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Purpose: Vascular parkinsonism (VP) is a form of secondary parkinsonism caused by cerebrovascular disease and is typically 
associated with progressive cognitive decline, which greatly disrupts patients’ daily lives and well-being. Vascular parkinsonism with 
mild cognitive impairment (VP-MCI) represents an early and potentially reversible stage of cognitive dysfunction, and an important 
window for early intervention. However, effective therapies for VP-MCI remain limited. Acupuncture is a non-pharmacological 
intervention that has shown potential benefits for motor and cognitive functions in vascular-related disorders. This study aims to 
evaluate the effectiveness and safety of acupuncture in patients with VP-MCI and to explore possible mechanisms.
Patients and Methods: This is a prospective, two-center, randomized, controlled, and assessor-blinded clinical trial. A total of 105 
patients with VP-MCI and 12 healthy controls will be enrolled. Patients will be randomly assigned to acupuncture, sham acupuncture, 
or waiting-list groups. Participants in the intervention groups will receive verum or sham acupuncture three times per week for 
8 weeks (24 sessions in total), with each session lasting 30 minutes. Patients in the waiting-list group will receive acupuncture after 
completion of the trial. The primary outcome is the Montreal Cognitive Assessment (MoCA). Secondary outcomes include the Mini- 
Mental State Examination (MMSE), Part III of the Unified Parkinson’s Disease Rating Scale (UPDRS-III), Activities of Daily Living 
(ADL), Transcranial Color-Coded Doppler (TCCD), serum neurofilament light chain (sNfL) levels, and diffusion tensor imaging 
(DTI).
Discussion: This trial is designed to provide clinical evidence for the efficacy of acupuncture in alleviating cognitive impairment in 
VP-MCI, and to explain its underlying mechanism. The findings are expected to support acupuncture as a potential complementary 
therapy for the early management of VP-MCI.
Keywords: vascular parkinsonism, cognitive function, acupuncture, neurofilament light chain, diffusion tensor imaging

Introduction
Parkinsonism, a clinical manifestation defined by bradykinesia, rest tremor, rigidity, or postural instability, is most 
typically brought on by idiopathic Parkinson’s disease (PD).1 However, secondary factors account for a significant 
proportion of the cases. Vascular parkinsonism (VP) is a unique pathological type caused by cerebrovascular disease, 
accounting for around 4.4–12% of all parkinsonism patients.2 Population aging coupled with increasing prevalence of 
cerebrovascular disease has led to the growing burden of VP.3

Neuropsychiatric Disease and Treatment 2026:22 585695                                                      1
© 2026 Yu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Neuropsychiatric Disease and Treatment                                          

Open Access Full Text Article

https://doi.org/10.2147/NDT.S585695
Received: 1 December 2025
Accepted: 5 February 2026
Published: 27 February 2026

N
eu

ro
ps

yc
hi

at
ric

 D
is

ea
se

 a
nd

 T
re

at
m

en
t d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-3479-4852
http://orcid.org/0000-0003-0872-7995
http://orcid.org/0000-0002-7296-8219
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


A neuropathological feature of PD is the loss of dopaminergic neurons in the substantia nigra pars compacta, 
accompanied by the formation of Lewy bodies composed of misfolded α-synuclein.4 In contrast, the pathophysiology 
of VP is less well defined. It is thought to result from a combination of cerebrovascular changes and neurodegenerative 
alterations. Vascular injury may disrupt the cortico-basal ganglia connection, thereby impairing the cortico-striato-pallido 
-thalamo-cortical motor circuit.5 These pathological differences give rise to distinct clinical subtypes of VP. Acute or 
subacute post-stroke VP is relatively uncommon and involves direct damage to the nigrostriatal pathway. It is often 
associated with asymmetric symptoms and partial responsiveness to dopaminergic therapy.6,7 The more common 
insidious-onset VP is characterized by symmetric gait instability of the lower limbs as well as a high incidence of non- 
motor symptoms, especially cognitive dysfunction and dysuria. This subtype has preserved dopamine transporter 
function and therefore limited response to dopaminergic treatment.8

