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Abstract

Background Growing evidence showed that acupuncture may improve cognitive function by reducing oxidative
stress, key to the pathogenesis in vascular dementia (VaD), but this is yet to be systematically analysed. This study
aimed to summarize and evaluate the effect of acupuncture on oxidative stress in animal models of VaD.

Method Eight databases including PubMed, Embase, Web of Science, Cochrane library, CNKI, Wan Fang, CBM, and VIP
were searched since their establishment until April 2023, for studies that reported the effect of acupuncture on oxi-
dative stress in VaD animal models. Relevant literature was screened, and information was extracted by two review-
ers. The primary outcomes were the levels of oxidative stress indicators. The methodological quality was assessed

via the SYRCLE Risk of Bias Tool. Statistical analyses were performed using the RevMan and Stata software.

Results In total, 22 studies with 747 animals were included. The methodology of most studies had flaws or uncer-
tainties. The meta-analysis indicated that, overall, acupuncture significantly reduced the expression of pro-oxidants
including reactive oxygen species (standardized mean differences [SMDs]=-4.29, 95% confidence interval [Cl]: -6.26,
-2.31), malondialdehyde (SMD=-2.27, 95% Cl: -3.07, -1.47), nitric oxide (SMD =-0.85, 95% Cl: -1.50, -0.20), and nitric
oxide synthase (SMD=-1.01, 95% Cl:-1.69, -0.34) and enhanced the levels of anti-oxidants including super oxide
dismutase (SMD=2.80, 95% Cl: 1.98, 3.61), glutathione peroxidase (SMD=1.32,95% Cl:-0.11, 2.76), and catalase
(SMD=1.31,95% Cl: 0.05, 2.58) in VaD animal models. In subgroup analyses, acupuncture showed significant effects
on most variables. Only partial modelling methods and treatment duration could interpret the heterogeneity of some
outcomes.

Conclusion Acupuncture may inhibit oxidative stress to improve cognitive deficits in animal models of VaD. Never-
theless, the methodological quality is unsatisfactory. More high-quality research with a rigorous design and further
experimental researches and clinical trials are needed to confirm these findings.

Systematic review registration This study was registered in PROSPERO (CRD42023411720).

Qiong-Nan Bao, Man-Ze Xia and Jing Xiong contributed equally to this work
as co-first authors.

*Correspondence:

Shao-Jun Xu

xinyun1220@126.com

Zi-Han Yin

yinzihan@stu.cdutcm.edu.cn

Fan-Rong Liang

acuresearch@126.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13643-024-02463-x&domain=pdf

Bao et al. Systematic Reviews (2024) 13:59

Page 2 of 18

Keywords Acupuncture, Vascular dementia, Oxidative stress, Animal model, Meta-analysis

Introduction

Vascular dementia (VaD) is the second most common
type of dementia ranked behind Alzheimer’s disease.
The typical symptoms of VaD are progressive cognitive
impairment, behavioural abnormalities, affective disor-
der, and neurological dysfunction caused by cerebrovas-
cular diseases [1, 2]. Epidemiological findings reveal that
there are more than 50 million cases of dementia globally.
VaD may account for up to 17 million cases with annual
costs of up to 200 billion dollars [3]. The prevalence of
VaD rises exponentially with the increased ageing of the
population, imposing a financial burden on families and
the society [4, 5]. Therefore, it is urgent to find effective
treatments for VaD.

The major pathological feature of VaD is chronic cer-
ebral hypoperfusion, which develops because the blood
supply to brain tissue is below the physiological threshold
for a prolonged period [6, 7]. This condition promotes
free radical formation, causing mitochondrial dysfunc-
tion, inducing white matter abnormalities, and increasing
blood brain barrier permeability [8, 9]. Emerging evi-
dence suggests that oxidative stress also plays an impor-
tant role in the pathogenesis of VaD [10, 11]. Activated
microglia in VaD can generate excessive reactive oxygen
species (ROS), which can initiate oxidative stress and
lead to neuronal damage and apoptosis, thus resulting in
neuropathological changes and brain tissue injury and,
ultimately, cognitive decline and behavioural dysfunction
[12, 13].

Oxidative stress is an environment where the free
radicals override cellular antioxidants in the body [14].
There are two types of oxidant species, pro-oxidants and
antioxidants [15]. Pro-oxidant species, including ROS,
malondialdehyde (MDA), nitric oxide (NO), nitric oxide
synthase (NOS), and chlorine species, enhance the oxida-
tive stress response and promote cell death. Conversely,
superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), and catalase (CAT), which are considered
antioxidant species, inhibit oxidative stress and exert
neuroprotective effects [16]. Studies have shown that the
susceptibility to oxidative stress increases and the antiox-
idative defence decreases in patients with VaD [17]. Thus,
treatment protecting against oxidative stress may help
improve cognitive function and delay disease progression
in patients with VaD.

Acupuncture, as an integral part of traditional Chi-
nese medicine, has been used as an alternative and com-
plementary treatment for multiple neurodegenerative
diseases including VaD over the past decades [18, 19].

Multiple randomized controlled trials and systematic
reviews demonstrated that acupuncture could improve
cognitive function and activities of daily living in patients
with VaD [20-22]. Meanwhile, the underlying mecha-
nisms are being explored extensively. A recent system-
atic review summarized that the main mechanism of
acupuncture in the treatment of VaD includes reduced
oxidative stress, anti-neuroinflammation, and anti-apop-
tosis, as well as regulation of synaptic plasticity and neu-
rotransmitters [23]. Although numerous experiments
have focused on the antioxidative effects of acupuncture
on VaD, [24-26], a systematic review regarding the effect
of acupuncture on oxidative stress in VaD is still lacking.
Accordingly, this preclinical systematic review aimed to
summarize and evaluate the evidence for the effect of
acupuncture treatment on oxidative stress in VaD, thus
providing a reference for further research.

Methods

Protocol registration

This systematic review was reported following the lat-
est Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [27], The
PRISMA checklist is described in Additional file 1. The
protocol was preregistered in the International Pro-
spective Register of Systematic Reviews (PROSPERO,
CRD42023411720).

