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Background: Although acupuncture has shown therapeutic potential for asthma, its clinical application is limited by insufficient high-
quality evidence and an incomplete understanding of its neurophysiological mechanisms. This study aims to evaluate the efficacy and
safety of acupuncture in patients with persistent asthma and to further investigate its central mechanisms.

Methods: This randomized, sham-controlled neuroimaging trial will enroll 72 patients with mild-to-moderate persistent asthma.
Participants will be randomly assigned in a 1:1 ratio to receive either genuine or sham acupuncture. The intervention comprises 12
sessions over 4 weeks. The primary outcome is the change in the Asthma Control Test score from baseline to week 4. Secondary
outcomes encompass scores from the Asthma Quality of Life Questionnaire, Self-Rating Anxiety Scale, Self-Rating Depression Scale,
Pittsburgh Sleep Quality Index, Montreal Cognitive Assessment, along with forced expiratory volume in 1 second and fractional
exhaled nitric oxide levels. Cerebral changes will be assessed via magnetic resonance imaging conducted before and after the treatment
course. Statistical analyses will adhere to the intention-to-treat principle and will employ analysis of covariance and linear mixed-
effects models. Furthermore, correlation and mediation analyses will be performed to investigate the relationships between clinical
improvements and neuroimaging data, thereby exploring potential neurobiological mechanisms of acupuncture.

Discussion: This randomized controlled trial aims to evaluate the clinical efficacy and central neural mechanisms of acupuncture in
patients with persistent asthma. The findings are expected to provide evidence supporting its therapeutic role. By elucidating the
underlying neuroregulatory mechanisms, this study may contribute to a more mechanism-informed and optimized application of
acupuncture in asthma management.

Trial Registration: This trial is registered on the International Traditional Medicine Clinical Trial Registry (http://itmctr.ccebtcm.org.
cn/) on April 2025 (ITMCTR2025000737).
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Introduction

Asthma is a chronic inflammatory airway disorder characterized by bronchial hyperresponsiveness and recurrent
symptoms such as wheezing, chest tightness, cough, and dyspnea.' It affects approximately 300 million individuals
worldwide, with a prevalence ranging from 4.1% to 32% across populations.”® Despite advances in pharmacological
therapy, a substantial proportion of patients remain inadequately controlled, and approximately 40% experience persistent
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symptoms requiring long-term management.* Poor asthma control is associated with impaired quality of life (QoL) and
increased risks of disease progression, disability, and mortality.” Current guidelines from the Global Initiative for Asthma
(GINA) and European Respiratory Society/American Thoracic Society emphasize the goal of asthma treatment is to
achieve total control or well-controlled asthma symptoms, including minimization of adverse outcomes risk and
symptom burden.®” However, although inhaled corticosteroids combined with long-acting B,-agonists are effective, long-
term use may be associated with adverse effects and does not fully address unmet clinical needs.®” Therefore, adjunctive
non-pharmacological interventions are increasingly being explored.

Acupuncture, a key component of traditional Chinese medicine, has demonstrated potential benefits in respiratory
conditions such as allergic rhinitis and chronic obstructive pulmonary disease (COPD).'*'" Emerging evidence suggests
that acupuncture may improve asthma symptoms and QoL.'? However, current evidence remains inconclusive because
previous acupuncture studies in asthma have often been limited by small sample sizes, insufficiently justified sample size
calculations, heterogeneous intervention protocols, and reliance on patient-reported outcomes. In addition, few studies
have incorporated objective physiological measures or mechanistic assessments, which limits the interpretation of both
clinical efficacy and underlying biological pathways.'*™'> Meanwhile, the underlying therapeutic mechanism has not
been fully elucidated, thus limiting further application and promotion of acupuncture.