A number of cardiovascular and cerebrovascular risk factors have been found to contribute to the development of the 
VP. These are old age, hypertension, hyperlipidemia, heart disease, type 2 diabetes, and smoking.9 These metabolic states 
can damage the operation of the neurovascular unit through causing vascular endothelial damage and destabilizing the 
blood–brain barrier, thereby leading to a worsening of white matter pathology. The accompanying dysregulated immune 
responses then further promote the development of VP.10

Neuropathological alterations in VP are intimately related to cerebral small vessel disease, most commonly presenting 
as lacunar infarctions and white matter lesions (WMLs). Brain MRI in VP patients frequently reveals extensive 
periventricular WMLs. These are accompanied by lacunes, mostly in the basal ganglia, as well as enlargement of the 
lateral and third ventricles.11 Previously, WMLs were considered a normal aspect of aging. WMLs are now recognized 
for their role in disrupting white matter tracts and impairing cortico-subcortical connectivity.12 It may account for a key 
mechanism for characteristic cognitive deficits of VP.

Patients with VP exhibit a combination of motor and non-motor symptoms, largely determined by the extent of 
cerebrovascular pathology. Cognitive impairment is one of the most prominent non-motor features, particularly in the 
insidious-onset subtype. Approximately 73.5% of patients develop cognitive impairment, with progression to dementia 
reported in 60–80% of cases.13–15 Cognitive impairment in VP typically reflects subcortical dysfunction and is 
characterized by deficits in executive function, attention, planning, judgment, abstract thinking, and verbal fluency.16 

Previous research has indicated that cognitive impairment is more common and severe in VP than in PD, with greater 
impairments in working memory, attention, and language function.9,16 A crucial therapeutic window for early interven
tion is heightened by mild cognitive impairment (MCI), the prodromal stage of dementia. Unfortunately, current 
treatment options for cognitive impairment in VP remain inadequate. Most approaches are largely adapted from therapies 
for vascular cognitive impairment. N-methyl-D-aspartate receptor antagonists and cholinesterase inhibitors are com
monly used, but their efficacy is modest. They are also frequently accompanied by side effects, including gastrointestinal 
discomfort, dizziness, and cardiovascular complications.17

Acupuncture, as a traditional Chinese medical therapy, has been shown to improve qi and blood circulation, mental 
regulation, and cognitive performance. Evidence indicates that acupuncture modulates brain regions associated with 
cognition, therefore enhancing cognitive abilities, promoting quality of daily life, and delaying the progression of 
dementia.18 These beneficial effects may be mediated by mechanisms involving the attenuation of inflammatory 
responses, reduction of oxidative stress, normalization of central cholinergic pathway activity, mitigation of excitotoxi
city within the central nervous system, and modulation of brain-derived neurotrophic factor levels and plasticity of 
synaptic connections.19–23 However, there are few high-quality randomized controlled trials (RCTs) directly on vascular 
parkinsonism with mild cognitive impairment (VP-MCI). Most existing studies have focused on broader categories of 
vascular cognitive impairment or PD-related cognitive decline, and hence their findings may not be relevant to VP-MCI. 
Moreover, previous studies have mostly used clinical outcome measures, with limited use of biological or neuroimaging 
measures to investigate the mechanisms of cognitive changes in VP. Diffusion tensor imaging (DTI) and serum 
neurofilament light chain (sNfL) provide complementary measures of white matter microstructural integrity and 
neuroaxonal damage, respectively, and this may enhance the mechanistic explanation of clinical outcomes. Therefore, 
this study aims to evaluate the efficacy of acupuncture in patients with VP-MCI and to explore the possible underlying 
mechanisms.
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Materials and Methods
Study Design
The Ethics Committee of First Teaching Hospital of Tianjin University of Traditional Chinese Medicine (approval 
number: TYLL2025[K] No.024) and the Ethics Committee of Affiliated Hospital of Tianjin Academy of Traditional 
Chinese Medicine (approval number: LLKY2025-77) have both provided their approval. The trial has been registered in 
International Traditional Medicine Clinical Trial Registry (number: ITMCTR2025001041). This study will be held in 
conformity with the guidelines of the Declaration of Helsinki and has been reported following the Standard Protocol 
Items: Recommendations for Interventional Trials (SPIRIT). This is a prospective, two-center, randomized, controlled, 
and assessor-blinded clinical trial. Eligible patients will be randomized to one of three groups: acupuncture, sham 
acupuncture, or the waiting-list group. Figure 1 shows a detailed flowchart for this trial.

