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Background: Chronic nonspecific neck pain (CNSNP) and chronic insomnia frequently coexist and may reinforce one another, yet
high-quality evidence for nonpharmacological interventions targeting both conditions remains limited. This protocol describes
a multicenter randomized trial evaluating the efficacy and safety of acupuncture for this clinically important comorbidity.

Methods: This multicenter, parallel-group, participant-, assessor-, and statistician-blinded, sham-controlled superiority trial will be
conducted at six centers in China. A total of 128 eligible adults aged 18-75 years with comorbid CNSNP and chronic insomnia will be
randomly assigned in a 1:1 ratio to receive acupuncture or sham acupuncture. Participants will receive 12 treatment sessions over
4 weeks, followed by 12 weeks of post-treatment follow-up. The co-primary outcomes are the changes from baseline in average neck
pain intensity measured by the Numerical Rating Scale (AP-NRS) and in insomnia severity measured by the Insomnia Severity Index
(ISI) at week 4. Secondary outcomes include AP-NRS and ISI at other time points, and clinically important pain and sleep response
rates, Neck Disability Index, maximum neck pain during neck movement, Pittsburgh Sleep Quality Index, Hospital Anxiety and
Depression Scale, Patient Global Impression of Change, and medication use. Adverse events will also be assessed. Analyses will
follow the intention-to-treat principle using mixed-effects models, and the co-primary outcomes will be tested with a fixed-sequence
strategy to control the family-wise type I error rate.

Discussion: This trial addresses an important evidence gap in the management of comorbid CNSNP and chronic insomnia. Its
multicenter design, standardized acupuncture procedures, sham comparator, formal blinding assessment, and validated patient-reported
outcomes may improve internal validity, clinical interpretability, and generalizability.

Ethics and Dissemination: The protocol has been approved by the Ethics Committee of Guang’anmen Hospital, China Academy of
Chinese Medical Sciences (Approval No. 2025-090-KY). Written informed consent will be obtained from all participants before
enrollment. Findings will be disseminated through peer-reviewed publications and academic presentations.

Trial Registration: ClinicalTrials.gov NCT06996210; registered on May 30, 2025.

Keywords: chronic nonspecific neck pain, chronic insomnia, acupuncture, sham acupuncture, randomized controlled trial, study protocol

Introduction

Chronic nonspecific neck pain (CNSNP) and chronic insomnia are prevalent, persistent, and clinically burdensome
conditions. According to the Global Burden of Disease Study 2023 (GBD 2023), 209.9 million people were living with
neck pain worldwide in 2023, and there were 48.8 million prevalent cases of neck pain, corresponding to an age-
standardized prevalence rate of 2.5% in China.' A recent systematic review estimated that 16.2% of adults worldwide
experience insomnia, and the pooled prevalence of insomnia in the general population in China has been reported as
15.0%.%* Both conditions are associated with impaired quality of life, reduced daytime functioning, and increased health-
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care use."*7 CNSNP generally refers to neck pain lasting at least 3 months in the absence of a specific pathoanatomical
process such as fracture, infection, inflammatory disease, malignancy, or cervical myelopathy.®® Chronic insomnia is
characterized by persistent difficulty initiating sleep, maintaining sleep, or waking too early despite adequate opportunity
for sleep, together with daytime impairment, and is diagnosed in this trial according to the International Classification of
Sleep Disorders, Third Edition (ICSD-3).>%1°

Epidemiological and mechanistic evidence supports a bidirectional relationship between neck pain and sleep
disturbance.'""!” In patients with chronic neck pain, clinically important insomnia is common. In a retrospective
cohort study, 22.9% of patients met criteria for clinically significant insomnia, and more than half reported at least mild
sleep disturbance after the onset of neck pain.'® Poor sleep may heighten pain sensitivity through central sensitization,
impaired endogenous pain inhibition, dysregulation of the hypothalamic-pituitary-adrenal axis, and inflammatory
activation; conversely, persistent pain can fragment sleep, increase hyperarousal, and perpetuate psychological
distress.''>!” The coexistence of CNSNP and chronic insomnia therefore reflects more than simple comorbidity;
rather, it represents a mutually reinforcing symptom cluster associated with greater disability and more complex
treatment needs.