Search strategy

Studies that examined the effects of acupuncture on oxi-
dative stress in animal models of VaD were identified.
The following databases were searched, without language
restriction, from their inception until 11 April 2023: Pub-
Med, Embase, Web of Science, Cochrane library, CNKI,
Wan Fang, CBM, and VIP. The search string included
“acupuncture” or “electroacupuncture,” “rat (rats)” or
“mouse (mice),” and “vascular dementia” The specific
search strategy is described in Additional file 2. Also, ref-
erence lists in the selected articles were reviewed manu-

ally to obtain any additional relevant studies.

Eligibility criteria

Inclusion criteria

(1) Type of studies: original full text of animal experi-
ments with at least one separate control group; (2) Sub-
jects: animal models of VaD, without restriction on
species, age, sex, or modelling methods; (3) Interven-
tions: treatment group received manual acupuncture
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(MA) or electroacupuncture (EA); (4) Comparisons: con-
trol groups received non-intervention, sham acupunc-
ture, or nimodipine (a drug able to improve cognition in
VaD because of neuroprotective and vasoactive effects
[28]); (5) Outcome measures: data for the levels of oxi-
dative stress indicators, including oxidants (ROS, MDA,
NO, NOS) and anti-oxidants (SOD, GSH-Px, CAT), and
Morris Water Maze (MWM) test, consisting of escape
latency, platform crossing number, duration in the plat-
form quadrant, and swimming speed, were available in
the original article.

Exclusion criteria

(1) Reviews, clinical trials, case reports, editorials, or
conference abstracts; (2) Studies using in vitro or ex vivo
models; treatment group using other therapies or com-
bination with other interventions (such as drug, moxi-
bustion, etc.); (3) Studies comparing the clinical efficacy
between different acupoints, different acupuncture meth-
ods, or comparing acupuncture with other complemen-
tary and alternative therapies.

Data selection

Two independent reviewers (Y.W. Liu, J. Xiong) screened
the titles and abstracts to exclude irrelevant studies using
NoteExpress v2.7. Full text assessment was then con-
ducted to identify whether the literature corresponded
with the inclusion criteria. Any disagreements were
resolved by consulting a third researcher (Z.H.Yin).

Data extraction

Two reviewers (S.J.Xu, Y.Q.Li) independently extracted
the following data from the included studies: study iden-
tification features (publication year and the first author’s
name); animal model characteristics (including spe-
cies weight, age, modelling method of VaD, and sam-
pling sites); intervention characteristics (such as type of
acupuncture, acupoints, intervention time, and param-
eters); primary outcome measures (levels of each oxida-
tive stress indicator, including ROS, MDA, NO, NOS,
SOD, GSH-Px, and CAT), secondary outcome measures
(results of the MWM test). If numerical data were not
reported in the text, we extracted data from graphs using
the GetData Gragh Digitizer v2.26 software.

Risk of bias assessment

The risk-of-bias (ROB) of each included study was
assessed by two independent reviewers (X.Y.Zhang,
Z.H.Chen) using the Systematic Review Center for Labo-
ratory Animal Experimentation (SYRCLE) ROB tool [29].
The tool provides 10 items (random sequence generation,
baseline characteristics, allocation concealment, random
housing, blinding of participants and personnel, random
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outcome assessment, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other
sources of bias) involved in six aspects of bias (selection,
performance, detection, attrition, reporting, and other).
Each item corresponded to signal questions related to
‘low; ‘high, and ‘unclear’ ROB. If there was any disagree-
ment, it was resolved by a third reviewer (Z.H.Yin).

Statistics

Data analyses were performed using the RevMan 5.4 and
Stata 17.0 software. The types of all data in the present
study were continuous; For oxidative stress indicators
and swimming speed of the MWM test, standardized
mean differences (SMDs) with 95% confidence intervals
(CIs) were reported as effect-size indices owing to the
differences in measurement units among studies. For
other results of the MWM test, the measurement units
were consistent among studies; thus, mean differences
(MDs) with 95% CIs were presented. A P value <0.05 was
considered statistically significant. Chi-square and P sta-
tistics were used for heterogeneity assessment. When the
P value was>50%, which meant significant heterogene-
ity, a random-effects model was applied, and subgroup
analyses were carried out to explore the sources of het-
erogeneity based on different acupuncture stimulation
types, modelling methods, and treatment duration. Pub-
lication biases were assessed using funnel plots if 10 or
more studies were included in a meta-analysis. Moreo-
ver, sensitivity analyses were performed by excluding
studies with high ROB in at least one domain to explore
the source of heterogeneity and test the reliability of the
results of meta-analyses.

Results

Study selection

In total, 1975 relevant studies were retrieved from eight
databases, 1015 duplicate records were removed, and 960
articles remained. After screening the titles and abstracts,
832 articles were eliminated and 128 citations entered
the full-text reading stage, from which 106 articles were
excluded. Ultimately, 22 studies were included in the data
syntheses and meta-analysis. The flow diagram of the
study selection process is shown in Fig. 1.

Study characteristics

Twenty-two studies with a total of 747 rats were included;
266 rats were in treatment groups and 481 rats in control
groups. These studies were published from 2000 to 2022,
of which 15 were in Chinese and 7 in English. The spe-
cies of experimental animals in the included studies were
Sprague Dawley or Wistar rats. Fifteen studies [24-26,
30-41] included only male animals, two [42, 43] included
only female, and five [44—48] included equal numbers of
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Fig. 1 Flowchart of literature selection process and screening results

each sex. For modelling VaD, eight studies [24-26, 30,
32-35] used the bilateral common carotid artery ligation
(AL) method, two [31, 40] used bilateral internal carotid
AL method, one [43] used middle cerebral AL method,
one [42] used the bilateral common carotid intermittent
artery clamp (AC) method, six [36, 41, 45—48] used the
4-vessel occlusion (4-VO) method, and four [37-39, 44]
used the thromboembolus method (TM). Only two stud-
ies [33, 38] reported treatment by a licensed acupunctur-
ist. No one reported the adverse acupuncture reactions.

