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Background: Mild cognitive impairment (MCI) is an intermediary condition 
between typical cognitive decline that occurs owing to aging and dementia. It 
is necessary to implement an intervention to slow the progression from MCI to 
Alzheimer’s disease. This manuscript reports the protocol for a clinical trial on 
the effect of acupuncture in patients with MCI.

Methods: The trial will be  a randomized, prospective, parallel-arm, active-
controlled trial. Sixty-four patients with MCI will be randomized to the Rehacom 
or acupuncture group (n  =  32 each). The participants in the acupuncture 
group will receive electroacupuncture at GV24 (Shenting) and GV20 (Baihui) 
and acupuncture at EX-HN1 (Sishencong) once (30  min) a day, twice per week 
for 12  weeks. The patients in the Rehacom group will receive computerized 
cognitive rehabilitation using RehaCom software once (30  min) daily, twice 
weekly for 12  weeks. The primary outcome measure is the change in the 
Montreal Cognitive Assessment Scale score. The secondary outcome measures 
are the Geriatric Depression Scale, Alzheimer’s Disease Assessment Scale-
Korean version-cognitive subscale-3 scores, and European Quality of Life Five 
Dimensions Five Level Scale. The safety outcomes will include the incidence 
of adverse events, blood pressure, blood chemistry parameters, and pulse rate. 
The efficacy outcome will be assessed at baseline and at six weeks, 13  weeks, 
and 24  weeks after baseline.

Discussion: The findings of this protocol will provide information regarding the 
effects of acupuncture on MCI.

Clinical trial registration: https://cris.nih.go.kr/cris/search/detailSearch.
do?search_lang=E&focus=reset_12&search_page=M&pageSize=10&page=un
defined&seq=25579&status=5&seq_group=25579, KCT0008861.
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1 Introduction

Mild cognitive impairment (MCI), an intermediary condition 
between typical cognitive decline owing to aging and dementia, is a 
slight impairment in memory or other cognitive domains. MCI has 
no significant effects on daily living and does not meet the diagnostic 
criteria for Alzheimer’s disease (AD) (1, 2). In China, the prevalence 
of MCI increases with age from 11.9% in the 60s to 33.1% in the 90s 
or older (3). MCI in older adults is at a higher risk of progressing to 
AD (4). A previous five-year follow-up study reported that the 
annual conversion rates to dementia among older Chinese adults 
were 6.3 and 1.6% at baseline for participants with MCI and normal 
cognitive ability, respectively (5). The cognitive ability of patients 
with MCI may stabilize or return to normal status; however, 
progression to AD is more common. The annual incidence rates of 
MCI and dementia were reported to be 4.1 and 5.17%, respectively, 
in a previous cohort study. Notably, the rate of conversion to probable 
AD is high in the United States (241.3/1000 person-years), and MCI 
reverts to normal cognition in only few cases (6). AD is an 
irreversible condition; thus, early detection of MCI and the 
prevention of its progression may be urgent and important in the 
management of AD (7).

The demand for effective interventions for treating MCI is 
growing; however, no drugs supported by high-quality evidence have 
been recommended for treating MCI (8). Nevertheless, new 
management measures, such as regular exercise, cognitive training, 
and the management of modifiable risk factors, may aid in effectively 
managing MCI (9, 10).

Acupuncture, a technique involving the application of manual 
and electrical stimulation after inserting needles into acupoints, has 
been used for treating cognitive decline, including MCI (11, 12). 
The therapeutic effects of acupuncture on MCI have been reported 
in several systematic reviews and meta-analyses. Acupuncture was 
safe and effective for MCI when used as an alternative or adjunctive 
treatment compared with that observed when sham acupuncture, 
medication, and usual care were used as treatment (12–16). A 
systematic review of neuroimaging studies revealed that 
acupuncture may have an effect on the regulation of the central 
executive network, salience network, and default mode network, 
especially in the prefrontal cortex, cingulate cortex, and 
hippocampus in patients with MCI (17). Moreover, acupuncture 
was found to have modulatory effects on various regions of the 
brain in patients with MCI in a regional homogeneity-based meta-
analysis (18). The potential therapeutic mechanisms of acupuncture 
include the restoration of the blood–brain barrier, downregulation 
of Aβ accumulation and tau protein phosphorylation, enhancement 
of synaptic plasticity, reduction of neuroinflammation, 
improvement of mitochondrial activity, and reduction of neuronal 
apoptosis (19). In a network meta-analysis that compared the 
efficacy of nine interventions for MCI, acupuncture and music 
therapy were found to have improved cognitive function in patients 
with MCI; thus, these treatment options may be favored for treating 
MCI (20).

Several studies have been conducted on the efficacy of 
acupuncture for MCI; however, the methodological quality of these 
studies has been insufficient in providing convincing evidence (12–
18). Our manuscript describes the protocol for a rigorously designed 
clinical study that aims to explore the effects of acupuncture on 

MCI. The findings of this trial will provide evidence regarding the 
efficacy of acupuncture for MCI.

2 Methods and analysis

2.1 Objective

 1 We intend to investigate the efficacy of acupuncture for MCI 
by comparing its effect on cognitive improvement with that of 
computerized cognitive rehabilitation (CCR).