Although asthma has traditionally been regarded as a peripheral inflammatory airway disease, emerging evidence
highlights the role of the lung—brain axis in its pathophysiology. Recent studies have demonstrated that asthma is
associated with structural and functional alterations in the brain that correlate with disease severity and airway
inflammation.'®'” Furthermore, neural regulation has become an increasingly important therapeutic target, as reflected
by the use of interventions such as anticholinergic agents and non-invasive vagus nerve stimulation.'® The autonomic
nervous system contributes to the regulation of bronchial smooth muscle tone, airway sensory perception, and neuroim-
mune interactions within the airway. Dysregulated afferent and efferent signaling between the airways and central
nervous system may therefore amplify symptom perception and inflammatory responses. This provides a biological
rationale for considering the brain and related neural circuits as potential therapeutic targets in asthma. Previous
neuroimaging studies of acupuncture have shown that acupuncture stimulation may modulate activity and functional
connectivity in brain regions.'” These findings suggest that acupuncture may exert systemic therapeutic effects partly
through central modulation rather than through purely peripheral mechanisms. However, whether such brain changes are
associated with improvements in asthma control has not been sufficiently investigated. In addition, identifying neuroima-
ging features associated with treatment response may help generate hypotheses regarding which patients are more likely
to benefit from adjunctive acupuncture in future individualized asthma management.

Therefore, this randomized, sham-controlled trial incorporating neuroimaging is designed to (1) evaluate the efficacy
and safety of acupuncture in patients with persistent asthma and (2) investigate its potential central mechanisms,
particularly in relation to the lung—brain axis. We hypothesize that acupuncture, when used as an adjunctive intervention
to routine pharmacological treatment, will produce a clinically meaningful improvement in asthma control compared
with sham acupuncture in patients with mild-to-moderate persistent asthma. We further hypothesize that these clinical
improvements will be associated with acupuncture-induced changes in brain function within neural systems related to
respiratory perception, autonomic regulation, and affective processing, thereby providing preliminary evidence for

a lung—brain axis mechanism.

Methods

Study Design

This study is a randomized, sham-controlled, single-blind clinical trial incorporating neuroimaging. The protocol adheres
to the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT 2025)*° statement (see
Supplementary File) and the trial will be conducted in accordance with the Consolidated Standards of Reporting Trials
(CONSORT 2025)*' and the Revised Standards for Reporting Interventions in Clinical Trials of Acupuncture
(STRICTA)* guidelines.
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Figure | Schematic diagram.
Abbreviations: FEVI, forced expiratory volume in | second; FeNO, fractional exhaled nitric oxide; MRI, magnetic resonance imaging.

The study will be conducted at the Hospital of Chengdu University of Traditional Chinese Medicine from April 2025
to June 2027. The trial consists of a 2-week baseline period, a 4-week treatment phase, and an 8-week follow-up period.
A total of 72 participants with persistent asthma will be randomly assigned in a 1:1 ratio to either the acupuncture group
or the sham acupuncture group.

Demographic characteristics will be collected during the enrollment and screening period (week —2). Patient-reported
outcome measures (PROMs) will be evaluated at baseline (week 0), after treatment (week 4), 1% follow-up (week 8) and 2™
follow-up (week 12). Magnetic resonance imaging (MRI) scan, forced expiratory volume in 1 second (FEV) and fractional
exhaled nitric oxide (FeNO) will be performed at the baseline and the end of the treatment. Figure 1 and Table 1 provide the
detailed information of the study design.

Participants

Participants will be recruited from the outpatient department of the Hospital of Chengdu University of Traditional
Chinese Medicine and from the community through advertisements and health promotion activities. Eligibility will be
assessed by a respiratory specialist. All eligible participants will receive a detailed explanation of the study procedures,
risks, and benefits, and written informed consent will be obtained prior to enrollment.
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Table | Schedule of Enrolment, Interventions, and Assessments

Study Period

Enrolment | Allocation | Intervention Period | Follow-Up Period

Timepoint (week) -2 0 2 4 8 12
Enrolment:

Eligibility screen X

Informed consent X

Demographical X

characteristics

Physical examination X

Randomization & Allocation X

Interventions:

Acupuncture group —eeeeeet

Sham acupuncture group —eeeet

Assessments:

ACT X X X X
AQLQ X X X X
MoCA X X X X
PSQI X X X X
SAS X X X X
SDsS X X X X
FEVI X X

FeNO X X

MRI scan X X

Safety monitoring X X X X X

Note: “X” indicates that the corresponding procedure, intervention, or assessment is performed at the specified time point. The
black solid line indicates the duration of the intervention period.

