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Background: Cognitive impairment is one of the common sequelae after stroke,
which not only hinders the recovery of patients but also increases the financial burden
on families. In the absence of effective therapeutic measures, acupuncture treatment
has been widely used in China to treat post-stroke cognitive impairment (PSCI), but
the specific efficacy is unclear. Therefore, this review aimed to evaluate the true
efficacy of acupuncture treatment in patients with PSCI.

Methods: We searched eight databases [PubMed, Embase, Web of Science, Cochrane
Central Register of Controlled Trials, China Biomedical Literature Database (CBM),
China Science and Technology Journal (VIP) database, the China National Knowledge
Infrastructure (CNKI) database, and Wan fang database] from the inception to May
2022 for randomized controlled trials (RCTs) related to acupuncture treatment
combined with cognitive rehabilitation (CR) for PSCI. Two investigators independently
used a pre-designed form to extract valid data from eligible RCTs. The risk of bias was
assessed through tools provided by the Cochrane Collaboration. The meta-analysis
was implemented through Rev Man software (version 5.4). The strength of the
evidence obtained was evaluated using GRADE profiler software. Adverse events
(AEs) were collected by reading the full text and used to evaluate the safety of
acupuncture treatment.

Results: Thirty-eight studies involving a total of 2,971 participants were included
in this meta-analysis. Overall, the RCTs included in this meta-analysis were poor in
methodological quality. The combined results showed that acupuncture treatment
combined with CR showed significant superiority compared to CR alone in terms of
improving cognitive function [Mean Difference (MD) = 3.94, 95% confidence intervals
(Cl): 3.16-4.72, P < 0.00001 (MMSE); MD = 3.30, 95%Cl: 2.53-4.07, P < 0.00001
(MoCA); MD = 9.53, 95%Cl: 5.61-13.45, P < 0.00001 (LOTCA)]. Furthermore, the
combination of acupuncture treatment and CR significantly improved patients’
self-care ability compared to CR alone [MD = 8.66, 95%ClI: 5.85-11.47, P < 0.00001
(MBI); MD = 5.24, 95%Cl: 3.90-6.57, P < 0.00001 (FIM)]. Meanwhile, subgroup
analysis showed that MMSE scores were not sufficiently improved in the comparison
of electro-acupuncture combined with CR versus CR alone (MD = 4.07, 95%ClI:
—0.45-8.60, P = 0.08). However, we also observed that electro-acupuncture
combined with CR was superior to the use of CR alone in improving MoCA and
MBI scores in patients with PSCI [MD = 2.17, 95%Cl: 0.65-3.70, P = 0.005 (MoCA);
MD = 1.74, 95%Cl: 0.13-3.35, P = 0.03 (MBI)]. There was no significant difference
in the occurrence of adverse events (AE) between acupuncture treatment combined
with CR and CR alone (P > 0.05). The certainty of the evidence was rated low level
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because of flaws in the study design and considerable heterogeneity among the
included studies.

Conclusion: This review found that acupuncture treatment combined with CR may
have a positive effect on improving cognitive function and self-care ability in PSCI
patients. However, our findings should be treated with caution owing to the existence
of methodological quality issues. High-quality studies are urgently required to validate
our results in the future.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_recor
d.php?ID=CRD42022338905, identifier: CRD42022338905.

acupuncture treatment, post-stroke cognitive impairment, meta-analysis, cognitive
rehabilitation, non-pharmacological treatment

1. Introduction

Stroke is the second leading cause of adult disability and death
around the world (1). It is well established that cognitive impairment
is one of the major functional disorders after stroke. It is a clinical
syndrome characterized by cognitive impairment that occurs after
stroke events and persists for 3 to 6 months, mainly in the cognitive
domains of language, computation, memory and executive skills
(2). Post-stroke cognitive impairment (PSCI) is likely to be ignored
because it is masked by severe physical disability. However, the
prevalence of PSCI in stroke survivors is estimated to be 20-80%,
depending on race, country, and diagnostic criteria (3). Although
the prevalence of PSCI is high based on current data, there is still
evidence that existing criteria may underestimate the incidence of
cognitive decline in stroke survivors (4). PSCI is also associated with
a decrease in the ability to care for themselves, which increases the
burden on caregivers and reduces the patients quality of life (5).
At the same time, PSCI can place a serious financial strain on the
patient’s family. When cognitive decline occurs, the expenditures on
care are three times higher than when there is no cognitive decline
(6). Therefore, finding safe and effective therapies for PSCI is a major
challenge for post-stroke rehabilitation.

PSCI is an important subtype of vascular dementia, which
is preventable and treatable compared to dementia caused by
neurodegenerative diseases such as Alzheimers disease. At
present, the main treatments for PSCI include drug therapy,
repetitive transcranial magnetic stimulation (r TMS), and cognitive
rehabilitation (CR) (7-9). However, these treatments have some
shortcomings. Acetylcholinesterase inhibitors are recommended to
improve cognitive function in stroke survivors. However, long-term
intake of this medication can cause serious side effects such as
gastrointestinal reactions, hepatotoxicity, and systemic symptoms
such as insomnia and fatigue (10). R TMS is a form of non-invasive
brain stimulation (NIBS). Most of the existing studies have focused
on the effectiveness of r TMS in the treatment of post-stroke limb
paralysis and dysphagia (11, 12). To date, there is no high-quality
evidence that r TMS has a positive effect on the recovery of cognitive
function in PSCI patients. Cognitive rehabilitation (CR) has a
beneficial effect in the comprehensive treatment of stroke and can
effectively promote the recovery of cognitive function in PSCI
patients. However, CR also suffers from irreparable deficiencies.
To achieve the desired therapeutic effect, cognitive rehabilitation
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is often conducted one-on-one between the rehabilitation trainer
and the patient, requiring long-term cooperation from the patients.
Meanwhile, due to differences in medical conditions, there can be
significant differences in the skill level of rehabilitation trainers,
which ultimately affects the therapeutic benefit of CR (13). In
conclusion, there is still no officially approved pharmacological for
the treatment of PSCI and treatment options are still limited (14).

As a basic therapy used in traditional Chinese medicine (TCM)
for the prevention and treatment of diseases, acupuncture has been
used clinically in China for thousands of years (15). Based on
the application site, acupuncture can be divided into abdominal
acupuncture (AA) and scalp acupuncture (SA). Furthermore, based
on the operation method, acupuncture can be classified into manual
acupuncture (MA) and electro-acupuncture (EA), which have proven
to have the advantages of low price, excellent effect and simple
operation (16). In addition, as a non-pharmacological intervention,
acupuncture has better efficacy for chronic conditions that are
difficult to treat with traditional treatment modalities, such as
low back pain and kidney diseases (17, 18). As a result of these
advantages, acupuncture has received continued interest from the
general public and health professionals (19). Furthermore, a growing
number of healthcare institutions have used acupuncture clinically
and have shown that acupuncture can be a prospective therapeutic
measure to enhance cognitive function in patients with PSCI (20, 21).
Meanwhile, animal models of PSCI have been used to explore the
potential mechanisms of acupuncture treatment to achieve maximum
benefit (22, 23).

In the past years, three reviews regarding acupuncture treatment
for PSCI have been published. The meta-analysis published in
2017 (24) included only 11 studies with a total of 789 patients,
which suffers from an inadequate sample size. Meanwhile, the
study only assessed the effect of electro-acupuncture on cognitive
function in patients with PSCI, and electro-acupuncture only
represents one type of acupuncture, making the findings inevitably
limited and failing to provide convincing support for clinical
application. Two meta-analyses (25, 26), published in 2020 and 2021
respectively, selected the Mental State Examination Scale (MMSE)
and the Montreal Cognitive Assessment Scale (MoCA) as outcome
indicators. The findings revealed that acupuncture treatment was able
to achieve higher scores in terms of cognitive function improvement
compared to sham acupuncture or pharmacotherapy. However,
neither study examined whether PSCI patients’” ability to care for
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themselves improved after receiving acupuncture treatment. Given
the limitations of these previous reviews, the clinical conclusion to
data have shown that there is insufficient evidence to support the
routine use of acupuncture to enhance cognitive function and self-
care ability in PSCI patients, with particular attention to the latter
appearing extremely inadequate. Furthermore, with the widespread
availability of acupuncture treatment, an increasing number of
studies have been published in recent years (27, 28). Therefore,
the aim of this review is to investigate the effects of acupuncture
treatment on cognitive function and self-care ability in PSCI patients
and to update the previously published reviews.

2. Materials and methods

2.1. Protocol and registration

The detailed protocol of this systematic review and meta-
analysis has been registered on the international systematic review
registration platform (PROSPERO) with the registration number is
CRD42022338905 (29).

2.2. Search strategy

Randomized controlled trials (RCTs) regarding the acupuncture
for the treatment of PSCI published from inception until May
2022 were searched in eight databases including Web of Science,
Embase, PubMed, Cochrane Central Register of Controlled Trials,
China Biomedical Literature Database (CBM), China Science and
Technology Journal (VIP) database, the China National Knowledge
Infrastructure (CNKI) database, and Wan fang database. Meanwhile,
the reference lists of articles identified for inclusion were screened
to identify as many relevant articles as possible. No language
restrictions were used in the search process. The search terms
included “acupuncture treatment,” “electro-acupuncture,” “cognitive
impairment,” “PSCI,” “stroke,” “cerebrovascular accident,” “Zhen jiu
liao fa” and “Hao Zhen.” The specific search strategies are described
in the Supplementary Appendix.

2.3. Literature selection criteria

Two researchers independently screened and checked the titles
and abstracts of the literature to be initially included based on
the PICOS principles (patient, intervention, control, outcome, and
study). The PICOS criteria used for literature screening were detailed
as follows: (a) Types of participants: (1) Patients were diagnosed with
a stroke, with no restrictions on their age, gender, and the duration
of disease. (2) Their condition was verified by magnetic resonance
imaging (MRI) or electronic computed tomography (CT). (3)
Cognitive impairment was caused by stroke and not by other diseases,
such as diabetes, cranial trauma, and Alzheimer’s disease (AD); (b)
Type of intervention: The experimental group was treated with
manual acupuncture (MA) or electro-acupuncture (EA), combined
or not with the same therapies as the control group. For the control
group, cognitive rehabilitation (CR) must be used and all other types
of interventions should be excluded; (c) Types of outcomes: (1)
The primary outcome indicators focused on changes in cognitive
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function and could be assessed by the Montreal Cognitive Assessment
Scale (MoCA), the Mental State Examination Scale (MMSE), and the
Loewenstein Occupational Therapy Cognitive Assessment (LOTCA);
(2) The secondary outcome indicators were used to evaluate the
patient’s ability to conduct activities of daily living and include
the Modified Barthel Index (MBI) and Functional Independence
Measure (FIM); (d) Types of study: Randomized Controlled Trials
(RCTs). The safety of acupuncture therapy was evaluated by the
severity and number of adverse events (AEs). The language type of
the literature was limited to Chinese or English.

Meanwhile, we excluded literature that met the following criteria:
(1) Duplication of publications; (2) Studies compared different
acupuncture therapies; (3) Full text is not available; (4) Lack of
effective outcome measures; (5) The types of studies are reviews,
animal experiments, conference articles, and case reports.

2.4. Data collection process

Two researchers independently used pre-designed forms to
retrieve useful information from qualified studies, including
publication year, first author, sample size, mean age and method
used in experimental groups (e.g., acupuncture modality and
acupoint selection), and duration and frequency of treatment. Any
inconsistencies in information extraction could be resolved by
consulting Chen FY. After data extraction was completed, researchers
assessed the safety of acupuncture treatment by collecting adverse
event reports from the included articles.

2.5. Study quality assessment

Two researchers independently assessed the methodological
quality of the included RCTs according to the criteria detailed
in Cochrane’s Risk of Bias (ROB) tool (30). Any inconsistencies
related to the assessment results were resolved by Chen FY. The
Cochrane’s ROB assessment tool consists of seven components, which
are random sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assessors,
incomplete outcome data, selective reporting and other biases. Each
component can be classified as one of the following levels: “low risk
of bias,” “uncertain risk of bias” and “high risk of bias.”