 2 We intend to evaluate the ability of acupuncture to improve the 
quality of life, memory, and depressive symptoms in patients 
with MCI.

 3 We also intend to explore the safety of acupuncture in patients 
with MCI.

2.2 Hypothesis

 1 The acupuncture group compared with the control group will 
show a better effect in improving cognitive ability.

 2 Significant improvement in quality of life, memory, and 
depressive symptoms will be  observed in the 
acupuncture group.

 3 EA is a safe therapy for patients with MCI.

2.3 Study design and setting

The trial will be  a randomized, single-center, prospective, 
parallel-arm, active-controlled trial. Sixty-four patients with MCI 
will be randomized to the Rehacom or acupuncture group (n = 32 
each). All patients will be  educated on self-management and 
exercises techniques. The acupuncture group will receive 
acupuncture treatment once daily, twice weekly for 12 weeks, 
whereas the Rehacom group will receive CCR treatment using 
RehaCom software once a day, twice per week for 12 weeks. The 
duration of each session of acupuncture treatment and CCR 
treatment will be 30 min. The efficacy outcome will be assessed at 
baseline (week 0), 6 weeks after baseline (week 7), 13 weeks after 
baseline (week 13), and 12 weeks after baseline (week 24). Table 1 
presents the schedule for assessment, enrollment, and 
intervention. Figure 1 presents the flowchart of this study. Our 
manuscript complies with the Standard Protocol Items: 
Recommendations for Interventional Trials Reporting Checklist 
(Additional file 1) (21).

2.4 Participant recruitment

Recruitment will be conducted at the Dongshin University 
Gwangju Korean Medicine Hospital, Republic of Korea, using 
local newspaper advertisements, community posters, and 
advertisements on the Internet. Potentially eligible individuals will 
receive an explanation regarding the aims and objectives of the 
trial from the investigator and clinical research coordinator 
(CRC). Only the participants who voluntarily sign the informed 
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consent form before participation will be  included in the 
trial. Patients will be screened using the inclusion and exclusion 
criteria. The CRC will explain the schedule of the next visit at each 
visit and adjust the schedules to ensure compliance with 
the protocols.

2.5 Inclusion

(1) Elderly adults aged between 55–85 years, (2) patients with 
memory problems persisting for at least three months who meet the 
diagnostic criteria for MCI (22), (3) patients with a Global 
Deterioration Scale score of 2 or 3, (4) patients with a Korean Mini-
Mental State Examination score of 20–23, (5) patients with a Korean 
version of Montreal Cognitive Assessment scale (MoCA-K) score of 
0–22, (6) patients with a Geriatric Depression Scale (GDS) score of 

0–18, (7) patients with at least six years of education or adequate 
proficiency in Korean language to facilitate reliable study assessments, 
and (8) patients who are capable of providing informed 
consent voluntarily.

2.6 Exclusion criteria

(1) Diagnosis of vascular dementia in accordance with the 
NINDS-AIREN criteria or diagnosis of AD according to the NINCDS-
ADRDA criteria; (2) a history of structural brain diseases that could 
result in cognitive disorder, such as congenital mental retardation, 
intracranial space-occupying lesions, traumatic brain injury, or stroke; 
(3) a history of serious illness, such as Huntington disease, Parkinson’s 
disease, cancer, central nervous system, liver, cardiovascular, and 
kidney diseases, and multiple sclerosis; (4) a history of neurological 

TABLE 1 Trial schedule according to the SPIRIT guidelines.

Study period

Enrolment Allocation Post-allocation Close-out

Timepoint Screening Visit1-12 Visit13 Visit14-24 Visit25 Visit26

Week −2 to 0 1–6 7 7–12 13 24

Enrolment

Informed consent X

Sociodemographic 

profile

X

Medical history X

Vital signs X X X X X X X

Inclusion/exclusion 

criteria

X

Allocation X

K-MMSE, Global 

Deterioration scale

X

Interventions

Acupuncture or 

computer-based 

cognitive rehabilitation

X X X X

Education on exercise 

and self-management

X X X X

Assessments

Change of medical 

history

X X X X X

Occurrence of adverse 

events

X X X X X

Blood chemistry test X X

MoCA-K X X X X X

GDS X X X X X

ADAS-K-cog 3 X X X X

EQ-5D-5L X X X X

SPIRIT, Standard Protocol Items Recommendations for Interventional Trials; K-MMSE, Korean Mini-Mental State Examination; MoCA-K, Korean version of the Montreal Cognitive 
Assessment scale; GDS, Geriatric Depression Scale; ADAS-K-cog 3, Alzheimer’s Disease Assessment Scale-Korean version-cognitive subscale-3; EQ-5D-5L, European Quality of Life Five 
Dimension Five Level scale.
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disease within the preceding 12 months confirmed using brain 
magnetic resonance imaging or computed tomography; (5) a history 
of alcohol, drug abuse, or mental illness (depression, serious anxiety, 
or schizophrenia) within six months prior to screening; (6) currently 
receiving treatment for MCI, such as Korean medicine treatment, 
drug, or cognitive training within 4 weeks prior to screening; (7) 
difficulties with outcome measures due to visual and hearing 
impairments; (8) unfit to receive EA owing to the presence of blood-
clotting abnormalities, such as scalp infection, the presence of a 
pacemaker, or hemophilia; (9) pregnancy or breastfeeding; (10) 
participation in another study within 8 weeks prior to screening or 
current participation in another study.