In terms of acupuncture stimulation methods, MA was
utilized in 12 studies [24-26, 30, 33, 34, 36-39, 44, 45]
and EA in 10 studies [31, 32, 35, 40—43, 46—48]. Among
them, nine studies [31, 32, 40-43, 46-48] reported the
parameters of EA, 4 studies [31, 32, 40, 47] used dis-
perse-dense wave, and 5 studies [41-43, 46, 48] used
continuous wave. Nine [31, 32, 40-43, 46—48] and two
studies [31, 48] described the frequency and intensity
of EA ranging from 1 to 150 Hz and 0.2 mA to 1.5 mA,
respectively. All studies described the acupoints, and a
total of 19 acupoints were used. Acupoints used most fre-
quently were GV20 (16 times), ST36 (13 times), BL23 (4
times), GV14 (4 times), and SP10 (4 times). GV20-ST36
was the acupoint combination used most often.

In the 22 included studies, seven oxidative stress indi-
cators were reported, including ROS, MDA, NO, NOS,
SOD, GSH-Px, and CAT. All studies used the MWM test
to measure behavioural changes. For the control group,

all studies used non-intervention, and 11 [24-26, 30, 33—
35, 37-39, 44] used sham acupuncture in which a non-
acupoint was stimulated. Four studies [41, 46—48] used
nimodipine. The main features of the included studies are
summarized in Table 1.

Risk of bias

Among the 22 included studies, four [31, 32, 35, 36]
reported the animals were randomized by using appro-
priate methods such as a random number table or com-
puter-generated random numbers, whereas four studies
[41, 46-48] reported an inappropriate approach for
sequence generation, such as by sex or weight of ani-
mals. The remaining 14 studies [24-26, 30, 33, 34, 37-40,
42-45] just mentioned “randomized” without provid-
ing detailed information. Only one study [36] clarified
that there was no statistical difference in baseline data.
Almost all the included studies failed to give the specific
allocation concealment. Fifteen studies [25, 26, 30-35,
37, 38, 41, 43, 46—48] described animal housing condi-
tions. The blinding of caregivers and investigators was
considered not applicable for acupuncture treatment.
No study mentioned randomized outcome evaluation or
blinded assessment of outcome. In terms of incomplete
outcome data, two studies [43, 48] selected a portion of
the experimental animals for analysis, and eight stud-
ies [25, 30, 31, 33, 37-40] did not specify the number of
animals included in the analysis. All studies reported the
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literature data completely. One study [36] may have other
sources of bias because dead animals were replaced with
new ones during modelling or feeding treatment. The
detailed results are displayed in Fig. 2A and B.

Meta-analysis

ROS

Eight studies [24-26, 30, 31, 33-35] reported ROS as
an outcome, with 210 rats in total. Meta-analysis results
indicated that, overall, acupuncture significantly lowered
ROS levels when compared to the control (SMD =-4.29,
95% CI: -6.26, -2.31) (Fig. 3).

Because of the considerable heterogeneity (I =92%), we
further conducted subgroup analyses based on different
acupuncture stimulation types and treatment duration.
The results suggested that both MA (SMD=-3.56, 95%
CL: -5.44, -1.68) and EA (SMD=-9.64, 95% CI: -12.37,
-6.92) and treatment durations<15 days (SMD=-4.05,
95% CI: -6.14, -1.96) and > 15 days (SMD =-6.35, 95% CI:
-9.68, -3.03) could significantly reduce ROS levels com-
pared to the control. No subgroup could reduce the het-
erogeneity (I?=91%; I’=93%) (see Additional file 3).

MDA

Ten studies [26, 31, 35-37, 41, 42, 44, 45, 48] reported
MDA levels in a total of 354 rats. The meta-analysis of
these studies showed that acupuncture could substan-
tially reduce the content of MDA compared with controls
(SMD=-2.27, 95% CIL: -3.07, -1.47, P<0.00001, I*=86%)
(Fig. 4).

Subgroup analyses were performed based on acupunc-
ture stimulation types, modelling methods and treat-
ment duration. The results showed that EA (SMD=-8.31,
95% CI: -15.50, -1.12) and MA (SMD=-1.72, 95% CL
-2.27, -1.16) were superior to the control group in reduc-
ing MDA content. The treatment durations of <15 days
(SMD=-3.55, 95% CIL -5.60, -1.50) and>15 days
(SMD=-1.70, 95% CI: -2.49, -0.92) showed significantly
lower MDA content relative to the control. Significant
differences were detected between acupuncture and the
control in each modelling method (AL [SMD=-4.55,
95% CI: -7.18, -1.91], AC [SMD =-18.06, 95% CI: -24.37,
-11.75], 4-VO [SMD=-1.62, 95% CI. -2.55, -0.69],
and TM [SMD=-1.22, 95% CL -1.61, -0.83]). the het-
erogeneity was slightly reduced in the MA subgroup
(P=69%), and there was no evidence of heterogeneity
in TM (?=0%), indicating that the modelling methods
explained part of the heterogeneity (Additional file 3).

NO

Six studies [40, 43, 44, 46—48] reported levels of NO,
with 240 rats in all. The overall analysis revealed a sig-
nificant decrease in the content of NO after acupuncture
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(SMD=-0.85, 95% CI: -1.50, -0.20, P=0.01, *=79%)
(Fig. 5).

After subgroup analyses, statistical differences were
found in decreasing NO content in studies using MA
stimulation (SMD=-0.97, 95% CI: -1.82, -0.13), 4-VO
modelling method (SMD=-0.86, 95% CIL: -1.34, -0.37),
TM method (SMD =-0.97, 95% CI: -1.82, -0.13), or treat-
ment duration<15 days (SMD=-1.34, 95% CIL: -2.31,
-0.38) when acupuncture was compared to the control,
whereas the experiments adopting EA stimulation, AL
modelling method, and treatment duration>15 days
showed no significant effects (P=0.17, P=0.79, P=0.17,
respectively). No heterogeneity (I>=0%) was observed in
the 4-VO modelling method (Additional file 3).

NOS

Four studies [43, 44, 47, 48] reported on NOS, with 197
rats in total. Pooled results showed that the activity of
NOS was significantly lower in the acupuncture group
relative to the control group (SMD =-1.01, 95% CI: -1.69,
-0.34, P=0.003, *=76%) (Fig. 6).