Current management strategies for CNSNP commonly include exercise-based rehabilitation, manual therapy, educa-
tion, and selected nonpharmacological interventions such as acupuncture, whereas chronic insomnia is primarily
managed with cognitive behavioral therapy for insomnia (CBT-I) and, in selected patients, hypnotic medication.”'!?
However, access to rehabilitation or CBT-I remains limited in many settings, and pharmacotherapy for insomnia or pain
may be constrained by adverse events, tolerance, dependence, polypharmacy, and incomplete response.”® > Accordingly,
there is a clear need for accessible, effective, and well-tolerated nonpharmacological options for patients with comorbid
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CNSNP and chronic insomnia. Acupuncture has shown benefit in chronic neck pain and insomnia
condition is studied separately, but evidence for the combined presentation remains sparse. Clinical studies relevant to
comorbid neck pain and insomnia remain limited and have largely been published in Chinese, with common methodo-
logical constraints such as small sample size, short follow-up, and incomplete reporting.>* ' The present study was
therefore designed as a superiority trial to investigate whether acupuncture is superior to sham acupuncture in improving
both neck pain intensity and insomnia severity in adults with comorbid CNSNP and chronic insomnia. We hypothesize
that acupuncture will produce greater improvement than sham acupuncture in both co-primary outcomes at week 4, with

benefits extending into follow-up.

Study Design

This study is a multicenter, parallel-group, randomized, sham-controlled superiority trial with a 1:1 allocation ratio.
Participants, outcome assessors, data managers, and statisticians will remain blinded to group assignment. Each participant
will undergo a 17-week study period comprising a 1-week baseline phase, a 4-week treatment phase, and a 12-week post-
treatment follow-up phase. The protocol is reported in accordance with the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) 2025 statement, together with the Revised Standards for Reporting Interventions in Clinical
Trials of Acupuncture (STRICTA) and the Sham Acupuncture Reporting (SHARE) guideline.*> > The study flow is shown
in Figure 1, and the participant timeline is summarized in Figure 2 and Table 1.

Study Setting and Recruitment

The trial will be conducted at six centers in China: Guang’anmen Hospital, China Academy of Chinese Medical Sciences
(Beijing); Beijing Friendship Hospital, Capital Medical University (Beijing); Beijing Hospital of Integrated Traditional
Chinese and Western Medicine (Beijing); Beixiaguan Community Health Service Center, Haidian District (Beijing);
Sports Medicine Institute of the General Administration of Sport of China (Beijing); and Shaanxi Provincial Hospital of
Traditional Chinese Medicine (Xi’an, Shaanxi Province). Recruitment is planned from March 2026 to December 2027
through outpatient clinics, posters, hospital websites, and social-media-based advertisements.
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Figure | Study flow diagram of the trial.
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Before any trial-specific procedure is undertaken, trained investigators will provide potential participants with written and
verbal information about the study objectives, procedures, potential benefits, and possible risks. Participant-facing informa-
tion and consent documents will be provided in Chinese, the native language of the study population, and will be explained
verbally by trained investigators. Adequate time will be allowed for questions and voluntary decision-making. Written

informed consent will then be obtained. Participants may withdraw from the study at any time without penalty.

Randomization, Allocation Concealment, and Blinding
The allocation sequence will be generated by an independent statistician from INTELING Tech Co., Ltd. (Beijing, China)
using center-stratified permuted blocks. The sequence will be embedded within a password-protected web-based
randomization system. After eligibility has been confirmed and baseline assessment completed, a research assistant
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Figure 2 Overview of the participant timeline.

who is not involved in treatment delivery or outcome assessment will obtain the randomization result and notify the
treating acupuncturist. Acupuncturists will not have access to upcoming allocations.