Abbreviations: ACT, Asthma Control Test; AQLQ, Asthma Quality of Life Questionnaire; FeNO, fractional exhaled nitric oxide;
FEVI, forced expiratory volume in | second; MoCA, Montreal Cognitive Assessment; MRI, magnetic resonance imaging; PSQI,
Pittsburgh Sleep Quality Index; SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale.

Inclusion Criteria

Patients will be enrolled if they fulfill all of the following criteria: (1) age from 18 to 65 years; (2) diagnosis of mild-to-
moderate persistent asthma according to GINA 2024, defined by: a) a documented history of variable respiratory
symptoms, including wheeze, shortness of breath, chest tightness, or cough; b) objective evidence of variable expiratory
airflow limitation, such as an increase in FEV of >12% and >200 mL after bronchodilator administration. ¢) mild asthma
is defined as asthma that can be controlled with low-intensity treatment, such as as-needed low-dose ICS—formoterol or
low-dose ICS-containing controller therapy. Moderate asthma is defined as asthma that is well controlled with Step 3 or
Step 4 treatment, such as low- or medium-dose ICS/LABA; (3) right-handedness; (4) absence of concurrent participation
in other trials and no history of acupuncture therapy within the previous 30 days; (5) provision of written informed
consent.

Exclusion Criteria

Patients will be excluded if they meet any of the following criteria: (1) presence of other significant respiratory
diseases (eg., bronchiectasis, tuberculosis, lung abscess, or restrictive lung disease); (2) active malignancy or severe
systemic diseases that may compromise safety; (3) asthma symptoms occurring exclusively after exposure to specific
allergens or chemical irritants; (4) pregnancy, lactation, or planned pregnancy within the next 6 months; (5)
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contraindications to acupuncture (eg., local skin infection or bleeding disorders); (6) contraindications to MRI (eg.,
ferromagnetic implants or pacemakers).

Randomization, Allocation Concealment, and Blinding

An independent statistician will generate the randomization sequence using PASS software (version 15.0; NCSS, LLC,
USA) with a 1:1 allocation ratio. Allocation concealment will be ensured using sequentially numbered, opaque, sealed
envelopes prepared by an independent researcher. The allocation will be revealed only after enrollment, immediately
prior to the first treatment session.

Due to the nature of the intervention, acupuncturist cannot be blinded. However, participants, outcome assessors, and
data analysts will remain blinded to group allocation. To minimize potential bias, treatments will be administered in
separate rooms to prevent communication between participants. To evaluate the success of participant blinding,
participants will be asked after the final treatment session to guess their group allocation.

Interventions

Participants will continue their routine pharmacological treatment throughout the study. Permitted medications include
maintenance therapies such as inhaled corticosteroid/long-acting B,-agonist combinations (eg., salmeterol/fluticasone or
formoterol/budesonide), and salbutamol metered-dose inhaler (100 pg per puff) will be provided as rescue medication.
Participants will be instructed to maintain stable medication regimens during the study. Any additional treatments will be
allowed only in emergency situations and will be fully documented.

Medication use will be monitored throughout the trial. At each study visit, research staff will review the diary and
verify changes in medication use. Participants will be instructed not to change their regular controller medication during
the study unless clinically necessary. Any change in controller medication, rescue medication use, or additional treatment
for asthma exacerbation will be documented in the case report form. Changes in maintenance therapy or frequent rescue
medication use will be considered in sensitivity analyses where appropriate.

The acupuncture and sham acupuncture groups select the same acupoints including bilateral Taiyuan (LU9), Lieque
(LU7), and Chize (LUSY). Details of each acupoint are shown in Figure 2 and Table 2. Treatments will be administered
three times per week for 4 weeks, totaling 12 sessions. All procedures will be performed by a licensed acupuncturist with
at least 5 years of clinical experience and standardized training.

Acupuncture Intervention

Participants will be treated in a supine position. After skin disinfection, adhesive pads will be applied to the acupoints,
and sterile disposable needles (0.25 x 25 mm and 0.25 x 40 mm; Suzhou Hua Tuo Medical Instruments Co., Ltd., China)
will be inserted through the pads. Needles will be inserted to depths of 5-10 mm at LU9 and LU7, and 20-30 mm at LUS
(Figure 3A). Manual stimulation will be applied using bidirectional rotation (90°-180°) combined with vertical move-
ments (3—5 mm amplitude) at a frequency of 60-90 cycles per minute to elicit the degi sensation (eg., soreness,
numbness, distension, or heaviness). Needles will be retained for 30 minutes, with manual stimulation repeated every
10 minutes.