The results of the subgroup analysis showed that
EA (SMD=-1.17, 95% CL -1.91, -0.43), AL model-
ling method (SMD=-1.97, 95% CI: -2.90, -1.04), 4-VO
method (SMD =-0.81, 95% CI: -1.40, -0.22), or treatment
duration<15 days (SMD=-1.40, 95% CI: -2.46, -0.35)
resulted in lower NOS activity than control. However,
no difference was found in studies using MA (P=0.11),
TM methods (P=0.11), or treatment duration>15 days
(P=0.05). There was no heterogeneity in the subgroup
of the 4-VO method (?=0%), and lower heterogeneity
was observed in the EA (2=54%) and treatment dura-
tion <15 days (I>=66%) subgroups. which suggested that
these may be a source of heterogeneity (Additional file 3).

SOD

Thirteen studies [25, 26, 31, 33, 35-37, 40-42, 44, 45,
48] reported about changes in SOD, evaluating 414 rats
in total. The meta-analysis showed that acupuncture was
more effective in increasing SOD activity in the interven-
tion group than the control (SMD=2.80, 95% CI: 1.98,
3.61, P<0.00001, I*=87%) (Fig. 7).

According to the subgroup analyses based on acu-
puncture stimulation types, modelling methods, and
treatment duration, statistically significant differ-
ences were revealed in all subgroups, including EA
(SMD =6.00, 95% CI: 2.40, 9.60), MA (SMD =2.43, 95%
CIL 1.71, 3.15), AL method (SMD=4.27, 95% CI: 2.46,
6.08), AC method (SMD=24.8, 95% CI: 16.19, 33.44),
4-VO method (SMD=2.02, 95% CIL 0.81, 3.22), TM
method (SMD=1.53, 95% CI: 1.01, 2.06), treatment
duration<15 days (SMD=4.28, 95% CI: 2.54, 6.03),
and treatment duration>15 days (SMD=1.94, 95% CI:
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Experimental Control Std. Mean Difference Std. Mean Difference
r re Mean D Total Mean D Total Weigh! IV, Random, 95% CI IV, Random, 95% CI
Cheng 2022 39 037 10 7.05 0.29 20 11.4% -9.64 [-12.37, -6.92] -
Du 2018 175.86 20.69 10 317.24 58.56 20 13.9% -2.77 [-3.84, -1.70] -
Hu 2022 50.93 1.39 9 6422 222 9 11.5% -6.83 [-9.52, -4.14] -
Li 2016 15.87 4.53 8 51.15 4.9 16 12.0% -7.12[-9.48, -4.76] -
Li 2021 323.53 29.41 18 406.11 27.92 36 14.2% -2.86 [-3.66, -2.07] -
Wang 2015 111.26 12.37 10 177.89 20.69 20 13.8% -3.52[-4.74, -2.30] -
Yang 2018 181 0.14 6 1.31 017 6 12.9% 2.96 [1.13, 4.80] -
Zhu 2018 1.16  0.09 4 193 0.12 8 10.3% -6.35[-9.68, -3.03] -
Total (95% CI) 75 135 100.0% -4.29 [-6.26, -2.31] ’
Heterogeneity: Tau? = 7.00; Chi? = 87.31, df = 7 (P < 0.00001); I2 = 92% _2’0 i 1 o 0 1’0 2‘0

Test for overall effect: Z = 4.25

(P <0.0001)

Fig. 3 Forest plot of ROS for acupuncture vs. control

Favours [experimental] Favours [control]
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Cheng 2022
Hu 2022

Ji 2011

Lai 2000

Li 2017

Li 2021

Liu 2004a
Liu 2004b
Liu 2004c
Liu 2004d
Song 2018
Wang 2002
Zhang 2014

Total (95% Cl)

(2024) 13:59

Experimental

Control

an a a
10.12 0.56 10 15.97 0.78
7.79 0.72 9 10.48 0.78
3.47 0.62 10 5.8 091
21 0.62 10 3.03 0.99
42.7 3.99 10 51.2 3.05
4545 2.91 18 58.37 5.1
346 08 9 534 169
391 043 9 576 1.38
3.73 0.73 9 444 051
3.58 0.34 9 4.08 0.95
1.3 0.09 10 3.3 0.12
2.74 1.03 8 355 1.1
10.89 0.47 10 13.39 1.75
131

Heterogeneity: Tau? = 1.68; Chi2 = 86.79, df = 12 (P < 0.00001); I> = 86%
Test for overall effect: Z = 5.58 (P < 0.00001)

Fig. 4 Forest plot of MDA for acupuncture vs. control
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Page 10 of 18
Std. Mean Difference Std. Mean Difference
2 eigh Random, 95% Cl IV, Random, 95% Cl
20 5.4% -7.94 [-10.23, -5.66] -
6 6.7% -3.40 [-5.16, -1.65] -
10 7.7% -2.87 [-4.19, -1.54] -
20 8.9% -1.02 [-1.83, -0.21] ™
10 8.1% -2.29 [-3.47, -1.11] -
36 9.0% -2.83 [-3.62, -2.04] -
18 8.8% -1.24 [-2.12, -0.37] -
18 8.7% -1.54 [-2.46, -0.63] -
18 8.8% -1.17 [-2.04, -0.30] -
18 8.9% -0.60 [-1.42, 0.22] ™
10 1.4% -18.06 [-24.37, -11.75]
16 8.8% -0.73 [-1.60, 0.15] I
20 8.8% -1.66 [-2.54, -0.78] -
220 100.0% -2.27 [-3.07, -1.47] ¢
-20 -10 0 10 20

Favours [experimental] Favours [control]

Experimental Control Std. Mean Difference Std. Mean Difference
Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
0.175 0.057 10 0.24 0.1 20 11.7% -0.71[-1.50, 0.07] ]

19.12 6.58 9 36.03 6.58 18  10.2% -2.49 [-3.57,-1.42]

1.01 048 9 1.16  0.56 18 11.6% -0.27 [-1.08, 0.53] Bl

09 0.23 9 115 037 18 11.5% -0.73 [-1.56, 0.10] /]

099 041 9 12 027 18 11.5% -0.63 [-1.45, 0.19] ]