Participant and Recruitment
Recruitment will take place in the aforementioned two hospitals. Recruitment information will be distributed via a variety 
of approaches, including posters and social networking sites like WeChat. Participants interested in this trial will be given 
details about the purpose of the research, methods, potential risks and benefits. If patients decide to join after receiving 

Figure 1 Flowchart of trial process. 
Abbreviations: VP-MCI, vascular parkinsonism with mild cognitive impairment; MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; UPDRS-III, 
Part III of the Unified Parkinson’s Disease Rating Scale; ADL, Activities of Daily Living; TCCD, Transcranial Color-Coded Doppler; sNfL, serum neurofilament light chain; 
DTI, diffusion tensor imaging.
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this information, they will go through a preliminary clinical assessment with qualified Traditional Chinese Medicine 
(TCM) practitioners who have at least five years of clinical experience. Eligible patients will have to fill out a written 
informed consent form.

Eligibility Criteria
Diagnostic Criteria: The diagnosis of VP has been determined using previous clinical criteria.7 The following criteria will 
be considered: (1) The presence of parkinsonian syndrome, characterized by bradykinesia and no less than one of the 
following kinds of symptoms: resting tremor, muscular rigidity, or postural instability (excluding that caused by primary 
visual, vestibular, cerebellar, or proprioceptive abnormalities). (2) Evidence of cerebrovascular disorders, either indicated 
by neuroimaging findings or manifested as focal signs and symptoms resulting from stroke. (3) A clear temporal 
relationship between conditions (1) and (2), meaning that parkinsonian features appear acutely after a stroke or gradually 
within one year of the cerebrovascular event. (4) Exclusion of parkinsonism caused by repeated head trauma, encepha
litis, frontal lobe tumors, normal-pressure hydrocephalus, or the use of antipsychotic medications.

Inclusion Criteria for VP-MCI patients: (1) Men and women between the ages of 40 and 80; (2) Meeting the 
diagnostic criteria for VP; (3) 20 < Mini-Mental State Examination (MMSE) score ≤24; (4) 20 < Montreal Cognitive 
Assessment (MoCA) score ≤26; (5) Right-handed; (6) Willingness to give written, informed consent in order to 
participate in this study.

Exclusion Criteria for VP-MCI patients: (1) The existence of cognitive impairment before VP was diagnosed; (2) 
Coexisting disorders of the central nervous system; (3) Brain surgery history; (4) History of suicidal ideation or tendency, 
severe psychiatric disorders (eg, schizophrenia), or treatment with antipsychotic medications; (5) Presence of other 
severe organic diseases or conditions that could interfere with the assessment of cognitive function; (6) Contraindications 
to MRI or inability to cooperate with the examination for other reasons; (7) Using drugs that are known to impair 
cognitive function, either presently or in the past.

Inclusion Criteria for healthy subjects: (1) Men or women aged 40 to 80 years; (2) Able to provide a valid health 
examination report within the past six months; (3) Right-handed; (4) Willingness to give written, informed consent in 
order to participate in this study.

Exclusion Criteria for healthy subjects: (1) History of brain surgery; (2) Presence of any central nervous system 
disorders; (3) History of suicidal tendencies, severe psychiatric disorders (eg, schizophrenia), or prior treatment with 
antipsychotic medications; (4) Using drugs that are known to impair cognitive function, either presently or in the past; (5) 
Contraindications to MRI or inability to cooperate with the examination for other reasons.