2.6. GRADE assessment

Two researchers (Y-L and XP-L) assessed the quality of
evidence for each outcome indicator by using the Grading
of Recommendations, Assessment, Development, and Evaluation
(GRADE) system (31). When disagreements arose, they could be
resolved through consultation or by consulting a third researcher.
The quality of evidence for each outcome is displayed in the form
of a GRADE evidence profile to determine the certainty of all pooled
outcomes. The GRADE system includes five downgrading factors and
three escalating factors, five downgrading factors consisting of risk
of bias, inconsistency, indirectness, uncertainty, and publication bias,
and three escalating factors consisting of larger effect values, dose-
effect relationships, and negative bias. The quality of evidence for
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Records identified through
databases searching
(n=2256)

Additional records identified through

other sources
(n=0)

(n=1263)

Records after duplicates removed

A

Records excluded (n=1185)
Review (n=229)
Case report (n=9)
Animal experience (n=70)

Records screened

Not related to comparison (n=387)
Not related to PSCI (n=363)

Not related to outcome (n=44)
Not related to acupuncture (n=10)

Lack of control groups (n=3)

Records excluded (n=40)
Review (n=1)
Not related to comparison (n=24)

(n=1263)
~—’
Full-text articles assessed for eligibility
(n=78)
——

Not related to PSCI (n=6)

Not related to outcome (n=4)
Full text cannot be found (n=3)
Not related to study (n=1)
Studies without detail data (n=1)

(n=38)

Studies included in quantitative synthesis

(n=38)

Studies included in meta-analysis

FIGURE 1
Flow chart of the literature screening process.

each outcome was assessed by the eight factors mentioned above,
which ultimately resulted in a high, moderate, low, or very low
evidence level.

2.7. Statistical analysis

After data extraction was completed, Rev Man 5.4 software
(Cochrane Collaboration, Oxford, United Kingdom) was selected
for statistical analysis. If the outcome indicator was a continuous
variable, mean difference (MD) or standardized mean difference
(SMD) and 95% confidence interval (CI) were selected for
calculation. If the outcome indicator was a dichotomous variable,
the risk ratio (RR) and 95% CI were selected for calculation.
Heterogeneity between included studies was assessed using Q-tests
(P-values) and the I? statistic, and effect models were selected
accordingly. If P < 0.1 and 1> > 50%, statistically significant
heterogeneity among the included studies was detected and a random
effects model was selected to calculate the effect size. Conversely,
if P > 0.1 and I> < 50%, the heterogeneity among the included
studies was regarded as tolerable and we selected the fixed effects
model to merge the data. This meta-analysis assessed the significance
of the pooled results by Z-test, with P < 0.05 being a statistically
significant difference.

We categorized the included studies according to different
acupuncture types and treatment duration, which were MA, EA,
0-4 weeks, and >4 weeks. Subgroup analysis was attempted to
account for possible heterogeneity under the stratification factors of
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different acupuncture types and treatment cycles. Sensitivity analyses
were used to validate the robustness of the meta-analysis results
and to explore potential sources of heterogeneity by excluding each
individual study in the original analysis. For cognitive function and
self-care ability, we used funnel plots and Egger’s tests to evaluate
publication bias in the included studies.

3. Results

3.1. Description of the studies

Using a pre-defined search strategy, we initially retrieved 2,256
relevant records from eight databases. A total of 2,178 duplicate and
irrelevant studies were excluded by reading the titles and abstracts
of the articles. Then, the full text of the remaining studies was read
and 40 records were excluded. Finally, 38 studies were included in
the qualitative analysis (32-69). All included 38 studies conducted
in China, of which 36 and 2 RCTs were published in Chinese and
English, respectively. These included studies were reported between
2013 and 2022. A flow chart of the literature screening process for the
systematic review and meta-analysis is shown in Figure 1.

3.2. Description of participants

A total of 2,971 participants were included, of which 1,486
participants were in the experimental group and 1,485 participants
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TABLE 1 Characteristics of the included studies.

References Sample size Man Mean age Type of stroke Disease duration Method of Comparison Outcome Loss situation
(EG/CQG) (%) (EG/CQ) (EG/CQG) intervention (EG/CQG)

Teng et al. (32) 55/55 65 59.47 & 8.62/60.17 & 10.68 Ischemic stroke or hemorrhage 60.17 +10.68/59.67 £ 11.28d = MA+CR CR oo N
Mao (33) 39/39 47 57.3 £15.6/57.3 £ 15.6 Ischemic stroke or hemorrhage 78.2 +38.2/76.3 £37.3d MA+CR CR oo N
Liu (34) 25/25 68 / Ischemic stroke or hemorrhage / EA+CR CR O N
Wang et al. (35) 30/30 65 53.27 +11.62/56.73 £ 9.32 Ischemic stroke or hemorrhage / EA+CR CR 0o N
Niu et al. (36) 75175 54 52.06 = 7.98/51.89 4 10.24 Ischemic stroke / MA+CR CR ooag N
Liao etal. (37) 30/30 55 56.2 + 6.5/56.6 & 6.6 Ischemic stroke or hemorrhage 54.6 £6.3/53.9 £ 6.5d MA+ CR CR oo N
Yang et al. (38) 34/33 55 68.00 £ 8/67.00 £ 8 / 14.7 £ 6.2/155+6.2d MA+CR CR oo 2/1
Wen et al. (39) 30/30 52 64.00 £ 7.18/63.7 £+ 6.98 Ischemic stroke or hemorrhage 570 £1.92/5.3 £ 1.90 m MA+CR CR oo N
Jiang et al. (40) 40/40 58 60.15 + 6.32/58.67 + 8.03 Ischemic stroke 10.01 £3.29/9.85 £3.01d MA+CR CR oo N
Hu (41) 63/63 48 70.03 £ 2.29/69.96 & 2.20 Ischemic stroke or hemorrhage 2.45 £ 0.34/2.56 + 0.31 m MA+CR CR O N
Zhang et al. (42) 30/30 63 70.10 £ 4.51/69.03 £ 4.70 Ischemic stroke 23.03 +7.47/24.63 £11.77d EA+CR CR O N
Wang (43) 20/20 30 61.8 £ 11.92/60.25 % 10.39 Ischemic stroke or hemorrhage 30.20 +11.83/28.25 £13.01d | MA+CR CR oo N
Wang et al. (44) 40/40 61 45.39 4 11.42/42.29 £ 11.72 Ischemic stroke 24.05 £ 11.89/26.85 + 16.10 d MA+CR CR ] N
Liu (45) 56/56 55 / Ischemic stroke / MA+CR CR oo N
Xie et al. (46) 47/47 53 55.16 £ 1.23/55.43 £ 1.17 Ischemic stroke 89.36 £ 11.45/90.72 + 11.64 d MA+CR CR oo N
Yang (47) 40/40 58 51.35+7.30/51.27 £ 7.46 / 21.40 £ 5.38/21.57 £ 5.54 MA+CR CR oo N
Zhuo et al. (48) 20/22 55 63.25 £ 9.34/63.04 £+ 9.16 Ischemic stroke 2.15+1.03/2.27 £ 1.06 m MA+CR CR ] 3/2
Yang (49) 47147 55 / Ischemic stroke or hemorrhage / MA+CR CR oo 0/3
Yao et al. (50) 40/38 53 61.27 £ 5.38/62.27 £ 6.48 / 42.38 £ 14.23/44.23 +18.87d EA+CR CR oo 5/7
Wang et al. (51) 50/50 50 53.8+11.7/54.5+13.6 Ischemic stroke or hemorrhage / MA-+CR CR ooog N
Xing et al. (52) 30/26 57 63.4 4 8.5/60.9 + 8.1 Ischemic stroke or hemorrhage / MA-+CR CR oo N
Piao (53) 53/53 63 60.37 £ 5.45/59.15 4 5.29 Ischemic stroke 5.1241.39/533 £ 1.40d MA+CR CR ] N
Qian et al. (54) 35/35 53 70 £ 6/69 £ 6 Ischemic stroke 10.14 £ 3.37/10.54 +3.85d MA+CR CR ] N
Wang et al. (55) 40/40 63 66 £ 8/67 £9 Ischemic stroke 14.62 + 6.17/15.45 £ 6.24 d MA+CR CR ooo N
Song et al. (56) 35/35 57 60 +10/58 + 10 Ischemic stroke or hemorrhage 28+14/25+1.6m MA+ CR CR oo N
Lin et al. (57) 30/29 63 65+ 5/67 £7 Ischemic stroke 29.85+18.10/30.05 £ 19.89d = EA+CR CR O N
Zhang et al. (58) 28/30 52 59.95 + 8.71/61.12 £ 9.62 Ischemic stroke or hemorrhage 39.72 £18.73/42.11 £ 17.56 d MA+CR CR oo 7/5
Zeng et al. (59) 34/35 58 / Ischemic stroke or hemorrhage 71.00 £ 42.76/68.00 £ 36.56 d MA+CR CR oo 6/5
Tian et al. (60) 25/25 58 68.19 £ 0.16/68.21 £ 0.15 Ischemic stroke or hemorrhage / MA+CR CR O N

(Continued)
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were in the control group. The sample size ranged from 40 to 150.
The proportion of males was higher than females. The mean age of
patients was similar in both groups but was not reported in four
studies (34, 45, 49, 59). Eight studies (38, 48-50, 58, 59, 68, 69)
reported on patient dropouts and provided corresponding reasons,
ranging from 2 to 17 individuals. Details of the 38 included RCTs are
summarized in Table 1.

3.3. Description of interventions

In the included studies, scalp acupuncture and manual
acupuncture were used with equal frequency (42.1%), followed by
electroacupuncture (15.8%). All included studies used cognitive
rehabilitation (CR) as a control measure. The duration of needle
retention was set between 5 min to 24 h, with the majority of studies
set at 30 min (n = 25). The treatment frequency ranged from 3 to 7
times per week, with a popular pattern of 6 times per week (n = 15).
The studies varied widely in the treatment period, ranging from 3
to 12 weeks, with 8 weeks treatment period as the most preferred
(n = 16). By observing the pattern of acupoint selection in the
included studies, we found that acupoints selected for acupuncture
treatment of PSCI were mainly located in the cephalic region. Bai-hui
(81.6%), Si-shen-cong (52.6%), Shen-ting (36.8%), Nei-guan (18.4%),
Feng-chi (15.8%), Shui-gou (15.8%), Qu-bin (13.2%), and Xuan-li
(13.2%) were the acupoints used most frequently. Table 2 elaborates
on the characteristics of the interventions in the included literature.

3.4. Methodological quality

The methodological quality of the included studies was
universally unsatisfactory. Twenty-eight studies (32, 34-42, 44-46,
48, 49, 52, 54-62, 65, 68, 69) (73.7%) reported their sequence
generation methods by random number tables or computer
randomization groups, while the other studies (33, 43, 47, 50, 51, 53,
63, 64, 66, 67) (26.3%) simply mentioned the word “randomization”
and were therefore rated as “unclear risk.” Details of allocation
concealment were not reported in the included literature. Methods
regarding blinding were not reported in more than 75% of the studies,
with three studies (61, 65, 68) (8%) reported double blinding, four
studies (37,43, 52, 69) (11%) reported blinding for outcome assessors,
and two studies (48, 59) (5%) specified the blinding of operators. The
eight studies (38, 48-50, 58, 59, 68, 69) (21.1%) were rated as high risk
because they did not conduct appropriate intention-to-treat analysis
in the context of the dropout situation. In terms of selective reporting,
twelve studies (39-41, 46, 49, 52, 59, 62, 64-66, 68) (31.5%) submitted
protocols to the ethics committee and received approval, while the
remaining studies were rated as “unclear risk.” Other bias was not
found in the included studies. The results of the ROB assessment are
illustrated in Figure 2.

3.5. Meta-analysis
3.5.1. Global cognitive function
3.5.1.1. Mental state examination scale

Twenty-five studies (32, 34-36, 38, 39, 44-47, 49, 51, 53-55, 58—
61, 63-66, 68, 69) involving 2099 patients reported an increase
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TABLE 2 Details of interventions in included studies.