2.7 Dropout and violation criteria

Dropout criteria: (1) incidence of any serious adverse event 
(SAE), (2) incomplete data that could impact the results, (3) 

withdrawal of consent for participation, or (4) exclusion from the 
study deemed necessary by the Institutional Review Board (IRB) 
or principal investigator (PI).

Exclusion from the per-protocol set analysis will 
be mandated for participants who demonstrate (1) remarkable 
protocol violation or serious deviation in protocol 
implementation and (2) an intervention compliance rate of 
<75% (completed less than 18 of the 24 scheduled 
intervention sessions).

2.8 Randomization

The participants will be  randomized to the Rehacom or 
acupuncture group (n = 32 each) after a screening visit in 
accordance with random numbers generated using SPSS (version 
21.0; IBM). The random code will be sealed in an opaque envelope 
and stored in a cabinet with a double lock.

FIGURE 1

Flow chart of this study.
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2.9 Implementation

Allocation and random number generation will be conducted by 
an independent investigator who is not involved in this study. The 
enrollment procedures will be performed by the CRC.

2.10 Blinding

Statisticians, assessors, and data analysts will be blinded to the 
allocation during the trial process. Unblinding will be permitted with 
the approval of the IRB if SAEs occur. Only investigators with no 
conflicts of interest will be  involved in the trial to avoid bias. All 
researchers will be  trained in blinding procedures prior 
to participation.

2.11 Interventions

2.11.1 Acupuncture treatment
Acupuncture treatment will be  provided by licensed Korean 

medical doctors. The physicians will use the same technique to ensure 
compliance with this protocol. We  adopted the acupuncture 
treatment methods, including the stimulation parameters of EA, 
based on those used in our preliminary study and acupuncture 
clinical studies for MCI (13, 16, 23, 24). The participants in the 
acupuncture group will receive electroacupuncture (EA) at GV24 
(Shenting) and GV20 (Baihui), along with acupuncture at EX-HN1 
(Sishencong). Single-use sterile acupuncture needles (DB106; size, 
0.25 × 30 mm; Dongbang Medical Co., Ltd., Seongnam, Republic of 
Korea) and an EA stimulator (STN-330; Stratek, Co.,Ltd., Anyang, 
Republic of Korea) will be used in the trial. In the supine position, the 
anterior EX-HN1, GV20 (Baihui), and GV24 (Shenting) will 
be punctured in the anterior direction. The right, posterior, and left 
EX-HN1 (Sishencong) will be punctured in the direction of GV20 
(Baihui). After the acupuncture needles are inserted, they will 
be retained in the acupoints for 30 min without manual stimulation. 
EA will be applied at GV24 (Shenting) and GV20 (Baihui) using the 
following parameters: voltage, 0–5 V; frequency, 3 Hz; and continuous 
waves. Participants in the acupuncture group will receive 24 sessions 
of acupuncture twice weekly for 12 weeks, with each session lasting 
for 30 min.

2.12 Computerized cognitive rehabilitation 
treatment

Patients in the Rehacom group will receive CCR treatment in the 
seated position using RehaCom software. Rehacom consists of a large 
screen and an input panel that is used to train elderly individuals in 
several cognitive domains, including attention, verbal memory, 
delayed and episodic memory, and processing speed, as well as 
executive functions. All participants will receive training on the same 
tasks for equal durations (min/task) in each session. The training will 
be initiated at the beginner level of the training task, and the difficulty 
levels will be  adjusted to meet the participant’s ability (23, 25). 
Participants in the CCR group will receive 24 sessions of CCR twice 
weekly for 12 weeks, with each session lasting for 30 min.

Management of modifiable risk factors, such as smoking, 
diabetes, hypertension dyslipidemia, cerebrovascular and heart 
disease, lower education level, regular exercise, rural residential 
status, and independent living, can be effective in the improvement 
of cognitive function in patients with MCI (3, 10). Therefore, all 
patients will be  educated on self-management and exercise 
techniques. The CRC will monitor the participants’ medical condition 
at each visit, and the visit schedule will be changed in accordance 
with the participants’ request or the judgement of the PI to increase 
compliance with the study protocol. All participants will continue 
using currently received medications and treatments that do not 
affect their cognitive function during the trial. However, the 
participants will not be  permitted to receive other treatments to 
improve the symptoms of MCI.

2.13 Outcome measurements

2.13.1 Efficacy outcome
The primary outcome measure is the between-group difference in 

changes in MoCA-K scores 13 weeks after baseline. The secondary 
outcome measures of this study are (1) the between-group differences 
in changes in the MoCA-K scores 6 weeks after baseline; (2) the 
between-group differences in changes in the MoCA-K scores 24 weeks 
after baseline, and (3) the changes in the GDS, Alzheimer’s Disease 
Assessment Scale-cognitive subscale-3 (ADAS-K-cog 3), and 
European Quality of Life Five Dimension Five Level scale (EQ-5D-5L) 
scores 6, 13, and 24 weeks from baseline.

MoCA, a screening instrument that is widely used to detect 
MCI, is used to measure the changes in cognitive function. It is a 
30-point test that can evaluate the cognitive domains of orientation 
to place and time, visuospatial/executive function, short-term 
memory recall, concentration, attention, working memory, and 
language (26, 27).