Withdrawal and Termination Criteria
Withdrawal Criteria: (1) Participants who stop taking part in the study for any reason; (2) Participants who cannot be 
contacted due to relocation or changes in contact information; (3) Individuals concurrently participating in other research 
projects; (4) Participants who fail to comply with study assessments or demonstrate poor adherence.

Termination Criteria: (1) Participants who experience adverse reactions and are deemed by the researcher to be unfit 
to proceed with the study; (2) Participants who develop serious adverse events, complications, or disease deterioration 
requiring emergency medical intervention.

During the trial, investigators will retain all original study records and document in detail the reasons and timing for 
any participant’s withdrawal or study termination.

Randomization and Allocation Concealment
A random sequence of numbers will be generated using SPSS 26.0 (IBM Corp., Armonk, NY, USA). Eligible 
participants will be assigned with a 1:1:1 ratio to the acupuncture, sham acupuncture, or waiting-list groups. 
A research assistant at each clinical site, who is independent of other study activities, will carry out the randomization 
process. To guarantee the allocation remains concealed, the randomization results will be kept in opaque, sealed 
envelopes with sequential numbers.
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Blinding
Participants will remain unaware of which group they are in and will be treated in an independent space to prevent 
chatting among them. However, blinding of the waiting-list group is not feasible. The acupuncturists will not be blinded 
during the procedure because of the nature of the operation. The treatment allocation will be kept hidden from outcome 
assessors and statisticians throughout the trial. This process is maintained to prevent bias during data collection and 
statistical analysis. Unblinding will be conducted by the study center upon completion of data analysis. In the event of 
any serious adverse events or medical emergencies, emergency unblinding will be carried out.

Intervention
Standard Treatment
All patients will receive standard treatment, including therapy for parkinsonian syndromes (eg, anticholinergics and 
dopamine receptor agonists) and management of stroke and its associated risk factors (eg, antiplatelet therapy, blood 
pressure control, blood glucose management, and lipid regulation). Medication dosages will remain unchanged unless 
medical adjustments are necessary. Any changes will be recorded in the case report forms (CRFs). Additionally, no non- 
pharmacological therapies, other than acupuncture, will be provided during the trial.

Acupuncture Group
Participants in this group will get verum acupuncture intervention. They will be placed in the supine position. Sterile, 
disposable needles from Huatuo (Suzhou, China) will be used. These needles are 0.25 mm in diameter and 40 mm in 
length. The treatment protocol includes twelve acupoints: Neiguan (PC6), Renzhong (GV26), Baihui (GV20), 
Sishencong (EX-HN1), Fengchi (GB20), Wangu (GB12), Tianzhu (BL10), Sibai (ST2), Shenmen (HT7), Fenglong 
(ST40), Sanyinjiao (SP6), and Taichong (LR3).24 All bilateral acupoints will be needled on both sides. The locations and 
procedures for manipulating the acupoints are detailed in Table S1. The needles will be kept for 30 minutes. Participants 
will receive acupuncture sessions on three occasions weekly over eight weeks.

Sham Acupuncture Group
Ten non-acupoints will receive sham acupuncture. The non-acupoints in this group will be chosen based on sites located 
off the meridians but adjacent to the acupoints used in the acupuncture group, which is a commonly adopted method in 
sham acupuncture design.25 Superficial needling will be applied at these non-acupoints without eliciting the Deqi 
sensation. The locations and procedures for manipulating the non-acupoints are detailed in Table S2. Figure 2 shows 
the specific layout and positions of the selected non-acupoints. The qualifications and requirements for acupuncturists 
will be identical to those in the acupuncture group.

Waiting-List Group
Participants assigned to the waiting-list group will only receive standard treatment during the first 16 weeks after 
randomization. After the waiting period, they will be compensated with verum acupuncture therapy, with the same 
treatment procedure as the acupuncture group, following the waiting period.