The acupoints LU9, LU7, and LUS were selected because they are key acupoints of the Lung meridian and are
commonly used for respiratory disorders in traditional acupuncture practice. The selection of these acupoints was
finalized through expert consensus among licensed acupuncturists and respiratory physicians and was informed by
previous clinical use of acupuncture for asthma and respiratory symptoms.

Sham Acupuncture Intervention

The sham acupuncture procedure will follow the same protocol as the acupuncture group, except that non-penetrating
blunt-tipped needles will be used. These will be placed against the skin at the same acupoints to produce a minimal
sensation without skin penetration (Figure 3B). The same treatment duration and procedural schedule will be maintained,
but no attempt will be made to elicit the deqi sensation. Although non-penetrating sham acupuncture may not be

Journal of Asthma and Allergy 2026:19 https: 5



Mao et al

Figure 2 Locations of acupoints | LU5 (Chize), on the cubital crease, on the radial side of the tendon of biceps brachii; LU7 (Lieque), on the radial margin of the forearm, 1.5
cun above the transverse crease of the wrist, between the brachioradial muscle tendon and the long abductor muscle tendon of thumb; LU9 (Taiyuan), on the radial side of
the transverse crease of the wrist, where the radial artery pulsates.

physiologically inert, it is considered an appropriate control for reducing expectation-related and contextual effects in
acupuncture trials.

Outcome Measures

Baseline demographic and clinical data will be collected prior to randomization. Outcome measures will be assessed at
baseline, post-treatment, and during follow-up (weeks 8 and 12), except where otherwise specified. MRI, FEV;, and
FeNO will be assessed at baseline and after treatments. An overview of all measurements is presented in Table 1.

Primary Outcome

The primary outcome is the change in the Asthma Control Test (ACT)* score from baseline to week 4. The ACT is
a validated instrument consisting of five items assessing activity limitation, shortness of breath, nocturnal symptoms, use
of rescue medication, and overall asthma control. Scores range from 5 to 25, with lower scores indicating poorer asthma

control.

Table 2 Locations of Acupoints

Acupoints Location
Chize (LU-5) On the cubital crease, on the radial side of the tendon of biceps brachii.
Lieque (LU-7) On the radial margin of the forearm, 1.5 cun above the transverse crease of the wrist, between the brachioradial muscle tendon

and the long abductor muscle tendon of thumb.

Taiyuan (LU-9) On the radial side of the transverse crease of the wrist, where the radial artery pulsates.
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Figure 3 Acupuncture device: (A) acupuncture; (B) sham acupuncture | a. acupuncture needle; b. blinding plastic cover; c. body skin; d. sharp needle tip; e. blunt needle tip.

Secondary Outcomes
The secondary outcomes include asthma-related quality of life, lung function, airway inflammation, cognitive function,
sleep quality, anxiety, depression, and the durability of asthma control after treatment.

The Asthma Quality of Life Questionnaire (AQLQ)** will be used to assess asthma-specific quality of life. It includes
domains related to symptoms, activity limitation, emotional function, and environmental stimuli. Higher scores indicate
better asthma-related quality of life. The AQLQ has been widely used and validated in asthma clinical studies. FEV1 will be
measured by spirometry and used as an objective indicator of airway function. Higher FEV1 values indicate better expiratory
airflow. FeNO will be measured as a non-invasive marker of type 2 airway inflammation, with higher values generally
indicating greater eosinophilic airway inflammation. The Montreal Cognitive Assessment (MoCA)* will be used to assess
global cognitive function. Total scores range from 0 to 30, with higher scores indicating better cognitive performance. The
Pittsburgh Sleep Quality Index (PSQI)*® will be used to assess sleep quality over the previous month. Total scores range from
0 to 21, with higher scores indicating poorer sleep quality. The Zung Self-rating Anxiety Scale (SAS)*’ and Zung Self-rating
Depression Scale (SDS)*® will be used to assess anxiety and depressive symptoms, respectively, with higher scores indicating
more severe symptoms. In addition, changes in ACT score from baseline to weeks 8 and 12 will be analyzed as secondary
outcomes to evaluate the persistence of treatment effects after the intervention period.