9.11 235 27 1654 476 8 10.7% -2.40 [-3.39, -1.41] -

3.66 0.66 8 514 1.97 16 11.2% -0.86 [-1.75, 0.03] ]

40.6 27.93 9 10 9.27 9 10.3% 1.40[0.34, 2.46] -

206.27 8.01 9 293.59 101.39 16 11.3% -1.03 [-1.90, -0.16] -
99 141 100.0% -0.85 [-1.50, -0.20] <&

Heterogeneity: Tau? = 0.78; Chi? = 38.28, df = 8 (P < 0.00001); I> = 79%
Test for overall effect: Z = 2.56 (P = 0.01)

Fig. 5 Forest plot of NO for acupuncture vs. control

Chen 2006
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Liu 2004b
Liu 2004c
Liu 2004d
Meng 2007
Wang 2002

Total (95% CI)

Experimental
Study or Subgroup Mean SD Total Mean SD

Control

Std. Mean Difference

-4 -2 0 2 4
Favours [experimental] Favours [control]

Std. Mean Difference

Total Weight 1V, Random, 95% ClI IV, Random, 95% CI
0.301 0.129 10 042 013 20 14.9%  -0.89[-1.69,-0.10] -
3045 2.66 9 3043 321 18 14.9% 0.01[-0.79, 0.81] -
035 0.11 9 034 01 18 14.9% 0.09 [-0.71, 0.89] T
0.63 0.12 9 081 01 18 139%  -1.63[-2.56,-0.71] —
06 017 9 086 007 18 131%  -2.25[-3.28,-1.22] —
749 198 27 11.38 241 8 13.9%  -1.97[-2.90,-1.04] -
171 033 8 228 092 16 14.3% -0.70 [-1.58, 0.17] ]
81 116 100.0%  -1.01[-1.69, -0.34] <>
Heterogeneity: Tau? = 0.63; Chi2 = 25.11, df = 6 (P = 0.0003); I = 76% 4 2 o 2 j‘

Test for overall effect: Z = 2.94 (P = 0.003)

Fig. 6 Forest plot of NOS for acupuncture vs. control

1.12, 2.75) subgroups. Reduced heterogeneity was only
detected in the subgroup of TM modelling methods
(I*=39%) (Additional file 3).

GSH-Px

GSH-Px was reported in three studies [31, 44, 48] includ-
ing 150 rats. Pooled data indicated that acupuncture did

Favours [experimental] Favours [control]

not show significant effect in elevating GSH-Px activity
when compared with the control (SMD=1.32, 95% CI:
-0.11, 2.76, P=0.07, > =91%) (Fig. 8).

Subgroup analysis results based on different acupunc-
ture types, modelling methods, and treatment duration
suggested that there were significant differences in com-
parisons of AL method (SMD=5.27, 95% CI: -3.11, 7.43),
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Experimental Control
r re Mean D Total Mean D Total Weigh
Cheng 2022 153 0.12 10 049 011 20 4.5%
Du 2018 1.25 0.09 10 0.88 0.05 20 6.0%
Hu 2022 16.35 0.35 9 1384 0.62 9 54%
Ji2011 188.79 33.31 10 110.57 21.98 10 6.7%
Lai 2000 7.34 0.36 10 636 08 20 7.4%
Li 2017 41.95 4.19 10 2265 527 10 6.1%
Li 2021 8.39 0.75 18 6.62 0.64 36 7.5%
Liu 2004a 438.55 10.21 9 377.2 4478 18  7.3%
Liu 2004b 123.27 949 9 109.35 12.01 18  7.3%
Liu 2004c 121.04 9.7 9 1053 8.94 18  7.2%
Liu 2004d 120.52 8.06 9 1134 742 18  7.4%
Song 2018 1746 276 10 1114 207 10 0.8%
Wang 2002 711 0.33 8 6.8 045 16  7.3%
Wang 2006 046 0.07 9 038 0.06 9 71%
Yang 2018 1.28 0.13 6 0.8 0.09 6 5.0%
Zhang 2014 299 1.78 10 2545 1.66 20 71%
Total (95% CI) 156 258 100.0%

Heterogeneity: Tau? = 2.15; Chiz = 115.85, df = 15 (P < 0.00001); I? = 87%
Test for overall effect: Z = 6.75 (P < 0.00001)

Fig. 7 Forest plot of SOD for acupuncture vs. control
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Std. Mean Difference

IV, Ran % Cl IV, Random.95%¢Cl
8.93 [6.39, 11.47] -
5.49 [3.82, 7.16] -
4.75[2.76, 6.73] -
2.65[1.39, 3.92] -
1.38 [0.54, 2.23] -
3.88 [2.28, 5.49] -
2,57 [1.82, 3.33] -
1,59 [0.67, 2.51] -
1.20[0.33, 2.07] -
1.66 [0.73, 2.59] -
0.90 [0.06, 1.75] ~
24.81[16.19, 33.44]
0.72 [-0.16, 1.60] "
1.17 [0.15, 2.19] ™
3.96 [1.72, 6.20] -
2,55 [1.52, 3.57] -
2.80 [1.98, 3.61] (]

20 0 0 10 20
Favours [experimental] Favours [control]

Std. Mean Difference
IV, Random, 95% CI

Experimental Control

r r Mean D Total Mean SD Total Weight
Hu 2022 335.64 6.92 9 275.09 13.84 9 13.2%
Liu 2004a 470.31 20.28 9 500.66 8.67 18 17.1%
Liu 2004b 7.63 1.3 9 544 117 18 17.3%
Liu 2004c 6.9 0.56 9 536 0.99 18 17.4%
Liu 2004d 6.65 2.52 9 433 0.86 18 17.5%
Wang 2002 1.09 0.1 8 097 0.14 16 17.5%
Total (95% CI) 53 97 100.0%

Heterogeneity: Tau? = 2.87; Chi? = 57.98, df =5 (P < 0.00001); I =91%
Test for overall effect: Z=1.80 (P = 0.07)

Fig. 8 Forest plot of GSH-Px for acupuncture vs. control

treatment duration <15 days (SMD=5.27, 95% CI: 3.11,
7.43) and control, no significant difference was detected
in other subgroups. Substantial heterogeneity remained
in the subgroup analyses (P=93%, ’=93%, ?’=91%)
(Additional file 3).