Healthy Control Group
Healthy volunteers will be recruited to undergo the same DTI scanning protocol. Their data will serve as baseline 
references, allowing precise identification of specific white matter changes in patients with VP-MCI following acupunc
ture treatment.

Outcomes Measurement
We will record baseline demographic and clinical characteristics for all participants, including age, sex, education 
background, illness duration, treatment history, and current concomitant medications. The detailed timeline for the 
assessment is presented in Table 1.
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Primary Outcome
MoCA 
The MoCA will be used to evaluate cognitive function. It is a screening tool that has been shown to outperform the MMSE in 
identifying MCI.26 It tests multiple cognitive domains including memory, executive function, attention, language, abstraction, 
naming, delayed recall, and orientation.27 The MoCA is particularly sensitive to executive dysfunction.28 A score of 26 or 
below indicates cognitive impairment, with lower scores reflecting poorer cognitive performance.27

Secondary Outcomes
MMSE 
We will also administer the MMSE. Its high specificity complements the MoCA, providing a more balanced and 
comprehensive cognitive evaluation.29 The MMSE assesses orientation, memory, attention, language, and visuospatial 
ability.30 It contains 30 items. Scores decline as cognitive function worsens.

Figure 2 Location of the acupoints and non-acupoints. Blue dots represent acupoints, including Neiguan (PC6), Renzhong (GV26), Baihui (GV20), Sishencong (EX-HN1), Fengchi 
(GB20), Wangu (GB12), Tianzhu (BL10), Sibai (ST2), Shenmen (HT7), Fenglong (ST40), Sanyinjiao (SP6), and Taichong (LR3). Red dots represent non-acupoints (NA1–NA10).

Table 1 The Timeline for Assessment

Time Point Baseline Treatment Phase Follow-Up Phase

Week 0 Week 1 Week 8 Week 16

Enrollment

Eligibility screen √ × × ×

Informed consent √ × × ×

Randomization √ × × ×

Interventions

Acupuncture group × 24 sessions treatment √

Sham acupuncture group × 24 sessions treatment √

(Continued)
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Part III of the Unified Parkinson’s Disease Rating Scale (UPDRS-III) 
UPDRS-III will be used to rate the severity of motor symptoms, which has been revised by the Movement Disorder 
Society.31 UPDRS-III is a commonly used tool for motor impairment in patients having parkinsonian syndromes. An 
increase in scores shows a greater level of motor impairment.32

Activities of Daily Living (ADL) 
Functional independence in everyday life will be measured with the help of the ADL. The version that we used is based 
on Lawton and Brody.33 This tool has two components, namely the Physical Self-Maintenance Scale (PSMS) and 
Instrumental Activities of Daily Living (IADL). A score higher than 14 indicates ADL impairment, with higher scores 
reflecting greater limitations in daily living activities and poorer quality of life.

Transcranial Color-Coded Doppler (TCCD) 
TCCD will be used to evaluate cerebral hemodynamics. The analysis will enable the establishment of the peak systolic 
velocity (Vp) and the mean flow velocity (Vm). Such measurements will be made based on bilateral internal carotid 
arteries (ICA), anterior cerebral arteries (ACA), and middle cerebral arteries (MCA).

Serum Neurofilament Light Chain (sNfL) 
Previous studies have shown that sNfL is a biomarker that indicates neuroaxonal damage and cognitive decline.34 

Approximately 5 mL of blood will be collected from the antecubital vein into a plain vacuum tube (without 
anticoagulant) under sterile conditions. The blood collected will be centrifuged at 3000 rotations per minute for 
15 minutes. Serum will be aliquoted in the cryovials and stored at −80°C. sNfL levels will be quantified using 
enzyme-linked immunosorbent assay (ELISA).

DTI Acquisition and Analysis 
We plan to investigate the neurological mechanisms by which acupuncture can relieve symptoms of VP-MCI. Twelve 
participants will be randomly selected from each of the acupuncture and sham acupuncture groups to undergo DTI 
scanning at weeks 0 and 8. In addition, 12 healthy controls will be recruited to complete DTI scanning.