References Intervention methods Treatment duration Adverse events
Acupoint selection Frequency Retained Course
(t/w) (min/h) (W)
Teng et al. (32) MA The upper-jiao, Lower-jiao, Liver, Kidney, and heart regions in the eyes area 7 times/w 5min 4 weeks /
Mao (33) SA Bai-hui (DU20), Shen-ting (DU24), Qian-ding (DU21), Xuan-li (GB6), Qu-bin (GB7), Mei-chong (BL3), Tou-lin-qi 5 times/w 30 min 6 weeks /
(GB15)
Liu (34) EA Shen-ting (DU24), Bai-hui (DU20) 6 times/w 60 min 4 weeks /
Wang et al. (35) EA Bai-hui (DU20), Zu-san-li (ST36) 6 times/w 30 min 8 weeks /
Niu et al. (36) SA Bai-hui (DU20), Qian-ding (DU21), Lu-hui (DU22), Qian ting (DU21) 6 times/w 6h 8 weeks /
Liao etal. (37) MA The upper-jiao, Kidney, and spleen regions in the eye’s area 5 times/w 5min 8 weeks /
Yang et al. (38) SA Bai-hui (DU20) 3 times/w 24h 4 weeks Subcutaneous edema
and needle fainting
Wen et al. (39) MA Shui-gou (DU26), Yin-tang (EX-HN3), Shen-ting (DU24), Bai-hui (DU20), Ya-men (DU15), Feng-fu (DU16), 7 times/w 30 min 6 weeks /
Yao-yang-guan (DU3), Ming-men (DU4)
Jiang et al. (40) MA The upper-jiao and lower-jiao regions in the eye’s area 7 times/w 20 min 8 weeks /
Hu (41) MA Bai-hui (DU20), Ming-men (DU4), Si-shen-cong (EX-HN1), Yao-yang-guan (DU3), Tai-xi (KI3), Shen-shu (BL23), 5 times/w 30 min 8 weeks /
Feng-shi (GB20)
Zhang et al. (42) EA Shen-ting (DU24), Qian-ding (EX-HN1), Xuan li (GB6) 5 times/w 30 min 6 weeks /
Wang (43) SA Qian-ding (EX-HN1), Xuan li (GB6), Bai-hui (DU20), Qu-bin (GB7) 6 times/w 30 min 8 weeks /
Wang et al. (44) SA Bai-hui (DU20), Qian-ding (EX-HNT1), Lu-hui (DU22), Shen-ting (DU24) 6 times/w 6~8h 6 weeks /
Liu (45) SA Bai-hui (DU20) 3 times/w 24h 4 weeks /
Xie et al. (46) MA Bai-hui (DU20), Yin-tang (EX-HN?3), Shui-gou (DU26), Nei-guan (PC6) 3 times/w 30 min 4 weeks /
Yang (47) MA Shen-shu (BL23), Feng-fu (DU16), Bai-hui (DU20), Yong-quan (KI1), Xuan-zhong (GB39) 6 times/w 30 min 4 weeks /
Zhou et al. (48) MA Da-ling (PC7), Nei-guan (PC6), Shen-men (HT7), Tong-li (HT5), Shen-ting (DU24), Qian-ding (EX-HN1), Lu-hui 5 times/w 30 min 3 weeks /
(DU22), Hou-ding (DU19), Bai-hui (DU20), Jiao-sun (S]20), Shuai-gu (GB8)
Yang (49) SA Bai-hui (DU20), Si-shen-cong (EX-HN1), Shen-men (HT7), Hou-xi (SI3), Zhao-hai (KI6), Xuan-zhong (GB39) 6 times/w 30 min 4 weeks /
Yao et al. (50) EA Bai-hui (DU20), Shen-ting (DU24), Ben-shen (BG13) 5 times/w 30 min 12 weeks Subcutaneous edema
Wangetal. (51) SA Bai-hui (DU20), Qu-bin (GB7), Qian-ding (EX-HN1), Xuan li (GB6) 6 times/w 6h 3 weeks /
Xing et al. (52) SA Bai-hui (DU20), Qu-bin (GB7), Qian-ding (EX-HN1), Xuan li (GB6) 6 times/w 6h 8 weeks /
Piao (53) MA Bai-hui (DU20), Si-shen-cong (EX-HN1), San-yin-jiao (SP6), Wei-zhong (BL40), Shui-gou (DU26), He-gu (LI4), 7 times/w 30 min 12 weeks /
Nei-guan (PC6)
Qian et al. (54) SA Bai-hui (DU20) 3 times/w 24h 8 weeks /
Wang et al. (55) MA Bai-hui (DU20), Shen-ting (DU24) 3 times/w 30 min 8 weeks /

(Continued)
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TABLE 2 (Continued)

References

Intervention methods

Acupoint selection

Treatment duration

Frequency
((7A)]

Retained
(min/h)

Course
(w)

Adverse events

Song et al. (56) MA Bai-hui (DU20), Ming-men (DU4), Si-shen-cong (EX-HN1), Yao-yang-guan (DU3), Tai-xi (KI3), Shen-shu (BL23), 5 times/w 30 min 8 weeks
Feng-shi (GB20)
Lin etal. (57) EA Bai-hui (DU20) 6 times/w 20 min 4 weeks
Zhang et al. (58) MA Dan-zhong (RN17), Zhong-wan (RN12), Qi-hai (RN6), Xue-hai (SP10), Zu-san-li (ST36), Wai-guan (SJ5) 6 times/w 30 min 8 weeks
Zeng et al. (59) SA Shen-ting (DU24), Si-shen-cong (EX-HN1), Ben-shen (BG13), Nao-hu (DU17), Nao-kong (GB19) 6 times/w 30 min 4 weeks
Tian et al. (60) MA Bai-hui (DU20), Si-shen-cong (EX-HN1), Feng-chi (GB20), Qu-chi (LI11), Shen-ting (DU24), Nei-guan (PC6), Wai-guan 7 times/w 30 min 8 weeks
(SJ5), Xue-hai (SP10)
Li(61) SA Bai-hui (DU20), Si-shen-cong (EX-HN1), Shui-gou (DU26), Nei-guan (PC6) 5 times/w 30 min 12 weeks
Wei et al. (62) EA Bai-hui (DU20), Qian-ding (EX-HN1), Shen-ting (DU24), Qu-bin (GB7) 5 times/w 30 min 6 weeks
Zhang (63) MA Bai-hui (DU20), Si-shen-cong (EX-HN1), Shui-gou (DU26), Yin-tang (EX-HN3), Zu-san-li (ST36), Fe-long (ST40) 6 times/w 30 min 8 weeks
Zhou (64) MA Bai-hui (DU20), Yin-tang (EX-HN3), Si-shen-cong (EX-HN1), Nei-guan (PC6), Shui-gou (DU26) 3 times/w 30 min 8 weeks
Chen (65) MA Bai-hui (DU20), Nei-guan (PC6), Zu-san-li (ST36), Shen-ting (DU24), Wai-guan (SJ5), Qu-chi (LI11), Si-shen-cong 7 times/w 30 min 4 weeks
(EX-HNT1), Feng-chi (GB20), Xue-hai (SP10), Feng-shi (GB31), Yang-lin-quan (GB34)
Du (66) SA Si-shen-cong (EX-HNT1), Ben-shen (BG13), Lu-hui (DU22), Feng-chi (GB20) 5 times/w 30 min 8 weeks
Chen et al. (67) SA Bai-hui (DU20), Si-shen-cong (EX-HNI) 6 times/w 30 min 4 weeks
Xiong et al. (68) SA Bai-hui (DU20), Si-shen-cong (EX-HNI1), Feng-chi (GB20), Shen-ting (DU24) 6 times/w 3~4h 8 weeks
Jiang et al. (69) SA Bai-hui (DU20), Shen-ting (DU24) 5 times/w 30 min 12 weeks

MA, manual acupuncture; EA, electro-acupuncture; SA, scalp acupuncture; N, no adverse events; /, not mention.
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Risk of bias (ROB) assessments of included studies. (A) ROB graph. (B)
ROB summary.

in MMSE scores with acupuncture treatment combined with CR
compared to CR alone. These studies showed statistical heterogeneity
in MMSE scale (P < 0.00001, I? = 89%). The merged MD value using
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a random effects model was 3.94 (95%CI: 3.16-4.72). The results
demonstrated that there was a statistically significant difference
between the acupuncture treatment combined with CR and CR alone
based on the total effect (Z = 9.89, P < 0.00001, see Figure 3).

Considering the effect of acupuncture types and treatment
duration on the merged data, we performed subgroup analysis on
this basis. Subgroup based on the acupuncture types: we divided
the types of acupuncture into manual acupuncture (MA) and
electro-acupuncture (EA). Differences between subgroups were not
statistically significant (P = 0.95, I> = 0%). Two studies (34, 35)
(8%) with 110 patients compared EA plus CR with CR and showed
no improvement in cognitive function (MD: 4.07, 95%CI: —0.45-
8.60, P = 0.08, see Figure 4). Meanwhile, twenty-three studies (32,
36, 38, 39, 44-47, 49, 51, 53-55, 58-61, 63-66, 68, 69) (92%) with
1,989 patients compared MA plus CR with CR and the combined
results indicated that significant improvement in cognitive function
compared to CR alone (MD:3.91, 95%CI:3.15-4.67, P < 0.00001, see
Figure 4). Subgroup based on the treatment duration: we classified
the included studies into two groups (0-4 weeks and > 4 weeks).
Statistical differences were found between subgroups (P = 0.07,
I2 = 69.8%). Subgroup analysis showed that both 0-4weeks (MD:
4.80, 95%CI: 3.40-6.20, P < 0.00001) and more than 4 weeks
(MD: 3.34, 95%CI: 2.63-4.05, P < 0.00001) treatment duration
were superior to the control group in terms of improving cognitive
function (see Figure 5). Sensitivity analysis was then performed by
removing the study with the maximum weight. Also, one study
was excluded at a time while synthesizing the remaining RCTs
to determine which study was the source of heterogeneity and
to assess whether the merged results would be altered by the
exclusion of a single study. In the sensitivity analysis, one study
was identified as a possible source of heterogeneity in the >4 weeks
subgroup. After excluding this study, the results of the meta-analysis
remained stable and the heterogeneity was lower than before (see
Supplementary Table 1). The retention time of needles was relatively
lengthy in Niu’s study (36) compared to the other studies, so it is
speculated that this may have contributed to the heterogeneity. In the
results of the sensitivity analysis for the acupuncture types subgroup,
the exclusion of any of the studies had little effect on the MD values
and failed to identify the source of heterogeneity.

3.5.1.2. Montreal cognitive assessment scale

Eighteen studies (33, 36, 38, 41, 42, 45, 46, 48, 50, 51, 55-
57, 62, 64, 66, 67, 69) involving 1,459 patients reported a better
performance in MoCA scores with acupuncture treatment combined
with CR compared to CR alone. These studies displayed statistical
heterogeneity in the MoCA scale (P < 0.00001, I? = 85%). The pooled
MD value using a random effects model was 3.30, (95%CI: 2.53-4.07).
The results showed that there was a statistically significant difference
between acupuncture treatment combined with CR and CR alone
according to the measure of the total effect (Z = 8.42, P < 0.00001,
see Figure 6).

We conducted subgroup analysis based on acupuncture modality
and treatment duration. There were no statistically significant
differences in the comparisons between subgroups (P = 0.16,
2 = 49.7%, acupuncture modality; P = 0.71, I2 = 0, treatment
duration). In the subgroup analysis of acupuncture types, the
combined results favored EA4-CR with reduced heterogeneity (MD:
2.17, 95%CI: 0.65-3.70, P = 0.005, see Figure 7). Meanwhile,
compared to CR alone, MA+CR also improved MoCA scores to a
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Mean Difference

Mean Difference

Study or Subgroup Mean sD Total Mean sD Total Weight _1V. Random. 95% CI IV. Random. 95% CI

01-Teng 2018 25.28 4.33 55 22.36 4.12 55 4.0%
03-Liu 2013 19.84 1.25 25 13.52 1.01 25 4.7%
04-Wang 2017 245 3.48 30 228 29 30 4.0%
05-Niu 2021 29.35 3.13 75 22.12 5.74 75 4.1%
07-Yang 2018 20.44 2.65 34 16.58 2.05 33 4.4%
08-Wen 2020 26 3.07 30 23.7 3.29 30 4.0%
13- Wang 2017 23.65 4.75 40 20.68 5.06 40 3.5%
14-Liu 2020 21.04 2.11 56 17.78 3.25 56 4.4%
15-Xie 2022 23.14 3.51 47 19.28 3.06 47 4.2%
16-Yang 2019 20.19 4.02 40 17.89 3.57 40 3.9%
18-Yang 2017 20.62 4.37 a7 18.78 4.42 47 3.9%
20-Wang 2018 27.31 5.49 50 18.19 2.14 50 4.0%
22-Piao 2018 24.47 2.22 53 20.8 2.36 53 4.5%
23-Qian 2018 25.09 29 35 21.23 3.2 35 4.1%
24-Wang 2021 20.54 3.86 40 17.06 3.25 40 4.0%
27-Zhang 2019 23.49 4.42 28 20.92 6.05 30 3.0%
28-Zeng 2018 69.6 11.23 34 58.2 9.45 35 1.7%
29-Tian 2021 22.34 2.17 25 19.07 1.65 25 4.4%
30-Li 2018 24.53 2.24 60 20.93 1.88 60 4.6%
32-Zhang 2021 25.47 3.25 50 23.42 3.45 50 4.2%
33-Zhou 2020 25.18 4.89 30 19.67 3.37 30 3.5%
34-Chen 2020 28.09 3.22 48 20.16 2.97 48 4.3%
35-Du 2019 28.75 211 30 24.87 2.04 30 4.4%
37-Xiong J 2020 21.96 3.89 35 21.18 3.67 35 3.9%
38-Jiang C 2016 23.52 3.83 52 21.06 3.78 51 4.1%
Total (95% CI) 1049 1050 100.0%