ADAS-K-cog 3 is used to evaluate memory. It includes three tasks 
of the ADAS-K-cog 11 (orientation, word recall, and word 
recognition), which demonstrate no ceiling effects in MCI (28).

GDS is used to identify depression as it can distinguish between 
the symptoms of depression and dementia in elderly people. This is a 
widely used screening instrument for evaluating depressive symptoms 
in elderly individuals (29).

EQ-5D-5L is a commonly used health utility instrument to 
explore quality of life (30). The quality weight of EQ-5D-5L was based 
on a previous study (31).

2.13.2 Safety outcome
Safety assessments will be conducted by comparing the occurrence 

of adverse events (AEs) and the changes in pulse rate, blood pressure, 
and blood chemistry parameters between the two groups.

2.14 Adverse events

The possible AEs include bleeding, skin irritation, dizziness, 
pallor, local hematoma, and fainting. The CRC will record AEs 
occurring during the trial period, including the severity, date and time 
of occurrence, treatment process, and relationship between the AE 
and intervention. All AEs and SAEs will be reported to the PI and IRB 
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and monitored until they stabilize. The participants will 
be compensated according to the applicable regulations in the event 
of SAEs and AEs related to our treatment.

2.15 Quality control

Experts in acupuncture, MCI, statistics, rehabilitation, and 
methodology developed and reviewed this protocol. All researchers 
will receive intensive training before commencing the trial to fully 
understand the protocol and standard operating procedures (SOPs). 
An independent clinical research associate will evaluate all documents 
related to this trial and monitor the trial to ensure that this study is 
conducted according to SOPs and protocols. Any revision of the 
protocol will be approved by the IRB.

2.16 Sample size estimation

We adopted sample sizes from a previous study that was similar 
to our study design and aimed to investigate the efficacy of 
acupuncture for MCI using the MoCA score as the primary outcome. 
In that previous study (32), the sample size was calculated assuming 
an expected curative effect of 90% in the acupuncture group and 
67.9% in the control group, a two-sided alpha level of 0.05, and a 
statistical power of 0.8.

 
n pq

p p
=

−( )
8

1 2 2

In the equation, p1 and p2 represent the original curative effect 
(the rate of cognitive training) and expected curative effect (the rate 

of acupuncture treatment) of 67.9 and 90%, respectively. p = 
p p1 2

2

+  

= 0.79, q = 1 1 1 2

2

− + −p p  = 0.21.

The sample size was estimated as 27 participants per group, and 
assuming a maximum dropout rate of 15%, 64 participants (32 in each 
group) will be included in the trial.

2.17 Statistical analysis

An independent statistician will analyze the final data using SPSS 
software (version 21.0, IBM). A full analysis set will be conducted to 
assess the efficacy of the treatment, and missing data will be inputted 
using the last observation carried forward method. The significance 
level will be  set at 5% (two-tailed). Categorical variables will 
be  expressed as percentages or frequencies, whereas continuous 
variables will be expressed as mean and standard deviation or median 
with an interquartile range. Interim analysis will not be performed.

Friedman test or a one-way repeated-measures analysis of 
variance for intragroup comparisons and analysis of covariance, as 
well as an independent t-test or Mann–Whitney U test will be used for 
intergroup comparisons to analyze the changes in efficacy outcomes. 
Sub-analyses will be conducted according to age (under 70 and over 
70 years old).

The occurrence of AEs between the two groups will be compared 
using the chi-square test or Fisher’s exact test. The Mann–Whitney U 
test or independent t-test will be used for intergroup comparisons to 
analyze the changes in blood chemistry parameters, blood pressure, 
and pulse rate.

2.18 Data management and confidentiality

All documents will be  anonymized to conceal the names of 
participants, and identification codes will be assigned. An investigator 
who is blinded to the group assignment will record all data in an Excel 
file. These electronic data will be password-protected. All identification 
records and data can be accessed after receiving approval from the 
IRB. Raw data will be kept for three years after the study. Participants 
will voluntarily provide written informed consent for the 
dissemination of their individual details.

3 Discussion

Some supporting evidence has been provided for the use of 
acupuncture for MCI; however, the effects of acupuncture on the 
cognitive ability of patients with MCI are controversial owing to low 
methodological quality. We  designed a rigorous clinical trial to 
provide high-quality evidence for the effects of acupuncture on 
MCI. The design of this trial is based on previous studies (12–16, 23) 
and our preliminary study (24).