MRI Data Acquisition

MRI scans will be performed using a 3.0 Tesla Siemens scanner (Siemens, Munich, Germany). High-resolution
T1-weighted images and resting-state functional MRI data will be acquired using standardized parameters at the
Imaging Center of Chengdu Fifth People’s Hospital, Sichuan, China. The scanning parameters are detailed below:

* High-resolution three-dimensional T1-weighted: repetition time (TR)/echo time (TE) = 1900ms/2.26ms; voxel size
=1x1x 1 mm?®; matrix size = 256 x 256; and field of view (FOV) =256 x 256 mm®.

« Resting-state functional MRI: TR/TE = 2000ms/30ms; voxel size=3.75 x 3.75 x 5 mm”; flip angle = 90°; matrix =
64 x 64, slice thickness = 5 mm, total volume = 240 and FOV = 240 x 240 mm”.

Journal of Asthma and Allergy 2026:19 https: 7



Mao et al

Participants will be instructed to maintain regular routines for 24 hours before scanning and to avoid caffeine,
smoking, and sleep deprivation. Before scanning, participants will rest for 30 minutes in a quiet environment. During
scanning, they will be instructed to remain still, keep their eyes closed, and avoid deliberate cognitive activity.

Safety Assessment

All adverse events (AEs) will be recorded throughout the study, including their onset, duration, severity, and management.
Potential AEs include subcutaneous hemorrhage, infection, and pain related to acupuncture. The relationship between AEs
and the intervention will be assessed. Serious adverse events will be reported promptly to the ethics committee.

Safety outcomes will include the incidence, type, severity, duration, management, and relatedness of adverse events
and serious adverse events. Safety analyses will be conducted using the safety set, defined as all randomized participants
who receive at least one treatment session. Adverse events will be summarized by treatment group using frequencies and
percentages. Between-group comparisons of adverse event incidence will be performed using the chi-square test or
Fisher’s exact test, as appropriate. Serious adverse events and intervention-related adverse events will be described
individually.

Data Management

Data will be collected and stored by independent outcomes assessor via the case report form, with subsequent entry into
electronic data acquisition system. To ensure data integrity, two research associates will conduct a double check, and only
principal investigators have the access to the full dataset. Following study completion, the data management will be
locked up, and unable to be modified. The evidence-based medicine center of the CDUTCM is responsible for
monitoring the study and data every 3 months and will make the final decision to terminate the trial.

Quality Control
To ensure study quality and reproducibility, the protocol has been reviewed by experts in acupuncture, statistics,
methodology, and neuroimaging. All study personnel will receive standardized training prior to trial initiation.

Sample Size

The sample size was determined by considering both the clinical primary outcome and the neuroimaging component of
the trial. For the clinical primary outcome, the primary endpoint is the between-group difference in the change in ACT
score from baseline to week 4. A 3-point difference in the ACT was used as the target clinically meaningful effect.”” To
adopt a conservative assumption, the pooled standard deviation was set at 4 points. With a two-sided a of 0.05 and 80%
power, this calculation requires approximately 29 participants per group. For the neuroimaging component, this study is
designed to explore treatment-related changes in brain function. Assuming a moderate-to-large standardized effect size of
0.75 for exploratory fMRI outcomes, with a two-sided a of 0.05 and 80% power, approximately 29 participants per group
are required.’® This sample size is also consistent with methodological considerations suggesting that neuroimaging
studies generally require sample sizes in the range of approximately 20-30 participants per group to improve statistical
stability and reproducibility.®'~** Therefore, both the clinical endpoint calculation and the neuroimaging-based estimation
support a target of approximately 29 evaluable participants per group. Thus, to account for a potential dropout rate of
20%, a total of 72 participants is planned to be recruited.

Statistical Analysis
Clinical Data Analysis
Continuous variables will be presented as mean (standard deviation) or median (interquartile range) and analyzed using
independent #-tests or Mann—Whitney U-tests as appropriate. Categorical variables will be summarized as frequencies
(percentages) and analyzed using chi-square or Fisher’s exact tests.