CAT
Two studies [31, 44] reported about CAT, with 126
rats totally. Meta-analysis results showed that the

Experimental Control

gay o ean L d ed L d eign
Hu 2022 12.39 0.83 9 74 042 9 11.1%
Liu 2004a 585 234 9 3.13 0.66 18 21.6%
Liu 2004b 1.69 0.55 9 14 06 18  22.4%
Liu 2004c 1.51 0.36 9 137 05 18  22.4%
Liu 2004d 1.33 0.34 9 142 0.34 18  22.5%
Total (95% ClI) 45 81 100.0%

Heterogeneity: Tau? = 1.69; Chi2 = 32.52, df = 4 (P < 0.00001); I = 88%
Test for overall effect: Z = 2.04 (P = 0.04)

Fig. 9 Forest plot of CAT for acupuncture vs. control
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acupuncture was better than the controls (SMD=1.31,
95% CI: 0.05, 2.58, P=0.04, I*=88%) in general (Fig. 9).

The subgroup analysis based on modelling methods
and treatment duration indicated no statistical differ-
ence in studies utilizing the TM method (SMD =0.56,
95% CI: -0.25, 1.37), and treatment duration >15 days
(SMD=0.56, 95% CI: -0.25, 1.37), and the heteroge-
neity did not decrease significantly (I>=73%, I?="73%)
(Additional file 3).

Std. Mean Difference

Random, 95% Cl 1V, Random, 95% CI
7.23 [4.40, 10.05] —
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Morris water maze test—escape latency
Nineteen studies [24-26, 30-37, 40, 42—48] including
535 rats evaluated escape latency as an outcome. The
meta-analysis indicated that rats that underwent acu-
puncture indeed performed better with shorter escape
latency, whereas the control group did not (MD =-15.91,
95% CI: -19.75, -12.06, P <0.00001, I*=97%) (Fig. 10).
Subgroup analyses were performed on the basis of dif-
ferent acupuncture stimulation types, modelling meth-
ods, and treatment duration, statistically significant
effects were found in all subgroups but TM method
(SMD=-7.58, 95% CI: -16.39, 1.22), with substantial
heterogeneity remained (Additional file 3).

Experimental Control

1_Mean |_Weigh
Chen 2006 6.23 3.24 10 14.59 8.6 20 5.6%
Cheng 2022 20.39 0.93 10 29.27 299 20  59%
Du 2018 19.05 3.17 10 35.98 4.76 20 58%
Hu 2022 354 5.02 6 538 334 9 55%
Ji2011 43.67 10.38 10 86.91 14.62 10 4.0%
Li 2016 21.21 3.03 8 4356 8.34 16  55%
Li 2017 14.04 3.28 10 21.09 2.61 10 58%
Li 2021 2585 6.97 18 44.72 8.4 36 5.6%
Liu 2004 1226  4.51 10 2458 7.06 19 56%
Meng 2007 21.28 4.33 39 2865 547 12 57%
Qiu 2022 3249 3.7 10 4747 412 10 57%
Song 2018 415 246 10 619 0.99 10 5.9%
Wang 2002 29.89 32.62 14 4417 3743 26 2.0%
Wang 2006 1423 6.22 13 27.25 5.69 13  55%
Wang 2015 2138 254 10 433 448 20 5.8%
Yan 2008 5.49 0.9 9 11.18 7.81 16  5.6%
Yang 2018 11.79 3.59 6 418 455 12 5.6%
Zhang 2014 1227 1.78 10 1559 1.41 20 59%
Zhu 2018 28.14 21.11 10 56.28 11.29 10 32%
Total (95% Cl) 223 309 100.0%

Heterogeneity: Tau? = 64.54; Chi? = 563.51, df = 18 (P < 0.00001); I> = 97%
Test for overall effect: Z = 8.11 (P < 0.00001)

Fig. 10 Forest plot of escape latency for acupuncture vs. control

Experimental Control

I _Mean 1_Weigh
Chen 2006 5.67 1.87 10 374 219 20 71%
Cheng 2022 3.53 0.36 10 2.07 0.62 20 11.1%
Hu 2022 527 03 9 4.04 0.62 9 10.9%
Ji 2011 12.38 3.67 10 5.49 1.56 10 4.3%
Li 2017 45 0.85 10 34 0.97 10 9.8%
Meng 2007 456 1.17 39 252 0.56 12 10.8%
Qiu 2022 4.5 147 10 2.2 1.09 10 85%
Wang 2002 593 2.13 14 373 2.14 26 7.5%
Wang 2006 6.46 2.72 13 3 147 13  6.5%
Yan 2008 567 1.5 9 4.06 2.04 16  7.5%
Zhang 2014 2.31 0.51 10 15 04 20 11.1%
Zhu 2018 26.93 3.42 10 17.59 1.22 20 5.0%
Total (95% Cl) 154 186 100.0%

Heterogeneity: Tau? = 0.95; Chi? = 97.20, df = 11 (P < 0.00001); I> = 89%
Test for overall effect: Z = 7.02 (P < 0.00001)
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Morris water maze test—platform crossing number

The number of platform crossing was measured in 340
rats in 12 studies [24, 31, 32, 35-37, 40, 43, 45—48]. The
meta-analysis displayed that the platform crossing num-
ber in the acupuncture group was significantly greater
than that in the control group (MD=2.32, 95% CI: 1.67,
2.96, P<0.00001, I*=89%) (Fig. 11).

As the results of the subgroup analysis showed, acu-
puncture manifested greater advantages in platform
crossing number than the control in each subgroup
according to acupuncture stimulation types, modelling
methods, and treatment duration, and the heterogeneity

Mean Difference
IV, Random, 95% CI

Mean Difference
1V, Ran 5% Cl
-8.36 [-12.63, -4.09]
-8.88 [-10.31, -7.45]
-16.93 [-19.80, -14.06]
-18.40 [-22.97, -13.83]
-43.24 [-54.35, -32.13]
-22.35[-26.94, -17.76]
-7.05[-9.65, -4.45]
-18.87 [-23.10, -14.64]
-12.32 [-16.55, -8.09]
-7.37 [-10.75, -3.99]
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reduced in the subgroups of EA (I?=55%) and treat-
ment duration < 15 days (I*=37%) (Additional file 3).