Participants, outcome assessors, data managers, and statisticians will remain blinded until the database has been
locked unless emergency unblinding is required for clinical management of a serious adverse event. Treating acupunc-
turists cannot be blinded because of the nature of the intervention, but they will not perform outcome assessments, data

Table | Schedule of Enrollment, Interventions, and Assessments

Study Period

Enrollment | Intervention | Follow-Up

Timepoint (Week) 0 | 4 8|12 (16
Enrollment: x

Eligibility screen x

Informed consent x

Randomization x

Allocation x

Interventions:

Acupuncture x x
Sham acupuncture x x
Assessments:

AP-NRS x x x x
ISI x x x x
NDI x x x x
MP-NRS x x x x
PSQI x x x x
HADS x x x x
PGIC x x
Medication use x x x x | x x

(Continued)
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Table | (Continued).

Study Period

Enrollment | Intervention | Follow-Up

CEQ x
Blinding assessment x
Adverse events x x x | x x

Notes: X indicates that the corresponding procedure, intervention, or assessment is
scheduled at that time point.

Abbreviations: AP-NRS, Numerical Rating Scale for average neck pain; CEQ, cred-
ibility and expectancy questionnaire; MP-NRS, Numerical Rating Scale for maximum
neck pain; NDI, Neck Disability Index; ISI, Insomnia Severity Index; PSQI, Pittsburgh
Sleep Quality Index; HADS, Hospital Anxiety and Depression Scale; PGIC, Patient
Global Impression of Change.

cleaning, or statistical analyses. To support participant blinding, both groups will be treated in the same clinical
environment, for the same session duration and visit schedule, using identical adhesive pads and visually similar needles.

Participants

Eligibility will be evaluated by licensed physicians at each site who have completed trial-specific training and have
clinical experience in musculoskeletal and sleep-related disorders. Comorbidity is defined as fulfillment of both the
CNSNP criteria and the chronic insomnia criteria at screening.

CNSNP will be defined as neck pain persisting for at least 3 months, located primarily in the cervical region, aggravated
by movement or posture, and not attributable to a specific structural or systemic disorder. Conceptually, CNSNP overlaps
with ICD-11 chronic primary cervical pain within the broader category of chronic primary musculoskeletal pain.*® The
diagnosis will be based on history taking and physical examination, with additional imaging or specialist consultation
obtained when clinically indicated to exclude specific causes. Chronic insomnia will be diagnosed according to ICSD-3
criteria: difficulty initiating sleep, maintaining sleep, or waking too early despite adequate opportunity for sleep, occurring
at least 3 nights per week for at least 3 months and accompanied by daytime impairment.'°

Inclusion criteria are as follows: (1) age 18—75 years; (2) diagnosis of comorbid CNSNP and chronic insomnia; (3)
Numerical Rating Scale for average neck pain (AP-NRS) score >3 at baseline; (4) Insomnia Severity Index (ISI) score
>10 at baseline; and (5) written informed consent.

Exclusion criteria are as follows: (1) neck pain attributable to trauma, fracture, malignancy, inflammatory disease,
infection, myelopathy, or other specific pathology; (2) objective neurologic deficit, progressive radicular syndrome, or
positive red-flag findings requiring urgent evaluation; (3) previous cervical spine surgery or major cervical trauma; (4)
spinal ankylosis or other severe cervical structural abnormality; (5) use of systemic analgesics, muscle relaxants, or
corticosteroids on >3 days per week for more than 2 consecutive weeks during the month before screening; (6) initiation
of hypnotic, antidepressant, or other sleep-related medication, or a dose change in such medication, within 2 weeks
before baseline; (7) substance- or medication-induced insomnia; (8) other primary sleep disorders, including suspected
sleep apnea syndrome, restless legs syndrome, circadian rhythm disorder, or shift-work-related sleep disorder; (9) severe
cardiac, hepatic, renal, hematologic, autoimmune, infectious, or malignant disease; (10) severe psychiatric disease,
cognitive impairment, or communication disorder that would interfere with participation; (11) acupuncture for neck
pain or insomnia within 30 days before screening; (12) substance abuse; or (13) pregnancy, lactation, or intention to
become pregnant during the trial.

