deviations from intended interventions
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Low risk Some concerns  m High risk

Figure 2 Risk of bias assessment.
Notes: ROB figure adapted from Higgins JP, Altman DG, Ggtzsche PC, Jiini P, Moher D, Oxman AD, Savovic |, Schulz KF, Weeks L, Sterne JA; Cochrane Bias Methods
Group; Cochrane Statistical Methods Group. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ. 2011 Oct 18;343:d5928.%°

At the four-week follow-up, 12 studies assessed subjective sleep quality (Supplementary Figure S3A). The results

presented in Supplementary Figure S3B demonstrate that AT exhibits a significant and clinically meaningful correlation with
improved subjective sleep quality when compared to SA (MD: —4.21; 95% CI: —6.14, —2.3) and NISA (MD: —5.44; 95% CI:
—7.63,-3.15). Compared with NAT, there were no significant differences in SA (MD: —0.75; 95% CI: —5.64, 4.14) and NISA
(MD: 0.45; 95% CI: —4.08, 4.95). Compared with NISA, SA (MD: —1.22; 95% CI: —4.13, 1.78) showed no significant
difference. The p-value of the Egger’s test was 0.012, and the funnel plot displayed slight asymmetry, indicating possible
publication bias (Supplementary Figure S4). According to the SUCRA plot, AT was the highest (99.4%), followed by SA
(48%), NAT (32.6%), and finally NISA (20%) (Supplementary Figure S5). In the sensitivity analysis, after excluding 3
studies®>**>* with a high risk of bias, the results of AT vs NAT changed from (MD: —4.96; 95% CI (—9.46, —0.45) to (MD:
—4.97; 95% CI (-10.42, 0.48), with no significant changes in the remaining results (Supplementary Table S7).

Objective Sleep Parameters

TST

Compared with subjective sleep quality, fewer studies have assessed objective sleep parameters. Seven studies evaluated
TST at the treatment endpoint (Supplementary Figure S6A). Supplementary Figure S6B shows the main results of the
NMA, which indicated that AT did not significantly prolong the TST in patients with PI comparedwith NISA (MD:
31.03; 95% CI: —=7.61, 70.99) and SA (MD: 24.38; 95% CI: —14.27, 58.9). There was no significant difference between
NISA and SA (MD: 6.62; 95% CI: —43.93, 63.01). The funnel plot and Egger’s test yielded a p = 0.91, indicating no
evidence of publication bias (Supplementary Figure S7). The SUCRA plot showed that AT ranked first (93.4%), followed
by SA (35.3%), and NISA (21.3%) (Supplementary Figure S8).

SE
At the treatment endpoint, 5 studies assessed SE (Supplementary Figure S9A). Supplementary Figure S9B shows the

main results of the NMA, which indicated that AT did not significantly improve SE in patients with PI compared to NISA
(MD: 0.38; 95% CI: —14.22, 15.05) and SA (MD: 4.44; 95% CI: —3.42, 12.98). Compared with NISA, SA (MD: 4.06;
95% CI: —12.44, 21.09) showed no significant difference. The Egger’s test found p = 0.013, and the funnel plot displayed
slight asymmetry, indicating possible publication bias (Supplementary Figure S10). The SUCRA plot showed that AT
ranked first (91.6%), followed by NISA (43%), and finally SA (15.4%) (Supplementary Figure S11).

WASO
Four studies assessed WASO at the treatment endpoint (Supplementary Figure S12A). Supplementary Figure S12B
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NAT
NISA AT
SA
AT
-3.66 (-4.48,-2.84) SA
-4.08 (-6.72,-1.44) -0.42 (3.19, 2.33) NAT
-4.35 (-5.67,-3) -0.69 (2.24, 0.89) -0.27 (-3.01,2.52) NISA

Figure 3 Network plot and league table for PSQI at treatment endpoint. (A) Network plot for PSQI at treatment endpoint. Node (circle) sizes indicate the number of
studies, and edge (line) widths represent the number of direct comparisons. (B) League table for PSQI at treatment endpoint. Estimates are presented as mean difference
(MD) and 95% credible intervals (Cl). Comparisons between treatments should be read from left to right. The estimate of intervention effectiveness is located at the
intersection of the column-defining intervention and the row-defining intervention. Significant results are presented in bold.