A preliminary clinical study was conducted to compare the 
effects of CCR combined with EA and CCR alone to explore the 
effects of EA on MCI. EA combined with CCR, which was applied 
simultaneously with EA at Baihui (GV20), Sishencong (EX-HN1), 
Fengchi (GB20), and Shenting (GV24) and Rehacom software 
therapy for 30 min in a sitting position, had no positive add-on 
effects on the depressive symptoms, quality of life, activity of daily 
life, and cognitive ability in patients with MCI in the preliminary 
study (24). This trial has some improvements compared with the 
preliminary study. First, a larger sample size will be used to explore 
the effects of acupuncture on MCI. The preliminary study was a 
pilot study (n = 18  in each group), whereas this trial will have a 
sample size (of 32 in each group) based on that of a previous study. 
Second, the acupuncture treatment method has been modified 
based on the results of the preliminary study. Acupoint specificity, 
psychological factors, and duration of treatment can affect the 
efficacy of acupuncture. The choice of acupoints plays a crucial role 
in ensuring the positive therapeutic effects of acupuncture. GV24 
(Shenting), EX-HN1 (Sishencong), and GV20 (Baihui), the most 
commonly used acupoints in previous studies, will also be used in 
this trial (16, 20). These acupoints are connected to the brain and 
play important roles in cognition (20). The participants in the 
preliminary study received EA stimulation at GV24, GV20, 
EX-HN1, and GB20  in the seated position. However, the 
participants showed resistance to EA treatment owing to discomfort 
in the seated position and the large number of EA stimulations. 
Therefore, in this study, EA will be performed at GV20 (Baihui) and 
GV24 (Shenting) (23) and acupuncture will be  performed at 
EX-HN1 (Sishencong) in the supine position. Moreover, body 
acupuncture will not be  adopted. MCI is a neurodegenerative 

https://doi.org/10.3389/fneur.2024.1346858
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Kim et al. 10.3389/fneur.2024.1346858

Frontiers in Neurology 07 frontiersin.org

disease that progresses slowly; therefore, the treatment duration was 
changed from 8 weeks to 12 weeks to achieve sufficient therapeutic 
effects based on the findings of previous studies (21, 32–34). Third, 
the interventions of the test and control groups were changed from 
EA combined with CCR and CCR to EA and CCR, respectively, to 
explore the effects of EA on MCI rather than add-on effects. 
Previous studies exploring the efficacy of acupuncture for MCI used 
sham acupuncture, pharmacological intervention, and usual care as 
interventions in the control group (12, 13, 15, 32–34). Sham 
acupuncture has been used in clinical studies on acupuncture to 
exclude the placebo effects. However, recent studies have shown 
that sham acupuncture should not be  considered the same as 
placebo owing to the unexpected therapeutic effects of sham 
acupuncture at the same location (35, 36). There are no 
recommended drugs for MCI with a high level of evidence (9, 10). 
Therefore, CCR using Rehacom software will be  used as the 
treatment in the control group. CCR may have positive effects on 
memory, attention, and executive function in patients with MCI 
(37, 38). As Rehacom provides standard tasks with immediate 
feedback, it is useful for the treatment of MCI and clinical trials 
(23). Fourth, the primary efficacy outcome was changed from 
ADAS-K-cog to the MoCA-K. MoCA has been used as the primary 
outcome in recent studies exploring the effects of acupuncture on 
MCI (16, 32, 34, 39). In addition, MoCA has also been used to 
evaluate early cognitive decline and cognitive reserve (CR). CR, a 
concept based on brain plasticity, counteracts the effects of brain 
damage and aging (40). CR has been proposed as a potential 
protective factor against dementia or MCI (41).

Our trial has some limitations. First, all participants will receive 
the same acupuncture treatment without syndrome differentiation as 
this study will follow a fixed acupuncture regimen. Syndrome 
differentiation plays a key role in the clinical decision-making process 
in traditional Chinese medicine and Korean medicine. Personalized 
herbal medicine and acupuncture treatment are prescribed to each 
patient based on the syndrome differentiation (42). Thus, the fixed 
acupuncture regimen may not demonstrate the efficacy of acupuncture 
completely. Second, only an active control group using CCR will 
be used in this study instead of a negative control group using usual 
care or sham acupuncture owing to limitations in research funding 
and research period. Third, neuroimaging outcomes will not 
be adopted to explore the therapeutic mechanism of acupuncture for 
MCI owing to the circumstances of our research institution.

Nevertheless, the findings of this protocol will provide evidence 
regarding the safety and efficacy of acupuncture for treating MCI and 
contribute to the development of an optimal standard acupuncture 
treatment method, thereby increasing the usefulness of acupuncture 
in the treatment of MCI.

Ethics statement

This protocol (version. 1.0) has been approved by the IRB of the 
Dongshin University Gwangju Korean Medicine Hospital (date: 
August 22, 2023; Number: DSGOH-2023-004). This trial will adhere 
to the Korean Good Clinical Practice guidelines and the Declaration 
of Helsinki principles. The risks and purpose of the study will 
be  explained to the participants. Only participants who provide 
written informed consent before participation will be included in this 

study. The final data will be reported to the IRB. The findings of this 
protocol will be published in a reputed journal following peer review.

Author contributions

J-HK: Conceptualization, Funding acquisition, Investigation, 
Project administration, Supervision, Validation, Writing – original 
draft, Writing – review & editing. J-CS: Conceptualization, 
Investigation, Project administration, Supervision, Validation, Writing 
– original draft, Writing – review & editing. A-RK: Data curation, 
Methodology, Resources, Writing – review & editing. B-NS: Data 
curation, Methodology, Resources, Writing – review & editing. G-CP: 
Resources, Software, Visualization, Writing – review & editing. B-KK: 
Formal analysis, Writing – review & editing. J-SL: Formal analysis, 
Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the National Research Foundation of Korea (NRF) grant 
funded by the Korean Government (MSIT) (No. 
NRF-2021R1A2C2007041). The sponsor has no role in the study 
design and will have no role in data collection, analysis, interpretation, 
writing of the report, or the decision to submit the report 
for publication.