Morris water maze test—duration in the platform quadrant
Three studies [30, 31, 44] including 71 rats used the dura-
tion in the platform quadrant as an outcome. The meta-
analysis showed that the time in the platform quadrant
was significantly higher in the acupuncture group com-
pared with the control group (MD=5.77, 95% CI: 1.20,
10.35, P=0.01, ’=98%) (Fig. 12).

Subgroup analyses on the basis of different modelling
methods and treatment duration showed that acupunc-
ture was not superior to the control in studies using the
AL modelling method (MD=5.90, 95% CI: -1.36, 13.17)
or treatment duration<15 days (MD=5.90, 95% CI:
-1.36, 13.17). Substantial heterogeneities were noted
in the above subgroups (P=99%; I*=99%) (Additional
file 3).

Morris water maze test - swimming speed

Five studies [24, 25, 34, 38, 39] with 155 rats showed no
significantly differences in swimming speed between acu-
puncture and control (SMD =-0.26, 95% CI: -1.01, 0.49,
P=0.50, >=69%) (Fig. 13).

The subgroup analyses based on modelling methods
and treatment durations indicated that acupuncture
had no advantage in improving the swimming speed in
the subgroup of the AL modelling method (SMD =0.03,
95% CI: -0.66, 0.73). Neither the <15 days (MD =5.90,
95% CI: -1.36, 13.17) nor the>15 days (SMD=-0.33,
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significant effect. The AL modelling method had slightly
reduced the heterogeneity (*=52%), and there was no
evidence of heterogeneity in the subgroup of treatment
duration < 15 days (?=0%) (Additional file 3).

Publication bias

Publication bias tests were conducted on the MDA, SOD,
escape latency, and platform crossing number data. The
funnel plot appeared to be asymmetrically distributed on
both sides of the midline (Fig. 14. A-D), suggesting the
potential presence of publication bias.

Sensitivity analyses

Sensitivity analyses were performed based on the out-
comes of MDA, SOD, escape latency, and platform cross-
ing number by excluding studies with a high ROB. The
combined estimates on the remaining studies were basi-
cally consistent with the original total effects, indicating
that the results of the meta-analysis were stable. No obvi-
ous decrease in heterogeneity was found. A sensitivity
analysis was not conducted for the other outcomes, only
a few studies were included (< 10). The sensitivity analysis
results are shown in Additional file 4.

Discussion

Accumulated evidence [49, 50] suggests a strong corre-
lation between oxidative stress and VaD. Over the past
years, numerous clinical trials [51-53] have reported
the therapeutic effect of acupuncture on VaD, and basic
experiments [24, 25] have implied that its efficacy is

95% CI: -0.94, 0.27) treatment duration exert a linked to its antioxidant function. However, no study has
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systematically analysed the effect of acupuncture on oxi-
dative stress indicators as its underlying mechanism.

Role of oxidative stress

Oxidative stress reflects a pathological imbalance
between ROS formation and antioxidant activity [14].
Studies have shown that oxidative stress is closely related
to blood brain barrier disruption and typical white mat-
ter lesions in VaD [54]. ROS are strong contributors to
cerebrovascular injury and dementia [50]. When ROS
levels reach a critical value, they activate anomalous sig-
nalling mechanisms that can result in lipid peroxidation,
DNA damage, and protein modifications [55, 56] and
exacerbates cerebral ischemia and hypoxia, which are the
common features in VaD. MDA is a product of lipid per-
oxidation and therefore can be used as an indirect meas-
ure of cumulative lipid peroxidation [57]. A high level
of MDA can overwhelm the antioxidant defence system
in vivo and induce cell apoptosis or other pathological
reactions. Excessive ROS includes NO. The NO produced
by endothelial NOS plays a neuroprotective role in cer-
ebral ischemic injury, while NO released by excessive

activation of neuronal NOS and later, inducible NOS
contributes to brain damage [58]; most of the included
studies in this review measured the latter. A variety of
antioxidants, such as SOD, GSH-Px, and CAT, coun-
terbalance the possible deleterious effects and protect
from brain injury by eliminating excessive free radicals
[59]. SOD, recognized as the first line of defence against
oxygen free radicals, has dual roles in limiting ROS tox-
icity and regulating redox signalling [60]. GSH-Px is a
peroxidase that catalyses the production of oxidized
glutathione, which scavenges ROS and lipid peroxides
[61]. CAT is the marker enzyme of the peroxisome and
destroys cellular hydrogen peroxide to produce oxy-
gen and water [62]. Thus, weakening pro-oxidants and
enhancing antioxidant defences are important strategies
for decreasing oxidative damage.

Summary of the main findings

This systematic review summarizes the results of 22
studies (747 animals in total) that report the influence
of acupuncture on oxidative stress indicators and cogni-
tive function in animal models of VaD. The results of the
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present meta-analysis indicated that, overall, acupunc-
ture significantly inhibits the expression of pro-oxidants
(ROS, MDA, NO, and NOS), promotes the expression of
antioxidants (SOD and CAT), and improves behavioural
abilities (escape latency, duration in platform quadrant,
and platform crossing number) in animal models of VaD.
The findings suggest that acupuncture may improve cog-
nitive function by reducing oxidative stress in pre-clinical
models of VaD. For GSH-Px and swimming speed, there
were no differences between acupuncture and control,
but the reason may be that the number of included stud-
ies was small (<5). Owing to the substantial heterogenei-
ties, subgroup analyses were conducted to explore the
source of heterogeneities. Significant effects were found
in most subgroups classified by acupuncture stimula-
tion types, modelling methods, and treatment duration.
Additionally, heterogeneity was partially well-explained,
which indicates that the effects of acupuncture on VaD
animals and homogeneity between studies were influ-
enced by the above variables to some extent.