Abbreviations: AT, Acupuncture Therapy; SA, Superficial Acupuncture; NISA, Non-Invasive Sham Acupuncture; NAT, Non-acupuncture Therapy.

shows the main results of the NMA, which indicated that AT did not significantly shorten the wake-after-sleep-onset in
patients with PI compared with NISA (MD, —4.9; 95% CI (-54.49, 43.07) and SA (MD, —37.2; 95% CI, —90.36, 13.84).
Compared with SA, NISA (MD: —32.04; 95% CI: —103.28, 39.07) showed no significant difference. The funnel plot and
Egger’s test yielded a p = 0.13, indicating no evidence of publication bias (Supplementary Figure S13). The SUCRA plot
showed that AT ranked first (79.2%), followed by NISA (61.3%) and SA (9.6%) (Supplementary Figure S14).

Consistency, Heterogeneity, and Transitivity Assessment

For overall consistency, the DIC was used to compare the consistency and inconsistency models. The changes in all existing
closed-loop models were less than 5 points, indicating favorable overall consistency based on the DIC. For local consistency, the
node-splitting method was employed to test the results, and no local inconsistencies were found (p > 0.05). The overall level of
heterogeneity was tested using the I* test, and the results indicated that the overall level of heterogeneity was low (I> < 50%). In
the meta-regression analysis, the covariates (publication year, sample size, and number of treatment sessions) did not
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Figure 4 SUCRA plot for PSQI at treatment endpoint. SUCRA is a numeric presentation of the overall ranking and presents a single number associated with each
treatment. SUCRA values range from 0 to |. The higher the SUCRA value, and the closer to |, the higher the likelihood that a therapy is in the top rank or one of the top
ranks; the closer to 0 the SUCRA value, the more likely that a therapy is in the bottom rank, or one of the bottom ranks.

Abbreviations: AT, Acupuncture Therapy; SA, Superficial Acupuncture; NISA, Non-Invasive Sham Acupuncture; NAT, Non-acupuncture Therapy.

significantly affect the results (Supplementary Tables S8 and S9). Furthermore, according to descriptive statistical data, the

included trials had acceptable transitivity.

Quality of Evidence Assessment

At the treatment endpoint, the quality of direct evidence for subjective sleep quality measured using the GRADE criteria
ranged from “high” to “low”. The primary reasons for downgrading were the presence of bias risk, imprecision, or both.
The quality of the indirect evidence for subjective sleep quality estimated by the NMA was “moderate” or “low”, with the
primary reason for further downgrading being imprecision in the NMA effect estimates (Supplementary Table S10). The

quality of direct evidence for objective sleep parameters (TST and WASO) measured using the grade was rated as
“moderate”, with the downgrade primarily due to imprecision. The quality of indirect evidence for TST and WASO
estimated by the NMA was “moderate” or “low”, with the primary reason for further downgrading being imprecision in
the NMA effect estimates (Supplementary Tables S11 and S12). The quality of direct evidence for SE in objective sleep

parameters was rated as “low”, primarily because of imprecision and publication bias. The quality of the indirect
evidence for SE from the NMA was rated as “very low”, primarily because of the imprecision in the NMA effect
estimates (Supplementary Table S13). At the four-week follow-up, the quality of direct evidence for subjective sleep

quality measured using the GRADE criteria was rated as “moderate” to “very low”, with downgrading primarily due to
risks of bias, publication bias, and imprecision. The quality of the indirect evidence for subjective sleep quality estimated
by the NMA was rated as “very low”, with the primary reason for further downgradation being the imprecision in the
NMA effect estimates (Supplementary Table S14).

Discussion
This study used PI as an example and employed Bayesian NMA to systematically evaluate the effects of two sham

acupuncture methods, NISA and SA, on subjective and objective sleep indicators during AT. Although several high-

1,66770

quality systematic reviews and meta-analyses have examined the efficacy of acupuncture for P this study revealed
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the potential impact of sham acupuncture method selection on treatment outcomes, providing important insights for
acupuncture trial design and evidence-based guidance for future trial protocols.