The primary outcome, defined as the change in ACT score from baseline to week 4, will be analyzed using analysis of
covariance, with treatment group as the fixed factor and baseline ACT score as the covariate. Model assumptions,
including linearity, normality of residuals, homogeneity of variance, and influential observations, will be assessed. If
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substantial violations are identified, appropriate data transformation, robust standard errors, or nonparametric sensitivity
analyses will be considered, rather than replacing the primary analysis model. Longitudinal changes in repeated outcomes
measured at baseline, week 4, week 8, and week 12 will be analyzed using linear mixed-effects models, with fixed effects
for group, time, and group-by-time interaction and a random intercept for participants. This model will be used for
secondary longitudinal analyses, including ACT changes at weeks 8 and 12 and other repeated patient-reported outcomes.

All analyses will adhere to the intention-to-treat principle. Independent statistician will conduct these analyses using
either R (version 4.4.2; R Foundation for Statistical Computing, Vienna, Austria) or SPSS (version 26.0; IBM Corp.,
Armonk, NY, USA). A two-sided p value of <0.05 will be designated as statistically significant. For handling missing
data, the multiple imputation method will be applied under the assumption that data are missing at random. Comparisons
for the secondary outcomes are considered exploratory and will not be adjusted.

MRI Data Analysis

Functional MRI data will undergo preprocessing via fMRIPrep (version 1.5.3), encompassing procedures including co-
registration, brain extraction, brain tissue segmentation, spatial normalization, unwarping, and skull-stripping.
Subsequent to this minimal preprocessing, several analytical approaches will be implemented in MATLAB 2021b
(MathWorks Inc., Natick, MA, USA) to examine the cerebral responses to acupuncture treatment. These will include
calculations of the amplitude of low-frequency fluctuation, seed-based functional connectivity, large-scale functional
brain network analysis, and dynamic connectivity analyses. Finally, Pearson correlation analyses will be employed to
quantify the relationships between alterations in brain activity and improvements in clinical outcomes within each study
group.

Relevant potential confounders, including baseline clinical characteristics, medication use, and head motion para-
meters in MRI analyses, will be documented and considered in sensitivity or exploratory analyses where appropriate.

Discussion
Asthma remains a major global public health challenge, characterized by substantial morbidity and a significant burden
on healthcare systems. Despite the widespread use of guideline-recommended pharmacological therapies, optimal asthma
control remains difficult to achieve in a considerable proportion of patients.*®> Real-world evidence suggests that only
a small fraction of patients achieve well-controlled asthma, highlighting persistent unmet clinical needs.** In addition,
concerns regarding long-term medication use, particularly corticosteroids, continue to affect treatment adherence and
patient acceptance.’® These limitations have stimulated growing interest in complementary and integrative therapeutic
approaches. The present study is designed to evaluate the efficacy and safety of acupuncture for persistent asthma using
a rigorously designed randomized, sham-controlled trial, while simultaneously exploring its central mechanisms through
neuroimaging. By integrating clinical outcomes with objective physiological and neuroimaging measures, this study aims
to provide more comprehensive and mechanistic evidence than previous investigations.

This trial incorporates several methodological features that enhance its scientific rigor. First, the inclusion of
a predefined MCID for the primary outcome strengthens both the clinical relevance and interpretability of the
results.*® This approach ensures that observed effects are not only statistically significant but also clinically meaningful.
The use of an MCID-based framework is intended to distinguish clinical relevance from statistical significance. The
interpretation of the trial findings will consider both the estimated effect size and its clinical relevance, rather than relying
solely on p values. Second, the study employs a combination of PROMs and objective physiological indicators. While
the ACT and AQLQ capture patient-centered outcomes, objective measures such as FEV; and FeNO provide comple-
mentary assessments of lung function and airway inflammation.?” This multidimensional evaluation framework improves
the robustness of efficacy assessment and addresses a major limitation of previous studies that relied predominantly on
subjective outcomes. Third, the integration of neuroimaging represents a key innovation. Resting-state functional MRI
allows for the investigation of functional brain alterations associated with acupuncture, providing an opportunity to
bridge clinical effects with underlying neural mechanisms.