Table 1 (Continued). 

Time Point Baseline Treatment Phase Follow-Up Phase

Week 0 Week 1 Week 8 Week 16

Waiting-list group × No treatment √

Assessment

MoCA √ × √ √

MMSE √ × √ √

UPDRS-III √ × √ √

ADL √ × √ √

TCCD √ × √ ×

sNfL √ × √ ×

DTI scan √ × √ ×

Abbreviations: MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; 
UPDRS-III, Part III of the Unified Parkinson’s Disease Rating Scale; ADL, Activities of Daily Living; 
TCCD, Transcranial Color-Coded Doppler; sNfL, serum neurofilament light chain; DTI, diffusion 
tensor imaging.
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We will perform all MRI scans with a GE Healthcare Discovery MR750 3.0 T scanner. This machine features an 
8-channel head-neck coil. For structural imaging, a 3D-T1 BRAVO sequence will be acquired using the following 
parameters: repetition time (TR)/echo time (TE) = 8.16/3.18 ms, flip angle (FA) = 12°, slice thickness = 1.0 mm, field of 
view (FOV) = 256 × 256 mm2, matrix = 256 × 256, and 188 sagittal slices. DTI will be performed using the following 
parameters: TR/TE = 6000/61 ms, FA = 90°, slice thickness = 3.0 mm, interslice gap = 0 mm, number of slices = 50, 
FOV = 256 × 256 mm2, matrix = 128 × 128, diffusion weighting (b-value) = 1000 s/mm2, with diffusion gradients 
applied in 64 noncollinear directions.

Follow-Up
Following the 8-week therapy duration, all participants will go through another 8-week follow-up phase. The assessors 
will contact participants by telephone prior to each scheduled follow-up visit. If there is no response after one week of 
continuous attempts, or if a participant indicates unwillingness to cooperate, the case will be considered lost to follow-up, 
and subsequent follow-up procedures will be discontinued.

Safety Assessment
Adverse events (AEs) are the vital markers to assess the safety of treatment. Any adverse reaction caused by acupuncture 
will be noted, such as bleeding, hematoma, pain, or retention of the needle. The AEs will be monitored on CRFs and the 
information will include the time, the degree, and how it was addressed. In case of any serious adverse event (SAE), it 
will be reported immediately to the ethics committee. The committee has the authority to suspend the trial temporarily in 
response to any reported SAE.

Sample Size Estimation
The sample size calculation is based on changes in the MoCA score as the primary outcome. Since the differential effects 
of acupuncture on VP-MCI have not yet been reported, we estimated the sample size based on a related study, which 
found that Tiaoshen Yizhi acupuncture improved MoCA scores with a pooled Cohen’s d of 0.83, compared with the 
control group.24 Given the exploratory nature of the present trial, this effect size was used as a reference for 
a conservative sample size calculation, corresponding to a Cohen’s f of 0.4 for a three-group design.35 A priori power 
analysis using G*Power 3.1.9.7 (α = 0.05, power = 0.90, f = 0.4) indicates that 28 participants per group are required. 
Considering an expected 20% attrition rate, we plan to recruit 35 participants per group, resulting in a total of 105 
participants.

Data Collection and Management
The CRFs will be filled on paper by two independent workers before the start of the research. The data will be registered 
in Microsoft Excel by a specified data manager. Data accuracy will then be verified by another research assistant so as to 
ensure the accuracy of the data entries. Any records that we keep will be confidential. The data will be monitored and 
validated on a frequent basis during the study. The original documents will be kept in First Teaching Hospital of Tianjin 
University of Traditional Chinese Medicine.

Quality Control
Before the start of the study, all research personnel will participate in standardized training sessions covering the study 
objectives, protocol, and quality control procedures. The acupuncture treatments will be performed by registered 
acupuncturists with a minimum of five years of clinical experience. Prior to the study, they will receive further training 
and assessments to make sure that all acupuncture procedures are consistent.