Although acupuncture has a long history of empirical application, early studies often lacked rigorous, objective
assessment methods, such as polysomnography (PSG), functional magnetic resonance imaging (fMRI), and multi-omics
analysis. In recent years, these technologies have allowed researchers to explore the mechanisms underlying acupuncture
treatment for insomnia in greater depth. For instance, Yukai Wang et al used PSG to determine that acupuncture enhances
non-rapid eye movement (NREM)-3 stage and rapid eye movement (REM) sleep in insomnia patients, thereby improving
deep sleep.®®> Research by Xuke Han et al’' confirmed that acupuncture reduces the excessive release of cortisol and
corticotropin-releasing hormone (CRH) by inhibiting the hyperactive hypothalamic-pituitary-adrenal (HPA) axis. They
also found that HPA axis inhibition is associated with enhanced deep sleep.”*’> Gihyun Lee et al discovered that
acupuncture regulates the electrophysiological activity of the locus coeruleus (LC) in a rat model of insomnia. The LC is
the main site of norepinephrine (NE) secretion in the brain,”* and Oxana Eschenko et al have shown that LC-NE neurons
are active during wakefulness and quiescent during sleep, especially REM sleep.”>’® Zhaoyi Chen et al further used
fMRI to reveal that acupuncture may improve patients’ sleep by regulating LC functional activity.** These findings
collectively suggest that acupuncture may exert its specific therapeutic effects through a multi-target regulatory
mechanism.

The current NMA indicated that AT outperformed SA and NISA at the treatment endpoint and four-week follow-up,
demonstrating its superiority in enhancing subjective sleep quality in patients with PI. This finding aligns with existing
meta-analyses on acupuncture for PI that support the superiority of acupuncture over sham acupuncture in enhancing
subjective sleep quality.®®®”’® The NMR results showed that covariates (publication year, sample size, and total number
of treatments) did not significantly affect the results. First, this implies that between 2009 and 2024, the difference in
efficacy between acupuncture and sham acupuncture remained stable, unaffected by the standardization of acupuncture
procedures or updates to diagnostic criteria. Second, small-sample RCTs did not systematically overestimate the efficacy
of acupuncture. Third, the efficacy remained stable across the number of treatment sessions within the clinically
applicable range, despite the fact that the number of treatment sessions included in our study ranged from 6 to 24.
Sensitivity analysis, which excluded studies with a high risk of bias, showed no significant differences in outcomes at the
treatment endpoint. However, at the four-week follow-up, the AT versus NAT results changed, though the overall level of
heterogeneity did not significantly change. One possible reason for this phenomenon is that, after excluding three studies
through sensitivity analysis, only nine studies that reported follow-up results remained, and only one study compared AT
with NAT. This reduction in sample size may have compromised the statistical power and affected the results.”’
Furthermore, follow-up results are at risk of publication bias, and studies with a high risk of bias are more likely to
publish positive results.”®”® Thus, excluding such studies reduces bias and may yield results closer to the actual situation.
After sensitivity analysis, the main results (AT vs SA, AT vs NISA, and SA vs NISA) remained robust, and we consider
the follow-up results to be reliable.

For objective sleep parameters, the therapeutic effects of AT were not statistically significant compared to NISA and
SA. This discrepancy between subjective and objective assessment results has also been observed in previous
studies.®”*" However, the finding that acupuncture did not significantly improve objective sleep parameters in PI patients
should be interpreted with caution. The reasons are as follows: First, while 33 studies assessed subjective sleep quality,
only four to seven studies reported objective sleep parameters. The limited sample size could potentially influence the
outcomes.”” Second, after reviewing the original studies, it was found that the AT group showed improvements in
objective sleep parameters at the treatment endpoint compared to baseline. However, these improvements were not
statistically significant when compared to the SA and NISA groups. This may be related to the potential nonspecific
effects of sham acupuncture, which may be amplified when sample sizes are insufficient.®' Third, PSG measurements
require a laboratory environment. However, changes in the patient’s sleeping environment can interfere with natural sleep
patterns and affect the results. Additionally, insomnia patients often experience sleep state misperceptions. Subjective
scales cannot quantify sleep status as well as objective indicators can. This cognitive confusion and time delay may also
lead to differences between subjective and objective indicators.*** It is worth emphasizing that the PSQI is a widely
validated self-assessment scale with high validity. It assesses sleep from seven dimensions: sleep quality, sleep latency,
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sleep duration, habitual sleep efficiency, sleep disturbance, use of sleeping medication, and daytime dysfunction. The
total score is 21, and the MCID is 2.5.°*% The NMA results demonstrated that AT was significantly superior to SA (MD:
—3.66; 95% CI: —4.48, —2.84) and NISA (MD: —4.35; 95% CI: —5.67, —3.00) at the endpoint, with a high quality of
evidence. At the four-week follow-up, AT was significantly superior to SA (MD: —4.21; 95% CI: —6.14, —2.30) and NISA
(MD: —5.44; 95% CI: —7.63, —3.15), though the quality of evidence was low to moderate. These findings demonstrate
clinically significant differences, indicating that acupuncture effectively improves sleep quality, reduces hypnotic drug
use, and alleviates daytime functional impairments. High-quality evidence at the endpoint strongly supports this
conclusion. Jia Xing et al’s research has shown that acupuncture is as effective as cognitive behavioral therapy (CBT)
in improving sleep quality and mood. Additionally, acupuncture improves daytime functioning more quickly.** The four-
week follow-up results confirmed acupuncture’s short- and medium-term efficacy, but other studies have shown that
acupuncture remains significantly effective at 40 weeks.”' Furthermore, acupuncture can reduce hypnotic drug use,
making it economically viable.®