A major strength of this study lies in its mechanistic framework based on the lung—brain axis. Although asthma has
traditionally been conceptualized as a peripheral inflammatory airway disease, accumulating evidence indicates that

Journal of Asthma and Allergy 2026:19 https: 9



Mao et al

central nervous system processes play a critical role in its pathophysiology. Neuroimaging studies have demonstrated
structural and functional brain alterations in patients with asthma, which are associated with disease severity and
symptom burden.'®!”>® In addition, neural pathways involving the brainstem, thalamus, and cortical regions contribute
to the regulation of airway function and perception of respiratory symptoms.'® Acupuncture is known to exert
modulatory effects on central neural networks, including regions involved in sensory processing, autonomic regulation,
and emotional modulation.'® Previous studies have suggested that acupuncture can alter functional connectivity patterns
and that these changes may correlate with clinical improvements.*® Therefore, it is biologically plausible that acupunc-
ture may alleviate asthma symptoms by modulating the lung-brain axis, influencing both physiological and perceptual
components of the disease. However, direct evidence linking acupuncture-induced brain changes to clinical outcomes in
asthma remains limited. By combining neuroimaging with clinical assessments, this study is expected to provide novel
insights into whether central modulation represents a key mechanism underlying the therapeutic effects of acupuncture.
However, direct evidence linking acupuncture-induced brain changes to clinical outcomes in asthma remains limited. By
combining neuroimaging with clinical assessments, this study is expected to provide novel insights into whether central
modulation represents a key mechanism underlying the therapeutic effects of acupuncture.

If the findings of this study demonstrate clinically meaningful improvements in asthma control, they may support the
integration of acupuncture as an adjunctive therapy in asthma management. This could be particularly relevant for
patients with suboptimal control, medication intolerance, or concerns regarding long-term pharmacotherapy. Second,
demonstrating a mechanistic link between acupuncture-induced brain changes and asthma symptom control would
strengthen the rationale for targeting the lung-brain axis in respiratory medicine. Third, the identification of specific
neuroimaging biomarkers may enable a precision medicine approach, helping to identify which asthma patients are most
likely to benefit from acupuncture. Several limitations should be acknowledged. First, the 4-week treatment period is
designed primarily to assess short-term treatment effects, and the 8-week follow-up can provide only preliminary
information on durability. Asthma is a chronic disease, and longer treatment and follow-up periods may be required to
determine sustained clinical efficacy. Second, neuroimaging changes observed over this timeframe should be interpreted
cautiously, as some treatment-related neural adaptations may require longer periods to stabilize. Third, although the sham
acupuncture procedure is designed to improve blinding and reduce specific needling effects, non-penetrating sham
acupuncture may still induce sensory and contextual responses and therefore may not be completely inert.

In summary, this randomized, sham-controlled, single-blind neuroimaging trial is designed to evaluate the efficacy
and safety of acupuncture as an adjunctive intervention for patients with persistent asthma and to explore potential central
mechanisms related to the lung—brain axis. If the trial demonstrates clinically meaningful benefits and acceptable safety,
the findings may help identify selected patient groups who could benefit from adjunctive acupuncture and may provide
preliminary neuroimaging evidence to guide future mechanism-informed and individualized studies. These potential
implications remain conditional on the trial results and should be confirmed in larger, multicenter studies with longer
follow-up.

Trial Status
The recruitment began on April 15, 2025, and is anticipated to end on June 30, 2027.

Abbreviations

ACT, Asthma Control Test; AEs, adverse events; AQLQ, Asthma Quality of Life Questionnaire; COPD, chronic
obstructive pulmonary disease; FEV;, forced expiratory volume in 1 second; FeNO, fractional exhaled nitric oxide;
FOV, field of view; GINA, Global Initiative for Asthma; MCID, minimal clinically important difference; MoCA,
Montreal Cognitive Assessment; MRI, magnetic resonance imaging; PROMs, patient-reported outcome measures;
PSQI, Pittsburgh Sleep Quality Index; QoL, quality of life; RCT, randomized controlled trial; SAS, Zung Self-rating
Anxiety Scale; SDS, Zung Self-rating Depression Scale; TCM, traditional Chinese medicine.
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