To improve external validity while maintaining protocol consistency, participants who are already using hypnotic
medication at a stable dose for at least 2 weeks before baseline may be enrolled, provided that no dose escalation is
planned during the 4-week treatment phase. All concomitant medications and non-study interventions will be recorded in
detail.
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Interventions
The acupuncture regimen was developed on the basis of prior clinical evidence, consensus among senior investigators,
and routine clinical practice for coexisting neck pain and insomnia.>*>*%3¢ All interventions will be delivered by
licensed acupuncturists with at least 2 years of independent practice experience after centralized training in point
location, needling procedures, sham procedures, and adverse-event documentation. Treatment will be administered in
private rooms to reduce communication between participants and to standardize the treatment environment across sites.
The selected points are GV20 (Baihui), superior GV29 (superior Yintang), Jingbailao (EX-HN15), Wangu (GB12),
Shenmen (HT7), Taixi (KI3), and one individualized ashi point identified by local tenderness. Point localization will
follow China national standard for nomenclature and location of meridian points (GB/T 12346-2021).>” The locations
are listed in Table 2 and illustrated in Figure 3. Foam adhesive pads will be applied before needling at all points except
GV20, where pad fixation is impractical because of the hair-bearing scalp anatomy.

Acupuncture Group

Sterile disposable stainless-steel needles (Hwato brand; Suzhou Medical Appliance Factory, Suzhou, China; diameter
0.30 mm; length 25 mm or 40 mm) will be used. After skin disinfection, needles will be inserted through the adhesive
pads to an intended depth of approximately 10-30 mm according to point location and participant body habitus. Manual
stimulation (lifting, thrusting, and rotating) will be applied to elicit deqi, characterized by sensations such as soreness,
numbness, distension, or heaviness.>® Needles will be retained for 30 minutes, with additional manual stimulation every
10 minutes. Treatment will be administered 3 times per week, preferably on alternate days, for 4 consecutive weeks (12
sessions in total).

Sham Acupuncture Group

The sham procedure is designed to maximize treatment credibility and participant masking while minimizing specific
acupuncture stimulation.>*>° Blunt-tipped placebo needles (Hwato brand; diameter 0.30 mm; length 25 mm) will be
applied through visually identical adhesive pads at the same points used in the acupuncture group (Figure 4). At all
acupoints except GV20, the placebo needles will touch the skin but will not penetrate it, and no attempt will be made to
elicit deqi. At GV20, where adhesive-pad fixation is impractical, a sterile needle will be inserted superficially (approxi-
mately 2 mm) without manipulation to maintain visual comparability while minimizing specific stimulation. Session
duration, participant positioning, therapist-participant interaction, and treatment frequency will be identical to those in the

Table 2 Locations of Selected Acupoints

Acupoints Meridian Location

GV20 (Baihui) Governor vessel On the midline of the head at the vertex, at the intersection of the line

connecting the highest points of both auricles and the midline of the head.

Superior GV29 (Superior Yintang) | Governor vessel One cun superior to GV29, which lies at the midpoint between the medial

ends of the eyebrows on the forehead midline.

Jingbailao (EX-HNI5) Extra point (head and neck) Two cun superior to the spinous process of the seventh cervical vertebra

and one cun lateral to the posterior midline.

Wangu (GB12) Gallbladder meridian In the depression posterior and inferior to the mastoid process.

Shenmen (HT7) Heart meridian At the ulnar end of the transverse wrist crease, in the depression on the

radial side of the flexor carpi ulnaris tendon.

Taixi (KI3) Kidney meridian In the depression between the tip of the medial malleolus and the Achilles
tendon.
Ashi point No fixed meridian An individualized local tender point in the neck region, selected according

to the participant’s area of maximal tenderness.

Notes: Acupoint locations follow China national standard for nomenclature and location of meridian points (GB/T 12346-2021). | cun approximately equals 20 mm.
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HT7
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e Gallbladder meridian
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¢ Extra point (head and neck)

Figure 3 Locations of the selected acupuncture points. Colors indicate different meridians; the individualized ashi point is not displayed because its location varies by
participant.