Statistical Analysis
Data will be analyzed with SPSS 26.0 (IBM Corp., Armonk, NY, USA). Baseline characteristics will be summarized with 
descriptive statistics. The normality of continuous data will be examined using the Kolmogorov–Smirnov test. Normally 
distributed data will be reported as mean ± standard deviation, whereas non-normal data as median with interquartile 
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range. Baseline differences among the three groups will be evaluated using one-way analysis of variance (ANOVA) or 
Kruskal–Wallis H-test for continuous variables, and chi-squared or Fisher’s exact tests for categorical variables.

The intention-to-treat principle will be applied. Missing outcome data will be handled using the multiple imputation 
method. Intervention effects on primary and secondary outcomes will be analyzed using a linear mixed-effects model 
(LMM). Fixed effects will include group, time, and time-by-group interaction. Baseline values will be incorporated as 
covariates following the analysis of covariance (ANCOVA) principle. A random intercept will be included for each 
participant, and a random slope for time will be considered if it significantly improves the model fit, as assessed by 
likelihood ratio tests. Model estimation will use maximum likelihood, and a first-order autoregressive covariance 
structure will be applied unless alternative structures show better model fit. A p-value < 0.05 will be considered 
statistically significant. Bonferroni correction will be used for the analyses of primary outcomes, secondary outcomes, 
and post hoc analyses to prevent inflation of the Type I error.

Structural MRI (3D-T1 BRAVO) images will be preprocessed using the Statistical Parametric Mapping software 
(SPM8; Wellcome Department of Imaging Neuroscience, London, UK) in MATLAB 2016 (MathWorks, Natick, MA, 
USA). DTI data will be processed with FSL 5.0.10 (FMRIB Software Library; University of Oxford, UK). In this study, 
fractional anisotropy will be calculated and analyzed by tract-based spatial statistics. Associations between imaging 
measures and clinical variables will be examined using Pearson or Spearman correlation tests based on data distribution.

Dissemination
The findings from this trial will be submitted for publication in peer-reviewed journals.

Anticipated Results
Our primary hypothesis is that acupuncture will lead to greater improvements in cognitive function, compared with both 
sham acupuncture and waiting-list controls. As secondary hypotheses, we anticipate improvements in motor perfor
mance, activities of daily living, and cerebral hemodynamics. At the mechanistic level, we hypothesize that these clinical 
effects are accompanied by underlying neural and biological changes rather than reflecting behavioral effects alone. 
Specifically, we propose that functional improvement will be associated with alterations in the integrity of white matter 
tracts relevant to cognitive and motor networks, together with changes in sNfL levels, a biomarker of neuroaxonal injury. 
These anticipated findings are expected to provide preliminary neurovascular and structural insights into the mechanisms 
underlying the effects of acupuncture in patients with VP-MCI.

Discussion
Non-motor symptoms of VP, particularly cognitive impairment, are increasingly recognized as major determinants of 
quality of life. Cognitive impairment has thus become a major clinical issue in this population. However, it has not been 
given due consideration as a distinct research focus and it is often contrasted within the broader category of vascular 
cognitive impairment. Importantly, cognitive impairment in VP appears to have its own unique pathophysiological 
mechanisms. A transcranial magnetic stimulation study provided neurophysiological evidence of impaired cortical- 
subcortical communication, potentially linked to GABAergic system dysfunction, which could result in motor and 
cognitive symptoms.36 Moreover, sensorimotor integration abnormalities have been reported, which included 
a decrease in cholinergic activity and impaired glutamatergic synaptic plasticity. These impairments are closely related 
to deficiencies in executive function, attention, and verbal memory.37 Global cognition assessed using the MoCA and 
MMSE could provide a clinically relevant measure of treatment response in this trial. With these developments, there are 
still few effective treatment options for cognitive impairment in VP. This emphasizes the need for novel therapeutic 
strategies.