Heterogeneity: Tau? = 3.30; Chi* = 212.52, df = 24 (P < 0.00001); I* = 89%
Test for overall effect: Z = 9.89 (P < 0.00001)

FIGURE 3
Forest plot of acupuncture treatment combined with CR vs. CR on MMSE scale.
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1.1.1 MA+CR VS CR

01-Teng 2018 25.28 4.33 55 22.36 4.12 55 4.0%
05-Niu 2021 29.35 3.13 75 22.12 5.74 75 4.1%
07-Yang 2018 20.44 2.65 34 16.58 2.05 33 4.4%
08-Wen 2020 26 3.07 30 23.7 3.29 30 4.0%
13- Wang 2017 23.65 4.75 40 20.68 5.06 40 3.5%
14-Liu 2020 21.04 2.11 56 17.78 3.25 56 4.4%
15-Xie 2022 23.14 3.51 a7 19.28 3.06 47 4.2%
16-Yang 2019 20.19 4.02 40 17.89 3.57 40 3.9%
18-Yang 2017 20.62 4.37 47 18.78 4.42 47 3.9%
20-Wang 2018 27.31 5.49 50 18.19 2.14 50 4.0%
22-Piao 2018 24.47 2.22 53 20.8 2.36 53 4.5%
23-Qian 2018 25.09 2.9 35 21.23 3.2 35 4.1%
24-Wang 2021 20.54 3.86 40 17.06 3.25 40 4.0%
27-Zhang 2019 23.49 4.42 28 20.92 6.05 30 3.0%
28-Zeng 2018 69.6 11.23 34 58.2 9.45 35 1.7%
29-Tian 2021 22.34 2.17 25 19.07 1.65 25 4.4%
30-Li 2018 24.53 2.24 60 20.93 1.88 60 4.6%
32-Zhang 2021 25.47 3.25 50 23.42 3.45 50 4.2%
33-Zhou 2020 25.18 4.89 30 19.67 3.37 30 3.5%
34-Chen 2020 28.09 3.22 48 20.16 297 48 4.3%
35-Du 2019 28.75 2:11 30 24.87 2.04 30 4.4%
37-Xiong J 2020 21.96 3.89 35 21.18 3.67 35 3.9%
38-Jiang C 2016 23.52 3.83 52 21.06 3.78 51 4.1%
Subtotal (95% CI) 994 995 91.4%
Heterogeneity: Tau? = 2.80; Chi? = 153.18, df = 22 (P < 0.00001); I = 86%

Test for overall effect: Z = 10.06 (P < 0.00001)

1.1.2 EA+CR VS CR

03-Liu 2013 19.84 1.25 25 13.52 1.01 25 4.7%
04-Wang 2017 245 3.48 30 22.8 29 30 4.0%
Subtotal (95% Cl) 55 55 6%

Heterogeneity: Tau? = 10.28; Chi? = 27.11, df = 1 (P < 0.00001); 1> = 96%
Test for overall effect: Z = 1.76 (P = 0.08)

Total (95% CI) 1049

Heterogeneity: Tau? = 3.30; Chi? = 212.52, df = 24 (P < 0.00001); I = 89%
Test for overall effect: Z = 9.89 (P < 0.00001)

Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.95), I? = 0%

1050 100.0%
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Forest plot of the intervention subgroup of acupuncture treatment combined with CR vs. CR on MMSE scale. MA, manual acupuncture; EA,

electro-acupuncture; CR, cognitive rehabilitation.

greater extent in patients with PSCI (MD: 3.45, 95%CI:2.54-4.35,
P < 0.00001, see Figure 7). Furthermore, in the subgroup analysis
of treatment duration, we also found that the treatment effect of
acupuncture did not change with increasing treatment duration
(MD: 3.13, 95%CI: 1.89-4.36, P < 0.00001, 0-4 weeks; MD: 3.43,
95%CI:2.44-4.41, P < 0.00001, >4weeks; see Figure 8). The results of
the sensitivity analysis then showed that excluding any of the studies
had little effect on the MD values of the pooled data, and we were
unable to find a clear reason for the heterogeneity. Differences in
acupoint selection, needle retention time, and treatment frequency
among the included studies may be potential causes of heterogeneity.

Frontiersin Neurology

3.5.1.3. Loewenstein occupational therapy
cognitive assessment

Sufficient information regarding the LOTCA scale was detected
in six studies (32, 37, 40, 43, 52, 68) with 416 PSCI patients. The
merged data using the random effects model demonstrated that there
was a statistically significant difference between the acupuncture
treatment combined with CR and CR alone (MD: 9.53, 95%CI: 5.61—
13.45, P < 0.00001, see Figure 9). Unfortunately, the results of the
sensitivity analysis confirmed little change in MD values for the
combined results regardless of the exclusion of any study, while
heterogeneity also did not significantly reduce.
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Acupuncture therapy Cognitive rehabitation Mean Difference Mean Difference
_StudyorSubgroup  _Mean  SD Total Mean _ SD  Total Weight IV.Random.95%Cl = IV.Random.95%Cl/

1.2.1 0-4 weeks

01-Teng 2018 25.28 4.33 55 22.36 4.12 55 4.0% 2.92[1.34, 4.50] e

03-Liu 2013 19.84 1.25 25 13.52 1.01 25 4.7% 6.32 [5.69, 6.95] -

07-Yang 2018 20.44 2.65 34 16.58 2.05 33 4.4% 3.86 [2.73, 4.99] -

13- Wang 2017 23.65 4.75 40 20.68 5.06 40 3.5% 2.97 [0.82, 5.12]

14-Liu 2020 21.04 2.11 56 17.78 3.25 56 4.4% 3.26 [2.25, 4.27] -

15-Xie 2022 23.14 3.51 a7 19.28 3.06 47 4.2% 3.86 [2.53, 5.19] -

16-Yang 2019 20.19 4.02 40 17.89 3.57 40 3.9% 2.30[0.63, 3.97]

18-Yang 2017 20.62 4.37 47 18.78 4.42 47 3.9% 1.84 [0.06, 3.62]

20-Wang 2018 27.31 5.49 50 18.19 2.14 50 4.0% 9.12 [7.49, 10.75] -

28-Zeng 2018 69.6 11.23 34 58.2 9.45 35 1.7% 11.40 [6.50, 16.30] — %

34-Chen 2020 28.09 3.22 48 20.16 2.97 48 4.3% 7.93 [6.69, 9.17] -

Subtotal (95% CI) 476 476 43.0% 4.80 [3.40, 6.20] -

Heterogeneity: Tau? = 4.82; Chi? = 119.47, df = 10 (P < 0.00001); I = 92%

Test for overall effect: Z = 6.71 (P < 0.00001)

1.2.2 > 4 weeks

04-Wang 2017 24.5 3.48 30 22.8 2.9 30 4.0% 1.70 [0.08, 3.32] —

05-Niu 2021 29.35 3.13 75 22.12 5.74 75 4.1% 7.23 [5.75, 8.71] e

08-Wen 2020 26 3.07 30 23.7 3.29 30 4.0% 2.30 [0.69, 3.91] -

22-Piao 2018 24.47 2.22 53 20.8 2.36 53 4.5% 3.67 [2.80, 4.54] -

23-Qian 2018 25.09 2.9 35 21.23 3.2 35 4.1% 3.86 [2.43, 5.29] -

24-Wang 2021 20.54 3.86 40 17.06 3.25 40 4.0% 3.48 [1.92, 5.04] pa———

27-Zhang 2019 23.49 4.42 28 20.92 6.05 30 3.0% 2.57 [-0.14, 5.28]

29-Tian 2021 22.34 27 25 19.07 1.65 25 4.4% 3.27 [2.20, 4.34] b

30-Li 2018 24.53 2.24 60 20.93 1.88 60 4.6% 3.60 [2.86, 4.34] -

32-Zhang 2021 25.47 3.25 50 23.42 3.45 50 4.2% 2.05[0.74, 3.36] -

33-Zhou 2020 25.18 4.89 30 19.67 3.37 30 3.5% 5.51 [3.38, 7.64] -

35-Du 2019 28.75 214 30 24.87 2.04 30 4.4% 3.88 [2.83, 4.93] s

37-Xiong J 2020 21.96 3.89 35 21.18 3.67 35 3.9% 0.78 [-0.99, 2.55] s

38-Jiang C 2016 23.52 3.83 52 21.06 3.78 51 4.1% 2.46 [0.99, 3.93] s

Subtotal (95% CI) 573 574 57.0% 3.34 [2.63, 4.05] >

Heterogeneity: Tau? = 1.29; Chi? = 51.81, df = 13 (P < 0.00001); I = 75%

Test for overall effect: Z = 9.18 (P < 0.00001)

Total (95% Cl) 1049 1050 100.0% 3.94 [3.16, 4.72] >

Heterogeneity: Tau? = 3.30; Chi? = 212.52, df = 24 (P < 0.00001); I = 89% 5 g s £

Test for overall effect: Z = 9.89 (P < 0.00001)
Test for subgroup differences: Chi? = 3.31, df = 1 (P = 0.07), I? = 69.8%

FIGURE 5

Acupuncture therapy Cognitive rehabitation

Forest plot of the treatment duration subgroup of acupuncture treatment combined with CR vs. CR on MMSE scale.

Acupuncture therapy Cognitive rehabilitation

Mean Difference Mean Difference

Test for overall effect: Z = 8.42 (P < 0.00001)

FIGURE 6

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
02-Mao 2019 27.08 362 39 2076 3.17 39 58% 6.32[4.81,7.83] s r
05-Niu 2021 2692 365 75 2198 4.61 75 62% 4.94[3.61,6.27]

07-Yang 2018 17.08 175 34 1506 1.58 33 7.0% 1.97 [1.17, 2.77] -

10-Hu 2021 21.54 598 63  18.76 5.32 63  50% 2.78[0.80, 4.76] — 5
11-Zhang 2020 2607 174 30 2293 2.15 30 6.7% 3.14 [2.15, 4.13] e
14-Liu 2020 18.05  0.76 56  16.58 1.72 56  7.3% 1.47 [0.98, 1.96] ==

15-Xie 2022 2418 175 47 2025 2.18 47 7.0% 3.93[3.13, 4.73] =
17-Zhuo 2021 211 354 20 1868 3.14 22 4.9% 2.42[0.39, 4.45]

19-Yao 2019 2001 498 40 1842 3.87 38  50% 1.59 [-0.38, 3.56] 7

20-Wang 2018 26.88 534 50 2243 4.12 50  52% 4.45[2.58, 6.32] =
24-Wang 2021 1813 207 40 1652 2.14 40  6.8% 1.61[0.69, 2.53] T
25-Song 2020 214 5.8 35 18.6 5.2 35 41% 2.80 [0.22, 5.38]

26-Lin 2014 20.93 7.8 30  18.51 7.68 29 25% 2.42[-1.53, 6.37] 1

31-Wei 2019 1857  6.38 30 15.18 5.5 30 35% 3.39 [0.38, 6.40]

33-Zhou 2020 2407 458 30 20.2 3.68 30  4.8% 3.87 [1.77,5.97]

35-Du 2019 2856 212 30 2394 2.03 30  6.6% 4.62[3.57, 5.67] —
36-Chen 2020 21.87 234 30 16.76 2.12 30 6.5% 5.11[3.98, 6.24] ===
38-Jiang C 2016 2004 568 52 18.02 4.97 51 4.9% 2.02 [-0.04, 4.08]

Total (95% CI) 731 728 100.0% 3.30 [2.53, 4.07] <>
Heterogeneity: Tau? = 2.04; Chi® = 111.36, df = 17 (P < 0.00001); I = 85% 5 = . s 5

Cognitive rehabilitation  Acupuncture therapy

Forest plot of acupuncture treatment combined with CR vs. CR on MoCA scale.