Non-penetrating sham acupuncture

Blunt-tipped placebo needle

Foam adhesive pad

Intact skin surface

Figure 4 lllustration of the non-penetrating sham acupuncture procedure.

acupuncture group. This comparator was selected as a credible, low-intensity control that preserves participant blinding

while helping to isolate the specific effect of acupuncture.*~*

Outcome Measurements

Outcome assessments will be performed at baseline and at weeks 4, 8, and 16. Each assessment is expected to take
approximately 30 minutes to complete. Treatment credibility and expectancy will be assessed at baseline. Blinding
success will be evaluated after completion of treatment. Medication use and adverse events will be recorded throughout
the study.
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The co-primary outcomes are the changes from baseline in AP-NRS and ISI at week 4. Average neck pain intensity
will be measured with AP-NRS, an 11-point Numerical Rating Scale ranging from 0 (no pain) to 10 (worst imaginable
pain). Participants will record their average neck pain intensity on 3 separate days during each assessment week, and the
weekly mean will be used for analysis. For chronic pain trials, a reduction of approximately 2 points or 30% is generally
regarded as clinically important.*’ Insomnia severity will be measured with the ISI, a validated 7-item instrument with
a score range of 0-28.*' A reduction of 6 points will be considered clinically important.****

Secondary outcomes are as follows: (1) changes from baseline in AP-NRS at weeks 8 and 16; (2) changes from
baseline in ISI at weeks 8 and 16; (3) the proportion of participants achieving a >30% reduction in AP-NRS at
weeks 4, 8, and 16; (4) the proportion of participants achieving a >6-point reduction in ISI at weeks 4, 8, and 16;
(5) the proportion of participants achieving both a >30% reduction in AP-NRS and a >6-point reduction in ISI at
weeks 4, 8, and 16; (6) changes from baseline in the Neck Disability Index (NDI) at weeks 4, 8, and 16; (7) the
proportion achieving a >3.5-point reduction in NDI at weeks 4, 8, and 16; (8) changes in Numerical Rating Scale
for maximum neck pain (MP-NRS) during neck movement at weeks 4, 8, and 16; (9) changes in Pittsburgh Sleep
Quality Index (PSQI) scores at weeks 4, 8, and 16; (10) changes in Hospital Anxiety and Depression Scale (HADS)
scores at weeks 4, 8, and 16; (11) Patient Global Impression of Change (PGIC) at weeks 4 and 16; and (12) use of
analgesic or hypnotic medication during the study.

Neck-related disability will be measured with the NDI, a widely used and validated 10-item questionnaire; a change
of approximately 3.5 points has been reported as clinically important in neck-pain populations.***® MP-NRS will be
assessed during flexion, extension, lateral bending, and rotation, with an 11-point Numerical Rating Scale ranging from 0
(no pain) to 10 (worst imaginable pain). Subjective sleep quality will be measured with the PSQI, a widely used and
validated instrument for subjective sleep assessment.*” Anxiety and depression symptoms will be evaluated using the
HADS, a validated questionnaire developed for detecting anxiety and depression symptoms in medical settings.*® PGIC
will be rated on a 7-point scale ranging from “very much improved” to “very much worse”.

Blinding assessment will be performed at week 4 by asking participants whether they believe they received
acupuncture, sham acupuncture, or are uncertain. Responses will be summarized descriptively and analyzed using
Bang’s Blinding Index.* Safety will be assessed through active surveillance at each visit. Adverse events will be
categorized by type, severity (mild, moderate, or severe), seriousness, and relatedness to treatment (unrelated, possibly
related, probably related, or definitely related). Serious adverse events will be reported to the coordinating center and the
ethics committee within 24 hours.

Patient Compliance and Concomitant Interventions
Attendance at treatment sessions and completion of follow-up visits will be recorded to assess adherence. Reasons for
withdrawal, protocol deviation, and loss to follow-up will be documented in detail.

During the 4-week treatment phase, initiation of other non-study interventions specifically targeting neck pain or
insomnia will be discouraged and recorded if it occurs. Stable pre-existing hypnotic medication is allowed as described
above. If symptoms become intolerable, participants may receive rescue care according to routine practice at the
participating center; all rescue medication and additional treatment will be recorded and considered in sensitivity
analyses.