Acupuncture has been extensively researched in its neurotrophic and neuroprotective effects. This non- 
pharmacological therapy presents a promising way of treating VP-MCI. VP-MCI may be categorized as the patterns 
of “tremor”, “amnesia”, and “dementia” in TCM, which is often attributed to obstruction of cerebral orifices and 
insufficiency of brain marrow. Accordingly, the Tiaoshen Yizhi acupuncture prescription24 will be used in this study, 
whereby the selection of acupoints is guided by TCM principles targeting at clearing the orifices, opening the mind, 
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strengthening the root and balancing the spirit. In line with these traditional concepts, previous studies indicate that 
needling at acupoints in this protocol like GV20 and GB20 is correlated with increased cerebral blood flow within the 
anterior and posterior circulation territories.38,39 Moreover, stimulation at acupoints including PC6, GV26, SP6, and 
GV20 is associated with less oxidative stress, inflammation, and iron overload, better cerebral perfusion and motor 
performance.40 Evidence from neuroimaging studies also show that acupuncture could promote neuroplastic changes by 
increasing the functional connectedness and neural activity of cognitive networks.41,42

Given that previous research suggests potential biological effects of acupuncture, its clinical impact on cognition, 
motor performance, activities of daily living, and cerebral hemodynamics in patients with VP-MCI has not been 
adequately studied. Therefore, this study will also evaluate these functionally relevant domains to provide a more 
comprehensive assessment of clinical response. While behavioral and cognitive scales reflect symptom severity, they 
provide limited insight into underlying neurobiological changes. To fulfill the exploratory objective of uncovering neural 
mechanisms, DTI and sNfL will be employed in this trial. Neurofilament light chain is a structural component of 
myelinated axons and serves as a marker of neuroaxonal injury.43 Elevated sNfL levels have been associated with the 
severity of WMLs and cognitive decline,44 suggesting its potential relevance in VP-MCI. However, how sNfL levels 
change over time and respond to therapeutic intervention remains unclear. DTI provides a noninvasive approach for 
assessing white matter microstructural integrity beyond conventional MRI. Previous studies suggest that acupuncture 
may influence white matter organization and functional network connectivity.45–47 We hypothesize that the core 
pathology of VP-MCI is primarily related to widespread microstructural disruption of white matter networks rather 
than macroscopic lesions. DTI is therefore anticipated to be an excellent tool for identifying microstructural changes 
relevant to this hypothesis.

The selection of control condition plays an important role in measuring the treatment effects in acupuncture RCTs. 
The purpose of including sham acupuncture and waiting-list groups is to account for nonspecific influences, such as 
placebo responses, expectancy effects, and natural disease progression, thereby enabling a more precise understanding of 
the specific effects of acupuncture.48 There are several limitations in this study. First, due to constraints in equipment 
availability and financial resources, only a subset of participants will undergo DTI scanning. This may have an effect on 
the generalizability of the findings, even so, it is expected to provide useful preliminary data for exploratory analysis. 
Second, because of the inherent nature of acupuncture procedures, achieving complete blinding is difficult and may bring 
about expectation bias. Nevertheless, employing blinded outcome reviewers may reduce this risk. Third, the acupuncture 
prescription in this trial is based on TCM theory. This approach reflects real-world clinical practice, but it also limits the 
ability to isolate the specific contribution of individual acupoints. In particular, while participants will be recruited from 
two hospitals, the external validity of the findings may be limited by the fact that they are located in the same city. 
Finally, the relatively long treatment duration may increase the risk of participant dropout. To overcome this problem, 
strict follow-up management and patient education will be implemented to improve adherence.

Conclusion
Taken together, this trial is designed to evaluate the clinical effectiveness of acupuncture for patients with VP-MCI and 
to explore potential underlying mechanisms. The findings are expected to provide preliminary evidence to support the 
early management of cognitive decline in this population and to inform future mechanistic and clinical research in VP- 
MCI.
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RCTs, randomized controlled trials; VP-MCI, vascular parkinsonism with mild cognitive impairment; DTI, diffusion 
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Mental State Examination; CRFs, case report forms; UPDRS-III, Part III of the Unified Parkinson’s Disease Rating 
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