3.5.2. Ability to perform activities of daily living
3.5.2.1. Modified barthel index

Seventeen studies (33, 35-37, 39, 40, 43, 47, 49, 51, 52, 55, 56,
58, 59, 65, 67) with 1,295 patients adopted the MBI scale to evaluate
patients’ ability to perform activities of daily living. Because of high
heterogeneity (P < 0.00001, I = 94%), a random effects model was
used. The combined data demonstrated that acupuncture treatment
combined with CR had a significant advantage over the control group
in terms of improving the ability to self-care (MD: 8.66, 95%CI:
5.85-11.47, P < 0.00001, see Supplementary Figure 1).

We performed subgroup analysis of the included studies
according to acupuncture modality and treatment period. The results
of the subgroup analysis based on acupuncture modality showed
that MA plus CR (MD: 9.15, 95%CI: 6.17-12.14, P < 0.00001, see
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Supplementary Figure 2) and EA plus CR (MD: 1.74, 95%CI: 0.13—
3.35, P = 0.03, see Supplementary Figure 2) performed better in
improving self-care ability than CR alone. In the subgroup analysis
of treatment cycles, we found a significant difference in the treatment
effect of acupuncture treatment combined with CR compared with
the CR alone (MD: 8.41, 95%CI: 4.55-12.28, P < 0.0001, 0-4
weeks; MD: 8.79, 95%CI: 4.59-12.99, P < 0.0001, > 4 weeks;
see Supplementary Figure 3). One study (59) was the reason for
heterogeneity in the 0-4 weeks treatment duration subgroup. It
had an unreported mean age and a longer duration of disease
compared to other studies, which may have contributed to the
heterogeneity. After excluding this study, the MD values of the pooled
data still favored acupuncture treatment combined with CR (see
Supplementary Table 1). In sensitivity analyses of other subgroups,
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Acupuncture therapy Cognitive rehabilitation Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean Total i IV. Ran % Cl IV. Random, 95% CI
1.2.1 MA+CR VS CR
02-Mao 2019 27.08 3.62 39 20.76 3.17 39 6.3% 6.32 [4.81, 7.83] —
05-Niu 2021 26.92 3.65 75 21.98 4.61 75 6.6% 4.94 [3.61, 6.27] -
07-Yang 2018 17.03 1.75 34 15.06 1.58 33 7.4% 1.97 [1.17, 2.77] =
10-Hu 2021 21.54 5.98 63 18.76 5.32 63 5.5% 2.78 [0.80, 4.76]
14-Liu 2020 18.05 0.76 56 16.58 1.72 56 7.7% 1.47 [0.98, 1.96] -
15-Xie 2022 24.18 1.75 47 20.25 2.18 47 7.4% 3.93 [3.13, 4.73] %
17-Zhuo 2021 21.1 3.54 20 18.68 3.14 22 5.4% 2.42[0.39, 4.45]
20-Wang 2018 26.88 5.34 50 22.43 4.12 50 5.6% 4.45 [2.58, 6.32] -
24-Wang 2021 18.13 2.07 40 16.52 2.14 40 7.2% 1.61[0.69, 2.53] =
25-Song 2020 21.4 5.8 35 18.6 52 35 4.5% 2.80[0.22, 5.38]
33-Zhou 2020 24.07 4.58 30 20.2 3.68 30 5.2% 3.87 [1.77, 5.97] I
35-Du 2019 28.56 212 30 23.94 2.03 30 7.0% 4.62 [3.57, 5.67] =
36-Chen 2020 21.87 2.34 30 16.76 212 30 6.9% 5.11 [3.98, 6.24] -
38-Jiang C 2016 20.04 5.68 52 18.02 497 51 5.3% 2.02 [-0.04, 4.08] - = =
Subtotal (95% Cl) 601 601 87.9% 3.45 [2.54, 4.35] >
Heterogeneity: Tau? = 2.39; Chi? = 109.29, df = 13 (P < 0.00001); I> = 88%
Test for overall effect: Z = 7.47 (P < 0.00001)
1.2.2 EA+CR VS CR
11-Zhang 2020 0 0 0 0 0 0 Not estimable
19-Yao 2019 20.01 4.98 40 18.42 3.87 38 5.5% 1.59 [-0.38, 3.56] 5
26-Lin 2014 20.93 7.8 30 18.51 7.68 29 2.8% 2.42[-1.53, 6.37] I
31-Wei 2019 18.57 6.38 30 15.18 5.5 30 3.9% 3.39 [0.38, 6.40]
Subtotal (95% CI) 100 97  12.1% 2.17 [0.65, 3.70] i
Heterogeneity: Tau? = 0.00; Chi2 = 0.98, df = 2 (P = 0.61); 1> = 0%
Test for overall effect: Z = 2.80 (P = 0.005)
Total (95% Cl) 701 698 100.0% 3.31[2.49, 4.14] >
Heterogeneity: Tau? = 2.25; Chi2 = 110.94, df = 16 (P < 0.00001); I = 86% _1‘0 5 58 5 1:0
Test for overall effe\?t: Z2=7.85 (PA< 0.00001) Cognitive rehabilitation ~ Acupuncture therapy
Test for subgroup differences: Chi2 = 1.99, df = 1 (P = 0.16), 12 =49.7%

FIGURE 7

Forest plot of the intervention subgroup of acupuncture treatment combined with CR vs. CR on MoCA scale. MA, manual acupuncture; EA,

electro-acupuncture; CR, cognitive rehabilitation.

heterogeneity did not appear significantly reduced regardless of
which studies were excluded, while the pooled data did not show
significant fluctuations.

3.5.2.2. Functional independence measure

Adequate information regarding the FIM scale was found in three
studies (50, 63, 69) with 281 PSCI patients. Because the heterogeneity
was acceptable (P = 0.26, I? = 26%), a fixed effect model was
adopted. The combined data demonstrated significant advantages
of acupuncture treatment combined with CR over CR alone in
improving the self-care ability in patients with PSCI (MD: 5.24,
95%CI: 3.90-6.57, P < 0.00001, see Supplementary Figure 4).

4. Adverse events

By scanning 38 studies, we found that the majority of patients
who suffered adverse events were able to recover spontaneously
without medical intervention. The adverse events are described
specifically as follows: one study (69) reported no adverse events
occurred during the treatment. Two studies (38, 50) reported
five patients who suffered from subcutaneous edema during
acupuncture treatment, which was relieved by compression. In
addition, one patient experienced dizziness as a result of using
acupuncture therapy for the first time and retaining the needle
for a long period, which was alleviated by drinking warm water.
No adverse events were mentioned in the remaining studies.
The merged data using a fixed effects model demonstrated
that there was no statistically significant difference between
acupuncture treatment and CR regarding the occurrence of adverse
effects (RR: 6.83, 95%CI: 0.86-54.13, I* = 0%, P = 0.07, see
Supplementary Figure 5).
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5. Publication bias

The funnel plot and Egger’s test were adopted to evaluate
publication bias based on the MMSE, MoCA and MBI scales. The
funnel plot distribution was asymmetric, with some studies outside
the 95% confidence interval (see Supplement Figures 6-8). Egger’s
tests showed that there were publication biases for the MBI scale
(P = 0.028) but not MMSE (P = 0.341) and MoCA (P = 0.10) scales
(see Supplement Tables 2-4). The results of funnel plot and Egger’s
test revealed potential publication bias.

6. Evidence assessment of outcome
measures

The strength of evidence for five scales mentioned above was
evaluated as a “low” level of certainty. Deficiencies in the study design
and considerable statistical heterogeneity were the main reasons for
the downgraded certainty of the evidence (see Table 3).

7. Discussion

In this systematic review, 38 RCTs involving a total of 2,971
patients were included. Our findings from this review suggested
that the combination of acupuncture treatment and CR was
beneficial for global cognitive function (measured by MMSE,
MoCA, and LOTCA) and activities of daily living (measured
by MBI and FIM) in patients with PSCI. The results of the
subgroup analysis showed no difference in the improvement
of cognitive function between electro-acupuncture and manual
acupuncture (measured by MoCA). Furthermore, we also observed
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Test for overall effect: Z = 8.42 (P < 0.00001)
Test for subgroup differences: Chi* = 0.14, df =1 (P = 0.71), I? = 0%

FIGURE 8

dy o bgro Mean D ota
1.3.1 0-4 weeks
07-Yang 2018 17.03 1.75 34 15.06 1.58 33 7.0% 1.97[1.17, 2.77] =
14-Liu 2020 18.05 0.76 56 16.58 172 56 7.3% 1.47 [0.98, 1.96] -
15-Xie 2022 24.18 1.75 47 20.25 2.18 47 7.0% 3.93 [3.13, 4.73] -
17-Zhuo 2021 211 3.54 20 18.68 3.14 22 4.9% 2.42[0.39, 4.45]
20-Wang 2018 26.88 5.34 50 22.43 4.12 50 5.2% 4.45[2.58, 6.32] -
26-Lin 2014 20.93 7.8 30 18.51 7.68 29 2.5% 2.42[-1.53, 6.37] ]
36-Chen 2020 21.87 2.34 30 16.76 2.12 30 6.5% 5.11 [3.98, 6.24] -
Subtotal (95% CI) 267 267 40.5% 3.13 [1.89, 4.36] ‘
Heterogeneity: Tau? = 2.14; Chi? = 55.45, df = 6 (P < 0.00001); I*> = 89%
Test for overall effect: Z = 4.97 (P < 0.00001)
1.3.2 > 4 weeks
02-Mao 2019 27.08 3.62 39 20.76 3.17 39 5.8% 6.32[4.81,7.83] ==
05-Niu 2021 26.92 3.65 75 21.98 4.61 75 6.2% 4.94 [3.61, 6.27] T
10-Hu 2021 21.54 5.98 63 18.76 5.32 63 5.0% 2.78 [0.80, 4.76]
11-Zhang 2020 26.07 1.74 30 22.93 215! 30 6.7% 3.14 [2.15, 4.13] i
19-Yao 2019 20.01 4.98 40 18.42 3.87 38 5.0% 1.59 [-0.38, 3.56] 1
24-Wang 2021 18.13 2.07 40 16.52 2.14 40 6.8% 1.61[0.69, 2.53] -
25-Song 2020 21.4 5.8 35 18.6 5.2 35 4.1% 2.80[0.22, 5.38]
31-Wei 2019 18.57 6.38 30 15.18 5.5 30 3.5% 3.39 [0.38, 6.40] - = =
33-Zhou 2020 24.07 4.58 30 20.2 3.68 30 4.8% 3.87[1.77,5.97]
35-Du 2019 28.56 2.12 30 23.94 2.03 30 6.6% 4.62 [3.57, 5.67] -
38-Jiang C 2016 20.04 5.68 52 18.02 4.97 51 4.9% 2.02 [-0.04, 4.08] =
Subtotal (95% CI) 464 461  59.5% 3.43 [2.44, 4.41] >
Heterogeneity: Tau? = 1.99; Chi? = 45.14, df = 10 (P < 0.00001); I? = 78%
Test for overall effect: Z = 6.79 (P < 0.00001)
Total (95% CI) 731 728 100.0% 3.30 [2.53, 4.07] ’
Heterogeneity: Tau? = 2.04; Chi? = 111.36, df = 17 (P < 0.00001); I? = 85% _1‘0 5 3 5 1’0

Forest plot of the treatment duration subgroup of acupuncture treatment combined with CR vs. CR

Mean Difference

Cognitive rehabilitation  Acupuncture therapy

on MoCA scale.

Acupunture therapy Cognitive rehabilitation

Mean Difference Mean Difference

Test for overall effect: Z = 4.76 (P < 0.00001)

FIGURE 9

_Study or Subgroup ~ Mean SD__ Total Mean SD Total Weight IV. Random. 95% CI IV. Random, 95% ClI
01-Teng 2018 74 7.9 55  68.09 6.94 55 17.3% 5.91 [3.27, 8.55] ——
06-Liao 2016 70.41 5.87 30 67.93 7.65 30 16.4% 2.48 [-0.97, 5.93] T
09-Jiang 2018 93.14  8.24 40 8211 6.65 40 16.6%  11.03[7.75, 14.31] ——
12-Wang 2016 813  6.69 20 726 6.24 20 15.7% 8.70 [4.69, 12.71] ——
21-Xing 2017 86.03  4.77 30 71.28 4.89 26 17.4% 14.75[12.21,17.29] ——
37-Xiong J 2020 786 652 35  64.58 6.47 35 16.8% 14.02[10.98, 17.06] e
Total (95% CI) 210 206 100.0%  9.53 [5.61, 13.45] i
Heterogeneity: Tau? = 21.39; Chi? = 48.38, df = 5 (P < 0.00001); I2 = 90% _2=0 _150 140 2’0

Forest plot of acupuncture therapy combined with CR vs. CR on LOTCA scale

Acupuncture therapy Cognitive rehabilitation

that electro-acupuncture combined with CR did not show sufficient
advantages compared to CR alone (measured by MMSE). In
terms of treatment duration, the results did not change with
increasing treatment duration (measured by MMSE, MoCA, and
MBI). Two studies (38, 50) (5.3%) reported AEs associated with
acupuncture treatment, with the major AEs including subcutaneous
edema and fainting. Sensitivity analysis showed that the effect
of acupuncture treatment combined with CR on the cognitive
function and daily living abilities of PSCI patients was robust.
The existence of methodological flaws and high heterogeneity in
the included studies makes the certainty of the evidence was
“low” level.