Sample Size

The sample size was determined on the basis of the co-primary outcomes. Using data from a previous sham-controlled
trial of acupuncture for chronic neck pain,* 36 participants per group would provide 80% power at a two-sided a of 0.05
to detect a statistically significant between-group difference in change from baseline in AP-NRS. Using data from
a sham-controlled trial of acupuncture for insomnia,’” 54 participants per group would be required to detect a statistically
significant between-group difference in ISI change. The larger estimate was adopted to ensure adequate power for both
symptom domains. Assuming a 15% attrition rate, the final target sample size is 64 participants per group (128
participants in total).
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Statistical Analysis
All efficacy analyses will follow the intention-to-treat principle and will include all randomized participants according to
their assigned groups. Baseline characteristics will be summarized descriptively but will not be subjected to significance
testing for group balance.

To control the family-wise type I error rate for the co-primary outcomes, a fixed-sequence testing strategy will be
used. The between-group difference in change from baseline in AP-NRS at week 4 will be tested first. If significant at the
two-sided 0.05 level, the between-group difference in change from baseline in ISI at week 4 will then be tested at the
same a level. Continuous longitudinal outcomes, including AP-NRS, ISI, NDI, MP-NRS, PSQI, and HADS, will be
analyzed using linear mixed-effects models with fixed effects for treatment group, time, treatment-by-time interaction,
study center, and baseline value, together with a participant-level random effect. Binary responder outcomes will be
analyzed using generalized linear mixed-effects models.

Medication use, protocol deviations, and adverse events will be summarized descriptively. Missing data for repeated
continuous outcomes will be handled within the mixed-model framework under a missing-at-random assumption. For the
co-primary outcomes, multiple imputation and per-protocol analyses will be conducted as sensitivity analyses. All
secondary analyses will be considered exploratory, and no adjustment for multiplicity will be made. Statistical analyses
will be performed using R software.

Data Management and Quality Control
All trial data will be entered into centralized electronic case report forms hosted on a password-protected electronic data
capture platform managed by INTELING Tech Co., Ltd. The platform will maintain user-specific permissions, range
checks, data-validation rules, and an audit trail for all entries and modifications. Source documents, informed consent
forms, treatment logs, and adverse-event records will be stored securely at each site with restricted access.
Guang’anmen Hospital, China Academy of Chinese Medical Sciences, will serve as the coordinating center. Before
trial initiation, all investigators and study staff will complete standardized training in participant screening, informed
consent, intervention delivery, data entry, and safety reporting. An independent clinical monitor will periodically review
recruitment, consent documentation, protocol adherence, and data quality. Because the trial involves a short intervention
period and a low-risk nonpharmacological intervention, a separate data monitoring committee has not been established;
however, serious adverse events and major protocol deviations will be reviewed promptly by the principal investigator
and reported to the ethics committee in accordance with institutional requirements. No interim efficacy analysis is
planned.

Ethics and Dissemination

The study has been approved by the Ethics Committee of Guang’anmen Hospital, China Academy of Chinese Medical
Sciences (Approval No. 2025-090-KY) and registered at ClinicalTrials.gov (NCT06996210). The trial will be conducted
in accordance with the Declaration of Helsinki and Good Clinical Practice principles.

Participants will be assigned unique identification codes, and directly identifying information will not be disclosed in
publications. Appropriate medical evaluation and treatment will be provided for study-related adverse events, and
associated reporting and compensation procedures will follow ethics-committee requirements and local regulations.
After study completion, participants will return to or continue routine clinical care at the participating centers as
clinically indicated; no trial-specific post-study treatment is mandated by the protocol. The results of the study will be

disseminated through peer-reviewed journals and academic conferences.

Patient and Public Involvement
No patients or members of the public were involved in the design of the protocol, selection of outcome measures, or
development of the dissemination plan.
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Discussion

Comorbid CNSNP and chronic insomnia represent a clinically important but understudied therapeutic target. Because
pain and sleep disturbance aggravate one another, a treatment strategy focused on only one domain may leave clinically
meaningful symptoms unresolved.'>'>"'” In routine practice, patients with neck pain and insomnia often present with
overlapping pain, fatigue, impaired daytime functioning, anxiety, and low mood. These interacting manifestations may
sustain symptom chronicity and complicate management, particularly when access to comprehensive nonpharmacologi-
cal care is limited. The present protocol was therefore developed to test an acupuncture strategy targeting two coexisting
symptom domains in a population that reflects common outpatient clinical practice while preserving rigorous methodo-
logical control.