Acknowledgments

We express our gratitude to colleagues and our staff at the Korea 
Institute of Oriental Medicine and Dongshin University Gwangju 
Korean Medicine Hospital for their support.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1346858/
full#supplementary-material

https://doi.org/10.3389/fneur.2024.1346858
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1346858/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1346858/full#supplementary-material


Kim et al. 10.3389/fneur.2024.1346858

Frontiers in Neurology 08 frontiersin.org

References
 1. Petersen RC, Caracciolo B, Brayne C, Gauthier S, Jelic V, Fratiglioni L. Mild 

cognitive impairment: a concept in evolution. J Intern Med. (2014) 275:214–28. doi: 
10.1111/joim.12190

 2. Tangalos EG, Petersen RC. Mild cognitive impairment in geriatrics. Clin Geriatr 
Med. (2018) 34:563–89. doi: 10.1016/j.cger.2018.06.005

 3. Jia L, Du Y, Chu L, Zhang Z, Li F, Lyu D, et al. Prevalence, risk factors, and 
management of dementia and mild cognitive impairment in adults aged 60 years or 
older in China: a cross-sectional study. Lancet Public Health. (2020) 5:e661–71. doi: 
10.1016/S2468-2667(20)30185-7

 4. Brooks LG, Loewenstein DA. Assessing the progression of mild cognitive 
impairment to Alzheimer’s disease: current trends and future directions. Alzheimers Res 
Ther. (2010) 2:28. doi: 10.1186/alzrt52

 5. Wong CH, Leung GT, Fung AW, Chan WC, Lam LC. Cognitive predictors for five-
year conversion to dementia in community-dwelling Chinese older adults. Int 
Psychogeriatr. (2013) 25:1125–34. doi: 10.1017/S1041610213000161

 6. Zhang Y, Natale G, Clouston S. Incidence of mild cognitive impairment, conversion 
to probable dementia, and mortality. Am J Alzheimers Dis Other Dement. (2021) 
36:15333175211012235. doi: 10.1177/15333175211012235

 7. Levin OS, Yunishchenko NA, Dudarova MA. Efficacy of akatinol memantine in 
moderate cognitive impairments. Neurosci Behav Physiol. (2010) 40:926–33. doi: 
10.1007/s11055-010-9347-8

 8. Kasper S, Bancher C, Eckert A, Förstl H, Frölich L, Hort J, et al. Management of 
mild cognitive impairment (MCI): the need for national and international guidelines. 
World J Biol Psychiatry. (2020) 21:579–94. doi: 10.1080/15622975.2019.1696473

 9. Chen YX, Liang N, Li XL, Yang SH, Wang YP, Shi NN. Diagnosis and treatment for 
mild cognitive impairment: a systematic review of clinical practice guidelines and 
consensus statements. Front Neurol. (2021) 12:719849. doi: 10.3389/fneur.2021.719849

 10. Petersen RC, Lopez O, Armstrong MJ, Getchius TSD, Ganguli M, Gloss D, et al. 
Practice guideline update summary: mild cognitive impairment: report of the guideline 
development, dissemination, and implementation Subcommittee of the American Academy 
of neurology. Neurology. (2018) 90:126–35. doi: 10.1212/WNL.0000000000004826

 11. Huang Q, Luo D, Chen L, Liang FX, Chen R. Effectiveness of acupuncture for 
Alzheimer’s disease: an updated systematic review and meta-analysis. Curr Med Sci. 
(2019) 39:500–11. doi: 10.1007/s11596-019-2065-8

 12. Deng M, Wang XF. Acupuncture for amnestic mild cognitive impairment: a meta-
analysis of randomised controlled trials. Acupunct Med. (2016) 34:342–8. doi: 10.1136/
acupmed-2015-010989

 13. Kim H, Kim HK, Kim SY, Kim YI, Yoo HR, Jung IC. Cognitive improvement 
effects of electro-acupuncture for the treatment of MCI compared with Western 
medications: a systematic review and Meta-analysis. BMC Complement Altern Med. 
(2019) 19:13. doi: 10.1186/s12906-018-2407-2

 14. He W, Li M, Han X, Zhang W. Acupuncture for mild cognitive impairment and 
dementia: an overview of systematic reviews. Front Aging Neurosci. (2021) 13:647629. 
doi: 10.3389/fnagi.2021.647629

 15. Li W, Wang Q, Du S, Pu Y, Xu G. Acupuncture for mild cognitive impairment in 
elderly people: systematic review and meta-analyses. Med (Baltim). (2020) 99:e22365. 
doi: 10.1097/MD.0000000000022365

 16. Yin Z, Li Y, Jiang C, Xia M, Chen Z, Zhang X, et al. Acupuncture for mild cognitive 
impairment: a systematic review with meta-analysis and trial sequential analysis. Front 
Neurol. (2022) 13:1091125. doi: 10.3389/fneur.2022.1091125

 17. Yin Z, Zhou J, Xia M, Chen Z, Li Y, Zhang X, et al. Acupuncture on mild cognitive 
impairment: a systematic review of neuroimaging studies. Front Aging Neurosci. (2023) 
15:1007436. doi: 10.3389/fnagi.2023.1007436