After searching, we found three similar studies (24-26) regarding
acupuncture for the treatment of PSCIL. The meta-analysis published
in 2017 searched the literature up to 2016 and compared electro-
acupuncture with cognitive training or pharmacotherapy, eventually
including 14 RCTs with a total of 896 patients. The results
demonstrated that electro-acupuncture did not show a significant
advantage in the improvement of daily living abilities in patients with
PSCI, which is contrary to our findings in this review. We observed
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that only four studies were used to analyze the effect of electro-
acupuncture on the ability to perform daily living in patients with
PSCI. Considering that there was a deficiency in the sample size of the
included studies could be the source of this discrepancy. The merged
results of the study may change with increasing sample size, as in
our review. Furthermore, the study only assessed the quality of RCT
reports regarding electro-acupuncture for PSCI and did not cover
other acupuncture types (e.g., body and scalp acupuncture), which
also contributed to the shortage in the sample size and limitations of
the findings.

Notably, with the continuous deterioration of cognitive function
in patients with PSCI, the ability to perform activities of daily living
is unavoidably impaired. Consequently, it is particularly important to
assess whether PSCI patients ability to care for themselves improves
after receiving acupuncture treatment. Two meta-analyses published
in 2020 and 2021 respectively, in which only the MMSE and MoCA
scales were selected as outcome indicators to evaluate improvements
in cognitive function, reached conclusions consistent with our
findings. In contrast, our study additionally added the MBI and FIM
scales to observe changes in the self-care ability of daily living in
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TABLE 3 Results of evidence assessment.

No of
studies

Design

Risk of
bias

Quality assessment

Inconsistency

Mental State Examination Scale (MMSE)

Indirectness

Imprecision

Effect
Absolute

No of patients

Acupuncture Cognitive
therapy rehabilitation

Quiality

Relative
(95% Cl)

Other .
considerations

Importance

25 Randomized Serious® Serious® No serious Not serious None 1,049 1,050 - MD 3.94 ®B00 Critical
trials higher (3.16 Low
to 4.72
higher)
Montreal Cognitive Assessment Scale (MoCA)
18 Randomized | Serious® Serious® No serious Not serious None 731 728 - MD 3.3 DHO0 Critical
trials higher (2.53 Low
to 4.07
higher)
Loewenstein Occupational Therapy Cognitive Assessment (LOTCA)
6 Randomized | Serious® Serious® No serious Not serious None 210 206 - MD 9.53 DHOO Important
trials higher (5.61 Low
to 13.45
higher)
Modified Barthel Index (MBI)
17 Randomized | Serious® Serious® No serious Not serious None 646 649 - MD 8.66 DH00 Important
trials higher (5.85 Low
to 11.47
higher)
Functional Independence Measure (FIM)
3 Randomized | Serious® No serious No serious Serious® None 142 139 - MD 5.24 DHO0 Important
trials higher (3.9 to Low
6.57 higher)

#Inadequate description of allocation concealment and failure to implement or describe blinding of participants and personnel.
bConsiderable statistical heterogeneity.
“Total sample size was <400.
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PSCI patients after receiving acupuncture treatment. However, we
must take into account that the methodological quality of the RCTs
in this meta-analysis is flawed. For example, 10 RCTs (33, 43, 47, 50,
51, 53, 63, 64, 66, 67) did not follow a strict randomization sequence
of generation, but only mentioned the term “randomization,” from
which we could not determine the exact method of generation.
Second, none of the included studies in this meta-analysis mentioned
details about allocation concealment. Only three studies (61, 65, 68)
achieved blinding of participants, operators, and outcome assessors.
Accordingly, the conclusions of this meta-analysis should be treated
with caution.

The potential mechanisms of acupuncture for the treatment of
PSCI have been extensively studied. The possible mechanisms of
PSCI treatment are as follows: Frist, nuclear factor-kB (NF-kB) is an
important intracellular transcriptional regulator involved in a range
of immune and inflammatory responses. After the ischemic stroke
occurs, NF-kB enters the nucleus in an activated state, promoting
an inflammatory response that exacerbates brain tissue damage and
leads to cognitive impairment (70). Acupuncture can inhibit the
entry of NF-kB into the nucleus and reduce the production of
inflammatory factors (71). Second, morphological and quantitative
damage of synapses is one of the important causes of cognitive
impairment in PSCI patients (72). Acupuncture can improve synaptic
plasticity by upregulating the expression of postsynaptic mitogen-
95 and synaptophysin proteins, resulting in the establishment of
effective intracerebral collateral circulation (73). Third, acupuncture
can improve neurological deficits in PSCI patients by promoting
the expression of brain-derived neurotrophic factors and vascular
endothelial growth factors (74). Fourth, acupuncture can improve
cognitive function by inhibiting oxidative stress in brain tissue to
reduce neuronal cell damage (75).

However, before applying the results to clinical practice, we
must take into account some limitations in this review. First,
although 38 RCTs were ultimately included in this mate-analysis,
the majority of studies suffered from unclear methods of random
sequence generation, lack of blinding of participants and operators,
and uncertainty in blinding for outcome assessors. Specifically, 26%
of the studies did not specify the method of random sequence
generation. None of the randomized controlled trials implemented
allocation concealment. Eighty-two percent of the trials did not
describe blinding of outcome assessors. Eighty-six percent of the
trials did not describe the blinding of participants and operators.
In addition, only 12 studies were approved by the ethics committee
and formally registered. These factors will inevitably lead to some
degree of selection bias, detection bias, and reporting bias. Second,
another limitation is the presence of a high degree of heterogeneity
among the included studies. Although we attempted to find the
cause of high heterogeneity through subgroup analysis and sensitivity
analysis, acupuncture, as a complex treatment, may itself be a source
of heterogeneity. To derive maximum benefit from acupuncture
treatment, we need to consider a combination of factors, such as the
selection and combination of acupoints, the depth and retention time
of needles, and the duration and frequency of treatment. Although we
grouped the studies by acupuncture modality and treatment period,
these parameters are still variable and we were unable to precisely and
reliably identify the cause of the significant heterogeneity. Therefore,
future experimental studies should elaborate on the acupuncture
protocol to further improve the integrity of the report. Furthermore,
variability in the skill level of acupuncture therapists can also
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have an impact on treatment outcomes. The variability of these
factors may account for the high degree of heterogeneity. These
two limitations are the main reasons for the lower level of evidence
in this review. In addition, most of the studies in this review
were published in Chinese, and only two studies were published
in English databases. Therefore, the conclusions drawn need to be
interpreted with caution as the superior efficacy of acupuncture
over cognitive rehabilitation in the treatment of PSCI in China.
Patients with PSCI have a long-term recovery period, but the studies
included all used short-term outcome indicators and lacked long-
term follow-up of patients. Therefore, the long-term efficacy of
acupuncture for PSCI needs to be further explored. In addition,
we need to note that in this review, outcome indicators such as
MMSE, MoCA, and LOTCA are presented as cognitive screening
tools for patients with PSCI, rather than serving as comprehensive
cognitive assessments. A further limitation is that the severity of
cognitive impairment in patients with PSCI was not clearly defined
in this study in terms of inclusion criteria. Considering that PSCI
is a disease with highly complex features and the presence of other
comorbidities that can affect the cognitive function of patients to
varying degrees, this may also contribute to the high degree of
heterogeneity. Therefore, it is suggested that future studies could
be conducted in specific areas to provide more definitive and high-
quality evidence for the efficacy of acupuncture in the treatment of
PSCI. Finally, of the 38 studies included, one study reported no AEs
during acupuncture treatment and two studies reported mild AEs in
six patients. Acupuncture treatment appears to be relatively safe and
did not cause severe AEs.

Because of the unique geographical characteristics of acupuncture
treatment, we had to search as comprehensively as possible for
RCTs related to acupuncture treatment in Chinese journals. However,
we noticed that the vast majority of studies published in Chinese
databases had experimental design flaws. To truly and effectively
evaluate the efficacy of acupuncture for PSCI and to provide high-
quality evidence for clinical practice, future studies need to be more
rigorous in terms of experimental design and methodology. As
a non-pharmaceutical type of intervention, acupuncture therapists
require the selection of different acupoints for treatment in clinical
practice, which makes it difficult to achieve operator blinding.
However, we can achieve blinding of participants through sham
acupuncture or placebo acupuncture to minimize the occurrence of
bias. Also, blinding of outcome assessors is feasible and necessary.
In addition, 68%of the studies in this review were not pre-
registered. Therefore, future study protocols should be prospectively
registered in advance in registries to reduce the possibility of
reporting bias.

8. Conclusion

This systematic review suggests that the addition of acupuncture
therapy to cognitive rehabilitation may have a positive effect on
improving cognitive function and activities of daily living in patients
with PSCI. However, due to the methodological limitations of the
included studies, this evidence was rated as “low” by GRADE, and the
results should be treated with caution. Future clinical studies should
use a high-quality randomized, double-blind controlled trial design.
Meanwhile, long-term follow-up and efficacy assessment as well as
large multicenter sample size clinical studies are highly desirable.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1035125
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Liu et al.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

FY-C proposed the review, designed the protocol, made further
revisions, and refinements to the article. ZK and HH-Z performed the
literature search and screening. XP-L and BQ-W performed the data
extraction and tabulation. JQ-H and PQ completed the assessment of
the risk of bias and evidence rating. YL and LZ analyzed the data and
completed the initial manuscript. All authors read and approved the
final version of the manuscript for acceptance for publication.

Funding

This work was supported by the National Natural Science
Foundation of China (No. 81603684).

References

1. Musuka TD, Wilton SB, Traboulsi M, Hill MD. Diagnosis and Management of Acute
Ischemic Stroke: Speed Is Critical. CMA]J. (2015) 187:887-93. doi: 10.1503/cmaj.140355

2. Kernan WN, Viera AJ, Billinger SA, Bravata DM, Stark SL, Kasner SE,
et al. Primary care of adult patients after stroke: a scientific statement from the
American Heart Association/American Stroke Association. Stroke. (2021) 52:e558-
e71. doi: 10.1161/STR.0000000000000382

3. Sun JH, Tan L, Yu JT. Post-stroke cognitive impairment: epidemiology, mechanisms
and management. Ann Transl Med. (2014) 2:80. doi: 10.3978/j.issn.2305-5839.2014.08.05

4. Pendlebury ST, Cuthbertson FC, Welch S], Mehta Z, Rothwell PM. Underestimation
of cognitive impairment by mini-mental state examination versus the montreal cognitive
assessment in patients with transient ischemic attack and stroke: a population-based
study. Stroke. (2010) 41:1290-3. doi: 10.1161/STROKEAHA.110.579888

5. Leibson CL, Long KH, Ransom JE, Roberts RO, Hass SL, Duhig AM,
et al. Direct medical costs and source of cost differences across the spectrum
of cognitive decline: a population-based study. Alzheimers Dement. (2015) 11:917-
32. doi: 10.1016/j.jalz.2015.01.007

6. Claesson L, Lindén T, Skoog I, Blomstrand C. Cognitive Impairment after Stroke -
Impact on Activities of Daily Living and Costs of Care for Elderly People. The Goteborg
70+ stroke study. Cerebrovasc Dis. (2005) 19:102-9. doi: 10.1159/000082787

7. Shaker HA, Sawan SAE, Fahmy EM, Ismail RS, Elrahman S. Effect of transcranial
direct current stimulation on cognitive function in stroke patients. Egypt ] Neurol
Psychiatr Neurosurg. (2018) 54:32. doi: 10.1186/s41983-018-0037-8

8. Whyte EM, Lenze EJ, Butters M, Skidmore E, Koenig K, Dew MA, et al
An open-label pilot study of acetylcholinesterase inhibitors to promote functional
recovery in elderly cognitively impaired stroke patients. Cerebrovasc Dis. (2008) 26:317—
21. doi: 10.1159/000149580