Acupuncture treatment includes specific (physiological) and nonspecific (psychological) therapeutic effects. A sham
acupuncture control group was set up to distinguish between the two effects.®® However, if the trial demonstrates that
both acupuncture and sham acupuncture are significantly more effective than standard care, such as non-acupuncture
NAT, then it suggests that sham acupuncture may produce significant specific effects. This would render it unsuitable as
a control group.®” The NMA results revealed that there was no significant difference between sham acupuncture controls
(NISA and SA) and NAT in improving subjective sleep quality. This indicates that these two types of sham acupuncture
are feasible as control groups. However, it should be noted that only two studies involved NAT, and only subjective sleep
quality was assessed without comparative results from objective indicators. Therefore, this conclusion should be
interpreted with caution.

The present NMA also showed that there were no statistically significant differences in subjective sleep quality and
objective sleep indicators between SA and NISA, consistent with Chenyong Liu et al’s meta-analysis results.®” However,
this study used Bayesian NMA to perform a unique SUCRA ranking of SA and NISA, quantifying differences between
them and making the comparison more intuitive. A higher SUCRA value indicates a stronger therapeutic effect and lower
suitability as a sham acupuncture control.?’ The results showed that NISA ranked higher in the SUCRA of SE and
WASO (evidence quality was low to very low). Meanwhile, SA ranked higher in the SUCRA of TST, PSQI at endpoint,
and PSQI at follow-up (evidence quality was moderate to very low). Notably, in the SUCRA for endpoint PSQI, NISA
ranked lowest (even lower than NAT, with moderate evidence quality). Based on the results of the SUCRA and evidence
quality assessments, NISA ranked lower than SA overall. Therefore, it is speculated that NISA may be the preferred
sham acupuncture method in studies targeting PI. The main difference between SA and NISA lies in whether the skin is
pierced. For SA, even if only 1-2 mm is pierced, it may produce a specific therapeutic effect.***° In addition, superficial
acupuncture technique is a therapeutic acupuncture technique used according to the patient’s constitution or the nature of
the disease. For example, floating needles, acupoint patches, and intradermal needles stimulate the skin surface to achieve
therapeutic purposes. In contrast, NISA does not pierce the skin, providing minimal stimulation to the body and
producing a weaker therapeutic effect. Furthermore, the Park and Streitberger devices ensure good blinding of patients
by making the control and the experimental groups appear identical, which makes it difficult to break the blind.'®"’
Previous studies have demonstrated that NISA is an effective single-blind control method.”® However, when using SA,
patients can observe the circumstances of needle insertion, which may cause doubt about the treatment’s effectiveness
and trigger a nocebo effect (adverse reactions caused by negative expectations about the treatment). This may affect the
results.”’ Therefore, when designing experiments involving diseases with superficial lesions, SA may not be a suitable
sham acupuncture control because it may underestimate the efficacy of acupuncture.®” In studies requiring horizontal or
oblique needling, NISA may be inapplicable due to operational limitations. SA is more suitable for use on areas that
patients cannot directly observe, such as the head, neck, and back. Alternatively, patients can wear blindfolds to block
their vision during treatment.