 18. Ma S, Huang H, Zhong Z, Zheng H, Li M, Yao L, et al. Effect of acupuncture on 
brain regions modulation of mild cognitive impairment: a meta-analysis of functional 
magnetic resonance imaging studies. Front Aging Neurosci. (2022) 14:914049. doi: 
10.3389/fnagi.2022.914049

 19. Yin W, Lv G, Li C, Sun J. Acupuncture therapy for Alzheimer’s disease: the 
effectiveness and potential mechanisms. Anat Rec (Hoboken). (2021) 304:2397–411. doi: 
10.1002/ar.24780

 20. Lai X, Wen H, Li Y, Lu L, Tang C. The comparative efficacy of multiple 
interventions for mild cognitive impairment in Alzheimer’s disease: a bayesian network 
meta-analysis. Front Aging Neurosci. (2020) 12:121. doi: 10.3389/fnagi.2020.00121

 21. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K, et al. 
SPIRIT 2013 statement: defining standard protocol items for clinical trials. Ann Intern 
Med. (2013) 158:200–7. doi: 10.7326/0003-4819-158-3-201302050-00583

 22. American Psychiatric Association. Diagnostic and statistical manual of mental disorders 
(DSM-5®). Washington, DC: American Psychiatric Association Publishing (2013).

 23. Jiang C, Yang S, Tao J, Huang J, Li Y, Ye H, et al. Clinical efficacy of acupuncture 
treatment in combination with RehaCom cognitive training for improving cognitive 
function in stroke: a 2 × 2 factorial design randomized controlled trial. J Am Med Dir 
Assoc. (2016) 17:1114–22. doi: 10.1016/j.jamda.2016.07.021

 24. Kim JH, Han JY, Park GC, Lee JS. Cognitive improvement effects of 
electroacupuncture combined with computer-based cognitive rehabilitation in patients 
with mild cognitive impairment: a randomized controlled trial. Brain Sci. (2020) 10:984. 
doi: 10.3390/brainsci10120984

 25. Nousia A, Martzoukou M, Siokas V, Aretouli E, Aloizou AM, Folia V, et al. 
Beneficial effect of computer-based multidomain cognitive training in patients with mild 
cognitive impairment. Appl Neuropsychol Adult. (2021) 28:717–26. doi: 
10.1080/23279095.2019.1692842

 26. Dong L, Hyde AJ, Zhang AL, Xue CC, May BH. Chinese herbal medicine for mild 
cognitive impairment using Montreal cognitive assessment: a systematic review. J Altern 
Complement Med. (2019) 25:578–92. doi: 10.1089/acm.2018.0346

 27. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin 
I, et al. The Montreal cognitive assessment, MoCA: a brief screening tool for mild 
cognitive impairment. J Am  Geriatr Soc. (2005) 53:695–9. doi: 10.1111/j. 
1532-5415.2005.53221.x

 28. Kueper JK, Speechley M, Montero-Odasso M. The Alzheimer’s disease assessment 
scale-cognitive subscale (ADAS-cog): modifications and responsiveness in pre-dementia 
populations. A narrative review. J Alzheimers Dis. (2018) 63:423–44. doi: 10.3233/
JAD-170991

 29. Smarr KL, Keefer AL. Measures of depression and depressive symptoms: Beck 
depression inventory – II (BDI-II), Center for Epidemiologic Studies Depression Scale 
(CES-D), geriatric depression scale (GDS), hospital anxiety and depression scale 
(HADS), and patient health Questionnaire-9 (PHQ-9). Arthritis Care Res (Hoboken). 
(2011) 63:S454–66. doi: 10.1002/acr.20556

 30. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development 
and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life 
Res. (2011) 20:1727–36. doi: 10.1007/s11136-011-9903-x

 31. Kim SH, Ahn J, Ock M, Shin S, Park J, Luo N, et al. The EQ-5D-5L valuation study 
in Korea. Qual Life Res. (2016) 25:1845–52. doi: 10.1007/s11136-015-1205-2

 32. Jin Y, Hu F, Zhu J. Exploration of acupuncture therapy in the treatment of mild 
cognitive impairment based on the brain-gut axis theory. Front Hum Neurosci. (2022) 
16:891411. doi: 10.3389/fnhum.2022.891411

 33. Bao Q, Liu Y, Zhang X, Li Y, Wang Z, Ye F, et al. Clinical observation and 
mechanism of acupuncture on amnestic mild cognitive impairment based on the gut-
brain axis: study protocol for a randomized controlled trial. Front Med (Lausanne). 
(2023) 10:1198579. doi: 10.3389/fmed.2023.1198579

 34. Zhang J, Kuang X, Tang C, Xu N, Xiao S, Xiao L, et al. Acupuncture for amnestic 
mild cognitive impairment: a pilot multicenter, randomized, parallel controlled trial. 
Med (Baltim). (2021) 100:e27686. doi: 10.1097/MD.0000000000027686

 35. Ots T, Kandirian A, Szilagyi I, DiGiacomo SM, Sandner-Kiesling A. The selection 
of dermatomes for sham (placebo) acupuncture points is relevant for the outcome of 
acupuncture studies: a systematic review of sham (placebo)-controlled randomized 
acupuncture trials. Acupunct Med. (2020) 38:211–26. doi: 10.1177/0964528419889636