9. Peng Z, Jiang H, Wang X, Huang K, Zuo Y, Wu X, et al. The efficacy of cognitive
training for elderly chinese individuals with mild cognitive impairment. Biomed Res Int.
(2019) 2019:4347281. doi: 10.1155/2019/4347281

10. Marucci G, Buccioni M, Ben DD, Lambertucci C, Volpini R, Amenta F. Efficacy
of acetylcholinesterase inhibitors in Alzheimer’s disease. Neuropharmacology. (2021)
190:108352. doi: 10.1016/j.neuropharm.2020.108352

11. Sasegbon A, Cheng I, Zhang M, Hamdy S. Advances in the use of
neuromodulation for neurogenic dysphagia: mechanisms and therapeutic
application of pharyngeal electrical stimulation, transcranial magnetic stimulation,
and transcranial direct current stimulation. Am ] Speech Lang Pathol. (2020)
29:1044-64. doi: 10.1044/2020_AJSLP-19-00073

12. Tosun A, Tiire S, Askin A, Yardimci EU, Demirdal SU, Kurt Incesu T,
et al. Effects of low-frequency repetitive transcranial magnetic stimulation and
neuromuscular electrical stimulation on upper extremity motor recovery in the
early period after stroke: a preliminary study. Top Stroke Rehabil. (2017) 24:361-
7. doi: 10.1080/10749357.2017.1305644

Frontiersin Neurology

10.3389/fneur.2023.1035125

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.2023.
1035125/full#supplementary-material

13. Petersen RC, Lopez O, Armstrong M], 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

14. Quinn TJ, Richard E, Teuschl Y, Gattringer T, Hafdi M, O’Brien JT, et al. european
stroke organisation and European academy of neurology joint guidelines on post-stroke
cognitive impairment. Eur J Neurol. (2021) 28:3883-920. doi: 10.1111/ene.15068

15. Zhuang Y, Xing JJ, Li ], Zeng BY, Liang FR. History of acupuncture research. Int Rev
Neurobiol. (2013) 111:1-23. doi: 10.1016/B978-0-12-411545-3.00001-8

16. Witt CM, Pach D, Reinhold T, Wruck K, Brinkhaus B, Mank S, et al. Treatment
of the adverse effects from acupuncture and their economic impact: a prospective
study in 73,406 patients with low back or neck pain. Eur J Pain. (2011) 15:193-
7. doi: 10.1016/j.¢jpain.2010.06.008

17. Berman BM, Langevin HM, Witt CM, Dubner R. Acupuncture for chronic low back
pain. N Engl ] Med. (2010) 363:454-61. doi: 10.1056/NEJMct0806114

18. Kim KH, Lee MS, Kim TH, Kang JW, Choi TY, Lee JD. Acupuncture and related
interventions for symptoms of chronic kidney disease. Cochrane Database Syst Rev. (2016)
2016:Cd009440. doi: 10.1002/14651858.CD009440.pub2

19. Burke A, Upchurch DM, Dye C, Chyu L. Acupuncture use in the United States:
findings from the national health interview survey. J Altern Complement Med. (2006)
12:639-48. doi: 10.1089/acm.2006.12.639

20. Liu R, Yu X, Wang J, Liu Y, Liu B, Li X, et al. Evaluation of the efficacy and
safety of the use of acupuncture for the adjuvant treatment of patients with post-
stroke cognitive impairment: protocol for a randomized controlled trial. Trials. (2020)
21:753. doi: 10.1186/513063-020-04656-w

21. SuKQ, Liu ST, Li JY, Li RQ, Feng HL, Xue Y, et al. Effects of different acupuncture
treatment methods on post-stroke cognitive impairment: study protocol for a multicenter
randomized controlled trial. Trials. (2021) 22:27. doi: 10.1186/s13063-020-04959-y

22. Yuan M, Zhang XX, Fu XC, Bi X. enriched environment alleviates post-
stroke cognitive impairment through enhancing A7-nachr expression in rats. Arq
Neuropsiquiatr. (2020) 78:603-10. doi: 10.1590/0004-282x20200081

23. Kim H, Seo JS, Lee SY, Ha KT, Choi BT, Shin YI, et al. Aim2 inflammasome
contributes to brain injury and chronic post-stroke cognitive impairment in mice. Brain
Behav Immun. (2020) 87:765-76. doi: 10.1016/j.bbi.2020.03.011

24. Zhan ], Wang X, Cheng N, Tan F. Electroacupuncture for post stroke cognitive
impairment: a systematic review and meta-analyses. Zhongguo Zhen Jiu. (2017) 37:1119-
25. doi: 10.13703/j.0255-2930.2017.10.025

25. Zhou L, Wang Y, Qiao J, Wang QM, Luo X. Acupuncture for improving cognitive
impairment after stroke: a meta-analysis of randomized controlled trials. Front Psychol.
(2020) 11:549265. doi: 10.3389/fpsyg.2020.549265

frontiersin.org


https://doi.org/10.3389/fneur.2023.1035125
https://www.frontiersin.org/articles/10.3389/fneur.2023.1035125/full#supplementary-material
https://doi.org/10.1503/cmaj.140355
https://doi.org/10.1161/STR.0000000000000382
https://doi.org/10.3978/j.issn.2305-5839.2014.08.05
https://doi.org/10.1161/STROKEAHA.110.579888
https://doi.org/10.1016/j.jalz.2015.01.007
https://doi.org/10.1159/000082787
https://doi.org/10.1186/s41983-018-0037-8
https://doi.org/10.1159/000149580
https://doi.org/10.1155/2019/4347281
https://doi.org/10.1016/j.neuropharm.2020.108352
https://doi.org/10.1044/2020_AJSLP-19-00073
https://doi.org/10.1080/10749357.2017.1305644
https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.1111/ene.15068
https://doi.org/10.1016/B978-0-12-411545-3.00001-8
https://doi.org/10.1016/j.ejpain.2010.06.008
https://doi.org/10.1056/NEJMct0806114
https://doi.org/10.1002/14651858.CD009440.pub2
https://doi.org/10.1089/acm.2006.12.639
https://doi.org/10.1186/s13063-020-04656-w
https://doi.org/10.1186/s13063-020-04959-y
https://doi.org/10.1590/0004-282x20200081
https://doi.org/10.1016/j.bbi.2020.03.011
https://doi.org/10.13703/j.0255-2930.2017.10.025
https://doi.org/10.3389/fpsyg.2020.549265
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Liu et al.

26. Kuang X, Fan W, Hu J, Wu L, Yi W, Lu L, et al. Acupuncture for post-stroke
cognitive impairment: a systematic review and meta-analysis. Acupunct Med. (2021)
39:577-88. doi: 10.1177/09645284211009542

27. Zhang SH, Wang YL, Zhang CX, Zhang CP, Xiao P, Li QF et al. Effect of
interactive dynamic scalp acupuncture on post-stroke cognitive function, depression,
and anxiety: a multicenter, randomized, controlled trial. Chin J Integr Med. (2022)
28:106-15. doi: 10.1007/s11655-021-3338-1

28. Du Y, Zhang L, Liu W, Rao C, Li B, Nan X, et al. Effect of acupuncture treatment
on post-stroke cognitive impairment: a randomized controlled trial. Medicine. (2020)
99:23803. doi: 10.1097/MD.0000000000023803

29. Moher D, Liberati A, Tetzlaff ], Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: the prisma statement. BMJ. (2009)
339:b2535. doi: 10.1136/bmj.b2535

30. Cumpston M, Li T, Page MJ, Chandler ], Welch VA, Higgins JP, et al
Updated guidance for trusted systematic reviews: a new edition of the cochrane
handbook for systematic reviews of interventions. Cochrane Database Syst Rev. (2019)
10:Ed000142. doi: 10.1002/14651858.ED000142

31. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,
et al. Grade: an emerging consensus on rating quality of evidence and strength of
recommendations. BMJ. (2008) 336:924-6. doi: 10.1136/bm;j.39489.470347.AD

32. Teng X, Zhou BE Gao LJ. Clinical study on post stroke cognitive
impairment by eye acupuncture guiding. J Trad Chin Med Pharm. (2018) 24:67-69.
doi: 10.13862/j.cnki.cn43-1446/1.20

33. Mao CX, Chen FN. 39 cases of cognitive impairment after stroke treated with head
acupuncture combined with modern rehabilitation training. TCM Res. (2019) 32:47-49.
doi: 10.3969/j.issn.1001-6910.2019.10.21

34. Liu ], Feng XD. Clinical observation of treating cognitive impairment after stroke by
electroacupuncture at baihui and shenting with cognitive rehabilitation training. China J
Chin Med. (2013) 28:608-610. doi: 10.16368/j.issn.1674-8999.2013.04.020

35. Wang HL, Feng XD, Chen Z. Clinical efficacy of electro-acupuncturing on baihui
and zusanli points plus rehabilitation training on post-stroke cognitive impairment. Clin
J Chin Med. (2017) 9:67-70. doi: 10.3969/].issn.1674-7860.2017.05.035

36. Niu L, Qing HW, Kong YF. Clinical study of cluster needling at scalp acupoints with
long-time needle-retaining combined with cognitive function training in the treatment
of cognitive dysfunction after cerebral onfarction. Res Integr Tradit Chin West Med.
(2021) 13:0377-80. doi: 10.3969/].issn.1674-4616.2021.06.005

37. Liao LH, Jiang XM, Teng X, Gao LJ, Gu LM, et al. Eye acupuncture in
treating cognitive dysfunction after stroke. Chin J Phys Med Rehabil. (2016) 38:118-21.
doi: 10.3760/cma.i.issn.0254-1424.2016.02.009

38. Yang FL, Luo KT, Yang XB, Ren HW, Gao E Qian LF. Clinical observation
of long-time needle retaining at baihui(Gv 20) on post-stroke cognitive disorder
of qi deficiency and blood stasis. Chin Acupunct Maribustion. (2018) 38:1151-6.
doi: 10.13703/j.0225-2930.2018.11.004

39. Wen YC, Li Y, Wang JL, Wu QM. Effect of tongyuan acupuncture combined with
cognitive function training on post-stroke cognitive impairment and its influence on
cognitive functure and self-care ability of patients. Med Innov China. (2020) 17:152-5.
doi: 10.3969/j.issn.1674-4985.2020.13.038

40. Jiang XM, Zhong ZF, Deng ZL. Clinical study of eye-acupuncture combined with
computer assisted cognitive training on cognitive impairment in patients with cerebral
apoplexy. Med Innov China. (2018) 15:63-65. doi: 10.3969/j.issn.1674-4985.2018.01.017

41. Hu CW, Wang JM. Effect of “Brain-Kidney Related” acupuncture theory
on cognitive function and neurotransmitter levels in elderly patients with
post-stroke cognitive impairment. Chin ] Convalescent Med. (2021) 30:286-5.
doi: 10.13517/j.cnki.ccm.2021.03.21

42. Zhang JW, Wei RP, Yang H, Shen YX, Zheng J. Head acupuncture combined
with computer-assisted training for cognitive impairment after cerebral infarction in the
elderly magnetic resonance spectroscopy imaging. Chin J Gerontol. (2020) 40:4067-70.
doi: 10.3969/j.issn.1005-9202.2020.19.011

43. Wang J. Effects of scalp acupuncture under background music combined with
computer-aided cognitive training on cognitive disorders. Chin ] Rehabil. (2016) 31:128-
30. doi: 10.3870/2gkf.2016.02.015

44. Wang YZ, Zhang HS, Wang LC, Miao W, Xu GZ, Liu MQ. Effect of cephalic
acupuncture combined with cognitive rehabilition on blood Ua, Aca and Vegf levels in
patients with cognitive impairment after cerebral infraction. ] Health TCM Pharmacol.
(2017) 35:36-38. doi: 10.16370/j.cnki.13-1214/r.2017.05.012

45. Liu ZY. Effect evaluation of baihui point long retaining needle on
cognitive dysfunction secondary to stroke. Smart Healthcare. (2020) 6:184-5.
doi: 10.19935/j.cnki.2096-1219.2020.6.093

46. Xie XL, Liu YT, Xu TM. Effectiveness observation of acupuncture plus
rehabilitation training in treating cerebral infarction with cognitive disorder. Smart
Health. (2022) 8:125-7. doi: 10.19335/j.cnki.2096-1219.2022.05.039

47. Yang Y, Zhang H. Clinical effect of bushen yisui acupuncture combined with
rehabilitation training on psci and its influence to Adl J Clin Acupunct Moxibustion.
(2019) 35:24-27. doi: 10.3969/j.issn.1005-0779.2019.07.008