Although this NMA yielded positive results, the significant geographical concentration of the included studies
suggests that these results may not apply to non-Chinese populations. Of the 33 original studies, 32 (97%) were
conducted in China and only one (3%) was conducted in South Korea. This uneven geographical distribution severely
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limits the global applicability and external validity of the results. Karst et al pointed out in their comparative analysis of
cross-cultural acupuncture trials that cultural background profoundly influences the assessment of treatment efficacy
through three mechanisms: patient expectations, medical environment, and doctor attitude.”” First, Eastern and Western
patients have different expectations and cultural perceptions. Chinese patients generally believe that the “sensation of
Deqi” is a prerequisite for therapeutic efficacy, making them more likely to recognize the ineffectiveness of sham
acupuncture. Western patients, on the other hand, may be unfamiliar with acupuncture, leading them to trust sham
acupuncture more as the number of treatment sessions increases. For example, a multicenter trial by Garcia et al revealed
that acupuncture was significantly more effective than sham acupuncture and standard care at the Chinese center. In
contrast, at the American center, only sham acupuncture was more effective than standard care, and there was no
difference between acupuncture and standard care.”® Second, the medical environment and operating procedures vary.
The high prevalence of acupuncture in primary healthcare in China (community hospital coverage rate >80%)’* has
prompted physicians to master more proficient “Deqi” induction techniques, which may amplify the therapeutic effects.
In contrast, Western acupuncturists have less standardized practices, leading to deviations in efficacy assessments.
Additionally, differences in needle types, insertion depths, and acupoint selection across regions exacerbate clinical
heterogeneity. Third, acupuncturists have different attitudes towards sham acupuncture. Acupuncture treatment has a long
history in China, and Chinese acupuncturists are very familiar with acupuncture techniques. Consequently, they may
experience greater frustration when performing sham acupuncture, which could negatively impact the efficacy of
treatment by transferring these emotions to patients. However, Western acupuncturists may perform sham acupuncture

in a more neutral manner.”

Limitations

The limitations of this study are mainly as follows. The first limitation is geographic limitation. The majority of studies
are from China. This fundamental constraint significantly compromises the global generalizability and external validity
of the findings. The second limitation concerns the risk of bias. Four studies (12.1% of the included studies) were rated as
having a high risk of bias due to inadequate reporting of randomization methods. Furthermore, potential publication bias
may exist in the follow-up results. Although sensitivity analyses and meta-regression were performed to test the
robustness of the primary results, the interpretation of the findings (especially those from subjective sleep quality
assessments) should remain cautious, with full consideration of these potential biases. The third limitation involves the
inadequate coverage and depth of objective sleep measures. While 30 studies assessed subjective sleep quality, only four
to seven studies provided objective sleep parameters obtained through PSG or similar devices. This paucity of objective
data diminishes the comprehensiveness of our results. More importantly, most PSG-based studies failed to report
essential sleep architecture parameters, including N1%, N2%, N3%/slow-wave sleep, and REM sleep duration, thereby
precluding a thorough evaluation of sleep health. The fourth limitation relates to the insufficient follow-up duration.
Constrained by the original data, the analysis of subjective sleep quality was limited to the 4-week follow-up period,
which only confirmed the short-to-medium term effects of acupuncture. The absence of longer-term (eg, >12 weeks)
follow-up data precludes definitive conclusions about the sustained efficacy of both acupuncture and sham acupuncture.
In view of these limitations, the following recommendations are proposed for future RCTs: (1) Implement multicenter
trials involving diverse cultural populations to enhance external validity and enable more comprehensive efficacy
analyses; (2) Strengthen objective sleep assessment by expanding the use of PSG and systematically reporting sleep
architecture parameters (N1, N2, N3 stages, and REM duration) to address potential subjective reporting biases and
establish gold-standard evidence; (3) Extend follow-up periods to facilitate a robust evaluation of long-term treatment
sustainability; (4) Develop advanced sham acupuncture controls using automated or innovative technologies (eg, virtual
reality-simulated acupuncture) to create truly “zero-stimulation” controls, thereby eliminating potential therapeutic
effects from sham procedures and improving methodological rigor; (5) Conduct head-to-head comparative effectiveness
research pitting acupuncture against standard insomnia treatments (eg, CBT) to clarify its evidence-based positioning and
promote appropriate integration into modern healthcare systems.
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Conclusions

This NMA indicates that acupuncture is significantly more effective than sham acupuncture in improving subjective sleep
quality in patients with PI. However, its effects on objective sleep parameters require further investigation. When
designing RCTs of acupuncture for PI, it is recommended that NISA be used as the sham acupuncture control group.
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