The trial addresses an important evidence gap in the management of comorbid chronic neck pain and insomnia. More
importantly, it was designed to address several methodological limitations of the existing literature by using a multicenter
design, a sham-controlled comparator, formal blinding assessment, and prespecified co-primary outcomes for both pain
and insomnia. Rather than focusing on a single symptom domain, the study evaluates the two core manifestations of the
comorbidity simultaneously, which may improve the clinical interpretability of the findings. In addition, the protocol
incorporates validated patient-reported outcomes and responder definitions anchored to clinically important thresholds,
while detailed recording of analgesic and hypnotic medication use will allow a more nuanced interpretation of treatment
effects in a setting that resembles real-world clinical practice. In this respect, the study is expected not only to provide
efficacy data but also to offer a more rigorous methodological framework for future confirmatory and pragmatic trials in
pain-sleep comorbidity.

The sham comparator was selected to balance methodological rigor against practical feasibility. Non-penetrating sham
acupuncture can improve participant masking and reduce expectation-related bias, but it may still exert contextual or sensory
effects and therefore should not be viewed as a completely inert placebo. For this reason, any between-group difference observed
in the present trial is likely to reflect the incremental benefit of acupuncture beyond the effects of attention, ritual, and low-
intensity tactile stimulation. This makes the comparison clinically meaningful while maintaining methodological credibility.

The biologic rationale for acupuncture in this comorbidity is plausible but remains incompletely understood.
Experimental and clinical studies suggest that acupuncture may modulate peripheral nociceptive input, descending
pain inhibition, inflammatory signaling, autonomic regulation, and central neural networks implicated in pain
processing.”' >* For insomnia, proposed mechanisms include modulation of hyperarousal, limbic regulation, neurotrans-
mitter systems, inflammatory pathways, and sleep-related brain networks.*®>>>’ These mechanisms may be especially
relevant when pain and insomnia coexist, because both conditions involve altered arousal, affective distress, and central
pain processing. Nevertheless, mechanistic inferences should remain cautious. The current trial is designed to establish
clinical efficacy and safety rather than to determine causal neurobiological pathways.

The trial also has limitations. Acupuncturists cannot be blinded, which creates the possibility of performance bias
despite protocol standardization and centralized training. The sham acupuncture, although credible and low intensity, is
unlikely to be fully inert, especially because minimal superficial stimulation is used at GV20 for technical reasons. In
addition, the protocol emphasizes patient-reported outcomes rather than physiologic sleep measures such as polysomno-
graphy or actigraphy. This choice improves feasibility across six centers and aligns with the symptomatic focus of the
trial, but it limits physiologic interpretation. The 12-week post-treatment follow-up will provide useful medium-term
information, yet it will not fully address long-term durability. Finally, allowing stable pre-existing hypnotic treatment
increases external validity but may introduce some heterogeneity, which is why medication exposure will be documented
carefully and explored in sensitivity analyses.

Despite these limitations, the study is expected to provide clinically relevant evidence. If acupuncture proves superior
to sham acupuncture, it could represent a useful nonpharmacological option for patients with comorbid CNSNP and
chronic insomnia, particularly for those with incomplete response to, contraindications to, or poor access to standard
treatments such as CBT-I or medication. If the findings are neutral, the trial will still help refine future research by
informing decisions about outcome selection, sham control, treatment dose, and the incorporation of objective sleep
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measures. In either case, the study will advance the evidence base for the management of comorbid chronic neck pain
and insomnia and may support the design of future pragmatic, mechanistic, and cost-effectiveness studies.

Data Sharing Statement
The data generated in this study will be available from the corresponding author, Zhishun Liu, upon reasonable request
and in accordance with institutional and ethical requirements.

Ethics Approval and Consent to Participate

This study has received ethical approval from the Ethics Committee of Guang’anmen Hospital, China Academy of
Chinese Medical Sciences (Approval No. 2025-090-KY). Written informed consent will be obtained from all participants
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