 36. Kim TH, Lee MS, Lee H. Sham acupuncture is not just a placebo. J Acupunct 
Meridian Stud. (2022) 15:333–5. doi: 10.51507/j.jams.2022.15.6.333

 37. Li BY, He NY, Qiao Y, Xu HM, Lu YZ, Cui PJ, et al. Computerized cognitive 
training for Chinese mild cognitive impairment patients: a neuropsychological and 
fMRI study. NeuroImage Clin. (2019) 22:101691. doi: 10.1016/j.nicl.2019.101691

 38. Hill NT, Mowszowski L, Naismith SL, Chadwick VL, Valenzuela M, Lampit A. 
Computerized cognitive training in older adults with mild cognitive impairment or 
dementia: a systematic review and meta-analysis. Am J Psychiatry. (2017) 174:329–40. 
doi: 10.1176/appi.ajp.2016.16030360

 39. Dai Y, Xia R, Wang D, Li S, Yuan X, Li X, et al. Effect of acupuncture on episodic 
memory for amnesia-type mild cognitive impairment: study protocol of a multicenter, 
randomized, controlled trial. BMC Complement Med Ther. (2023) 23:268. doi: 10.1186/
s12906-023-04059-9

 40. Kang JM, Cho YS, Park S, Lee BH, Sohn BK, Choi CH, et al. Montreal cognitive 
assessment reflects cognitive reserve. BMC Geriatr. (2018) 18:261. doi: 10.1186/
s12877-018-0951-8

 41. Nelson ME, Jester DJ, Petkus AJ, Andel R. Cognitive reserve, Alzheimer’s 
neuropathology, and risk of dementia: a systematic review and meta-analysis. 
Neuropsychol Rev. (2021) 31:233–50. doi: 10.1007/s11065-021-09478-4

 42. Jiang M, Lu C, Zhang C, Yang J, Tan Y, Lu A, et al. Syndrome differentiation in 
modern research of traditional Chinese medicine. J Ethnopharmacol. (2012) 140:634–42. 
doi: 10.1016/j.jep.2012.01.033

https://doi.org/10.3389/fneur.2024.1346858
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1111/joim.12190
https://doi.org/10.1016/j.cger.2018.06.005
https://doi.org/10.1016/S2468-2667(20)30185-7
https://doi.org/10.1186/alzrt52
https://doi.org/10.1017/S1041610213000161
https://doi.org/10.1177/15333175211012235
https://doi.org/10.1007/s11055-010-9347-8
https://doi.org/10.1080/15622975.2019.1696473
https://doi.org/10.3389/fneur.2021.719849
https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.1007/s11596-019-2065-8
https://doi.org/10.1136/acupmed-2015-010989
https://doi.org/10.1136/acupmed-2015-010989
https://doi.org/10.1186/s12906-018-2407-2
https://doi.org/10.3389/fnagi.2021.647629
https://doi.org/10.1097/MD.0000000000022365
https://doi.org/10.3389/fneur.2022.1091125
https://doi.org/10.3389/fnagi.2023.1007436
https://doi.org/10.3389/fnagi.2022.914049
https://doi.org/10.1002/ar.24780
https://doi.org/10.3389/fnagi.2020.00121
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.1016/j.jamda.2016.07.021
https://doi.org/10.3390/brainsci10120984
https://doi.org/10.1080/23279095.2019.1692842
https://doi.org/10.1089/acm.2018.0346
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.3233/JAD-170991
https://doi.org/10.3233/JAD-170991
https://doi.org/10.1002/acr.20556
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1007/s11136-015-1205-2
https://doi.org/10.3389/fnhum.2022.891411
https://doi.org/10.3389/fmed.2023.1198579
https://doi.org/10.1097/MD.0000000000027686
https://doi.org/10.1177/0964528419889636
https://doi.org/10.51507/j.jams.2022.15.6.333
https://doi.org/10.1016/j.nicl.2019.101691
https://doi.org/10.1176/appi.ajp.2016.16030360
https://doi.org/10.1186/s12906-023-04059-9
https://doi.org/10.1186/s12906-023-04059-9
https://doi.org/10.1186/s12877-018-0951-8
https://doi.org/10.1186/s12877-018-0951-8
https://doi.org/10.1007/s11065-021-09478-4
https://doi.org/10.1016/j.jep.2012.01.033

	Safety and efficacy of acupuncture for mild cognitive impairment: a study protocol for clinical study
	1 Introduction
	2 Methods and analysis
	2.1 Objective
	2.2 Hypothesis
	2.3 Study design and setting
	2.4 Participant recruitment
	2.5 Inclusion
	2.6 Exclusion criteria
	2.7 Dropout and violation criteria
	2.8 Randomization
	2.9 Implementation
	2.10 Blinding
	2.11 Interventions
	2.11.1 Acupuncture treatment
	2.12 Computerized cognitive rehabilitation treatment
	2.13 Outcome measurements
	2.13.1 Efficacy outcome
	2.13.2 Safety outcome
	2.14 Adverse events
	2.15 Quality control
	2.16 Sample size estimation
	2.17 Statistical analysis
	2.18 Data management and confidentiality

	3 Discussion
	Ethics statement
	Author contributions

	References