48. Zhou JB, Zhang B, Zhang LY, Chen R, Gao KY, Shi Y. A clinical study on heart and
brain simultaneous treatment acupuncture combined with cognitive rehabilitation in the

Frontiersin Neurology

10.3389/fneur.2023.1035125

improvement of cognitive impairment of cerebral infarction. Yunnan J Tradit Chin Med
Mater Med. (2021) 46:24-27. doi: 10.16254/j,cnki.53-1120/r.2021.06.008

49. Yang MZ, Zhang B. The efficacy of acupuncture combined with cognitive function
training in the treatment of post-stroke cognitive impairment in 47 cases. Yunnan J Tradit
Chin Med Mater Med. (2017) 38:66-64. doi: 10.16254/j.cnki.53-1120/r.2017.02.028

50. Yao JJ, Lin SE Yu JF. Acupuncture combined with cognitive rehabilitation training
on cognitive function of stroke patients in clinical research. Asia Pac Tradit Med.
(2019) 15:119-121. doi: 10.11954/ytctyy.201909040

51. Wang WL, Lu XY, Zhu LS, Zhang P, Wei DQ, Zhou G. Effect of long-time
indwelling needle of sculp acupuncture at early stage combined with rehabilitation
training on cognitive disorder of stroke patients. ] New Chin Med. (2018) 50:164-167.
doi: 10.13457/j.cnki.jncm.2018.03.004

52. Xing H, Huang LN, Zhang RP. Efficacy of prolonged retention of scalp needles
on cognitive impairment in stroke patients. Med ] Natl Defend Forces Southwest China.
(2017) 27:1120-22. doi: 10.3969/j.iss1.1004-0188.2017.10.033

53. Piao Y. Analysis of the effect of acupuncture on cognitive dysfunction after
cerebral infarction. Shenzhen ] Interg Tradit Chin West Med. (2018) 28:34-36.
doi: 10.16458/j.cnki.1007-0893.2018.24.016

54. Qian LE, Yao Q, Luo KT, Yang F. Effect of long-time retaining of the needle at baihui
(Gv20) plus rehabilitation training on ischemic stroke. Shanghai ] Acupunct Moxibustion.
(2018) 37:499-502. doi: 10.13460/j.issn.1005-0957.2018.05.0499

55. Wang F, Gao S, Yang L. Efficacy observation of acupuncture combined with
cognitive training for cognitive impairment after ischemic stroke. Shanghai ] Acupunctes
Moxibustion. (2021) 40:759-800. doi: 10.13460/j.issn.1005-0957.2021.07.0795

56. Song Y, Zhao F, Huang WH, Chen Y. Therapeutic observation of acupuncture
based on brain-kidney correlated theory combined with rehabilitation training for post-
stroke cognitive impairment. Shanghai ] Acupunct Moxibustion. (2020) 39:657-660.
doi: 10.13460/j.issn.1005-0957.2020.06.0657

57. Lin ZC, Chen LD, Tao J, Jiang YJ, Chen AZ. Effects of electroacupuncture
at point baihui(Gv 20) on auditory P300 in patients with cognitive disorder
post cerebral infarction. Shanghai ] Acupunct Moxibustion. (2014) 33:14-17.
doi: 10.13460/j.issn.1005-0957.2014.01.0014

58. Zhang YY, Su B, Huang GL, Xu Y, Chen MQ, Zhu WJ, et al. Clinical Observation
of Triple Energizer Acupuncture Combined with Computer Aidedcognitive Training in
Treatment of Cognitive Impairment after Acute. Stroke ] Shandong Univ Tradit Chin Med.
(2019) 38:1185-21. doi: 10.16295/j.cnki.0257-358x.2019.12.007

59. Zeng L, ZX, Huang Z, Shao Y. Clinical effects of Jin’s 3-needle combined with
cognitive rehabilitation training in the treatment of convalescent cerebral apoplexy with
cognitive impairment. Shandong J Tradit Chin Med. (2018) 37:0367.

60. Tian YS, Su YT, Feng XY. Acupuncture combined with cognitive rehabilitation
training for the treatment of cognitive dysfunction after stroke efficacy observation. Clin
Med. (2021) 41:116-7. doi: 10.19528/j.issn.1003-3548.2021.01.049

61. Li M. Evaluation of the efficacy of acupuncture with rehabilitation training in the
treatment of cognitive dysfunction after cerebral infarction. China Health Vision. (2018)
15:118. doi: 10.3969/].1sn.1005-0019.2018.15169

62. Wei RZ, Zhang JB, Cong WD. Acupuncture and moxibustion on cognitive
dysfunction after cerebral infarction and the change of nhiss and adl scores Jilin. J Chin
Med. (2019) 39:1373-78. doi: 10.13463/].CNKI.JLZYY.2019.10.029

63. Zhang ZJ. Evaluation of the efficacy of acupuncture with rehabilitation training in
the treatment of cognitive dysfunction after cerebral infarction. Heilongjiang ] Tradit Chin
Med. (2021) 50:94-5.

64. Zhou LZ, Zhang Z]. Effect of acupuncture combined with rehabilitation training on
cognitive dysfunction after cerebral infarction. Reflexol Rehabil Med. (2020) 1:7-9.

65. Chen XN, Niu QQ. Effect of acupuncture combined with rehabilitation training on
cognitive dysfunction and serum cytokines in stroke patients. Chin ] Rehabil Theory Pract.
(2020) 7:40-42. doi: 10.195889/].CNKI.Isn2096-7950.2020.13.040

66. Du RZ, Zhu Y. Combination of Acupuncture Therapy and Functional Training
on Cognitive Impairment after Ischemic Stroke Chinese Manipulation & Rehabilitation
Medicine. (2019) 10:12-13. doi: 10.19787/].1sn.1008-1879.2019.02.006

67. Chen AZ, Lin ZC, Lan L. Combination of head-acupuncture prolonged
needle retention method and cognitive rehabilitation training platform on
post-stroke cognitive function. Chin Manip Rehabil Med. (2020) 11:22-26.
doi: 10.19787/J.issn.1008-1879.2020.05.009

68. Xiong J, Zhang ZC, Ma Y, Li ZH, Zhou E, Qiao N, et al. The effect of combined
scalp acupuncture and cognitive training in patients with stroke on cognitive and motor
functions. NeuroRehabilitation. (2020) 46:75-82. doi: 10.3233/NRE-192942

69. Jiang C, Yang SL, Tao ], 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 x 2 factorial design randomized controlled trial. ] Am Med Direct
Assoc. (2016) 17:1114-22. doi: 10.1016/j.jamda.2016.07.021

70. Zheng Z, Yenari MA. Post-ischemic inflammation: molecular mechanisms and
therapeutic implications. Neurol Res. (2004) 26:884-92. doi: 10.1179/016164104X2357

71. Kong LS, Sun GJ, Liu SH. Effects of acupuncture on the expression and content of
nuclear factor-Kb in hippocampus of rats with cerebral ischemia/reperfusion. Acupunct
Res. (2006) 31:140-44-193. doi: 10.13702/j.1000-0607.2006.03.003

frontiersin.org


https://doi.org/10.3389/fneur.2023.1035125
https://doi.org/10.1177/09645284211009542
https://doi.org/10.1007/s11655-021-3338-1
https://doi.org/10.1097/MD.0000000000023803
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.13862/j.cnki.cn43-1446/r.20
https://doi.org/10.3969/j.issn.1001-6910.2019.10.21
https://doi.org/10.16368/j.issn.1674-8999.2013.04.020
https://doi.org/10.3969/J.issn.1674-7860.2017.05.035
https://doi.org/10.3969/j.issn.1674-4616.2021.06.005
https://doi.org/10.3760/cma.i.issn.0254-1424.2016.02.009
https://doi.org/10.13703/j.0225-2930.2018.11.004
https://doi.org/10.3969/j.issn.1674-4985.2020.13.038
https://doi.org/10.3969/j.issn.1674-4985.2018.01.017
https://doi.org/10.13517/j.cnki.ccm.2021.03.21
https://doi.org/10.3969/j.issn.1005-9202.2020.19.011
https://doi.org/10.3870/zgkf.2016.02.015
https://doi.org/10.16370/j.cnki.13-1214/r.2017.05.012
https://doi.org/10.19935/j.cnki.2096-1219.2020.6.093
https://doi.org/10.19335/j.cnki.2096-1219.2022.05.039
https://doi.org/10.3969/j.issn.1005-0779.2019.07.008
https://doi.org/10.16254/j,cnki.53-1120/r.2021.06.008
https://doi.org/10.16254/j.cnki.53-1120/r.2017.02.028
https://doi.org/10.11954/ytctyy.201909040
https://doi.org/10.13457/j.cnki.jncm.2018.03.004
https://doi.org/10.3969/j.issn.1004-0188.2017.10.033
https://doi.org/10.16458/j.cnki.1007-0893.2018.24.016
https://doi.org/10.13460/j.issn.1005-0957.2018.05.0499
https://doi.org/10.13460/j.issn.1005-0957.2021.07.0795
https://doi.org/10.13460/j.issn.1005-0957.2020.06.0657
https://doi.org/10.13460/j.issn.1005-0957.2014.01.0014
https://doi.org/10.16295/j.cnki.0257-358x.2019.12.007
https://doi.org/10.19528/j.issn.1003-3548.2021.01.049
https://doi.org/10.3969/J.Isn.1005-0019.2018.15169
https://doi.org/10.13463/J.CNKI.JLZYY.2019.10.029
https://doi.org/10.195889/J.CNKI.Isn2096-7950.2020.13.040
https://doi.org/10.19787/J.Isn.1008-1879.2019.02.006
https://doi.org/10.19787/J.issn.1008-1879.2020.05.009
https://doi.org/10.3233/NRE-192942
https://doi.org/10.1016/j.jamda.2016.07.021
https://doi.org/10.1179/016164104X2357
https://doi.org/10.13702/j.1000-0607.2006.03.003
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Liu et al.

72. Ferreira A, Chin LS, Li L, Lanier LM, Kosik KS, Greengard P. Distinct roles
of synapsin i and synapsin ii during neuronal development. Mol Med. (1998) 4:22—
8. doi: 10.1007/BF03401726

73. Xie ZR, Xiao D, Tang YN, Chen C. Effects of electroacupuncture on the expression
of synaptophysin and postsynaptic mitogen-95 in serum and brain tissues of mcao rats.
Chin ] Inf Trad Chin Med. (2021) 1:81-5. doi: 10.19879/j.cnki.1005-5304.202005293

Frontiersin Neurology

18

10.3389/fneur.2023.1035125

74. Zhang YT, Tao LF. Effects of electroacupuncture on learning memory capacity and
vascular endothelial growth factor expression in rats with cerebral ischemia-reperfusion.
Acupunct Res. (2013) 40:70-3. doi: 10.3870/j.issn.1672-0741.2013.01.015

75. Lin YL, Lin RH, Chen B, Yu KQ, Tao J. Mechanisms of oxidative stress in the
learning-memory effect of electrodes in a focal cerebral ischemia-reperfusion model in
rats. Chin ] Rehabil Med. (2015) 30:755-60. doi: 10.3969/j.issn.1001-1242.2015.08.001

frontiersin.org


https://doi.org/10.3389/fneur.2023.1035125
https://doi.org/10.1007/BF03401726
https://doi.org/10.19879/j.cnki.1005-5304.202005293
https://doi.org/10.3870/j.issn.1672-0741.2013.01.015
https://doi.org/10.3969/j.issn.1001-1242.2015.08.001
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Acupuncture treatment vs. cognitive rehabilitation for post-stroke cognitive impairment: A systematic review and meta-analysis of randomized controlled trials
	1. Introduction
	2. Materials and methods
	2.1. Protocol and registration
	2.2. Search strategy
	2.3. Literature selection criteria
	2.4. Data collection process
	2.5. Study quality assessment
	2.6. GRADE assessment
	2.7. Statistical analysis

	3. Results
	3.1. Description of the studies
	3.2. Description of participants
	3.3. Description of interventions
	3.4. Methodological quality
	3.5. Meta-analysis
	3.5.1. Global cognitive function
	3.5.1.1. Mental state examination scale
	3.5.1.2. Montreal cognitive assessment scale
	3.5.1.3. Loewenstein occupational therapy cognitive assessment

	3.5.2. Ability to perform activities of daily living
	3.5.2.1. Modified barthel index
	3.5.2.2. Functional independence measure



	4. Adverse events
	5. Publication bias
	6. Evidence assessment of outcome measures
	7. Discussion
	8. Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