Underlying mechanisms of acupuncture

The mechanisms through which acupuncture inhibits
oxidative stress in VaD included: (1) Inhibition of nico-
tinamide adenine dinucleotide phosphate (NADPH) oxi-
dase (NOX): NOX is a major ROS-producing enzyme
[63], which is activated under cerebral hypoperfusion,
causing the oxidative stress and consequential neuronal
death and cognitive impairment involved in VaD [64].
Studies found that acupuncture protects cognition in
rats with cerebral ischemia by inhibiting NOX-mediated
oxidative stress [65]. (2) Regulation of mitochondrial
dysfunction: mitochondria have crucial functions in the
regulation of ROS production and respiratory chain.
In the brain, oxidative damage decreases the enzymatic
activity of the respiratory chain, resulting in mitochon-
drial dysfunction [66]. Studies suggested that acupunc-
ture could ameliorate brain neuronal damage in VaD rats
by reversing hippocampal mitochondrial dysfunction
and maintaining mitochondrial homeostasis [30, 37]. (3)
Modulation of proteins and enzymes: The thioredoxin
(Trx) system is composed of potent protein disulphide
reductases that play a critical role in controlling the cel-
lular redox environment and protect tissues and cells
against oxidative stress [67], while thioredoxin-interact-
ing protein (TXNIP) oxidizes Trx, mediating an immune
response to ROS overproduction, thereby enhancing oxi-
dative stress. Research has indicated that acupuncture
improved VaD through antioxidative mechanisms that
involved the upregulation of Trx-1/TrxR-1 and down-
regulation of TXNIP levels [24, 33]. (4) The nuclear fac-
tor erythroid 2-like 2 (Nrf2), a transcription factor, is a
critical regulator of the antioxidant response system that
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controls the expression of a wide range of antioxidant
genes [68]. Evidence has demonstrated that acupuncture
protects cerebral function in VaD models via Nrf2 activa-
tion [34].

Strengths and limitations

This study systematically evaluated the efficacy of acu-
puncture on VaD for the first time by analysing oxidative
stress indicators, and the findings can provide guidance
for the design, conduct, and analysis of future basic and
clinical research on VaD; This review was pre-regis-
tered in the PROSPERO and all stages were reported in
compliance with the PRISMA recommendations. The
SYRCLE tool was used to assess ROB of included stud-
ies; the study focused on multiple oxidative stress bio-
markers (4 pro-oxidants and 3 antioxidants) assayed in
current research and presents an overall profile of oxi-
dative stress. The results of behavioural tests have also
been analysed to confirm the relationship of cognitive
improvement with changes in oxidative stress.

This review has some inevitable limitations. First, the
databases searched were limited to English and Chinese
databases, some relevant literature in other languages
may have been omitted. Second, the methodological
quality of most studies was uncertain or flawed, mainly
due to unclear baseline comparability, sequence genera-
tion and random outcome selection, lack of allocation
concealment, and blinding outcome evaluation. which
has been identified as major challenges in preclinical
research [69]. Third, there was considerable heterogene-
ity among the included studies, although subgroup analy-
ses explained part of these discrepancies, this limits the
certainty and comparability of our findings.

Implications for research

Based on this study’s findings, there are still some knowl-
edge gaps between clinical and basic research that need
to be addressed in the future. First, only a few studies
have explored the impact of acupuncture on oxidative
stress in patients with VaD. More clinical trials should
be conducted to further validate the results of basic
research and translate them into clinical evidence. Sec-
ond, the adverse reactions of acupuncture, such as bleed-
ing, infection, and inflammation of the acupoint, should
be reported to evaluate the safety and tolerability of acu-
puncture in the treatment of VaD. Third, it is necessary
to establish a standard for oxidative stress analysis, e.g.,
a complete oxidative stress profile or an analysis of mul-
tiple biomarkers, to determine the threshold associated
with VaD. Fourth, the effects of acupuncture on NOS,
GSH-Px and CAT in animal models of VaD still need to
be further investigated to obtain more credible results.
In addition, methodological quality problems should be
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avoided in future RCTs to gain more accurate results
in this promising field. As for the high heterogeneity
between the studies, a standard acupuncture scheme and
uniform animal modelling methods should be established
to minimize the heterogeneity.

Conclusions

Acupuncture might ameliorate cognitive impairment in
VaD by regulating oxidative stress indicators. However,
firm conclusions cannot be drawn due to the poor meth-
odological quality. Therefore, future research following
rigorous standards are still needed to gain more validated
information on the effects of acupuncture on oxidative
stress in VaD.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513643-024-02463-x.

Additional file 1. PRISMA checklist.
Additional file 2. Search strategies of each database.
Additional file 3. The results of subgroup analyses for each outcome.

Additional file 4. Results of the sensitivity analyses.

Authors’ contributions

Q-NB, Z-HY designed the study; Y-WL, JX performed the literature searches
and selection; Y-QL, S-JX extracted the data; X-YZ, Z-HC assessed the ROB;
K-XW, W-QZ and JY edited the figures and table; JX completed the statistical
analyses; Q-NB, M-ZX drafted the manuscript; Z-HY, S-JX checked the content
and revised the manuscript, F-RL provided financial and technical support. All
authors read and approved the final version.

Author details

'Department of Traditional Chinese Medicine, The First People’s Hospital

of Yunnan Province, Kunming, Yunnan, China. “The Affiliated Hospital of Kun-
ming University of Science and Technology, Kunming, Yunnan, China. *School
of Acu-Mox and Tuina, Chengdu University of Traditional Chinese Medicine,
Chengdu, Sichuan, China. *Department of Rehabilitation, West China Hospital
of Sichuan University, Chengdu, Sichuan, China.

Received: 16 August 2023 Accepted: 15 January 2024
Published online: 08 February 2024

References

1. O'Brien JT, Thomas A. Vascular dementia. Lancet. 2015;386(10004):1698—
706. https://doi.org/10.1016/S0140-6736(15)00463-8.

2. Lauriola M, D'Onofrio G, Ciccone F, Germano C, Cascavilla L, Paris F, et al.
Relationship of Homocysteine Plasma Levels with Mild Cognitive Impair-
ment, Alzheimer’s Disease, Vascular Dementia, Psychobehavioral, and
Functional Complications. J Alzheimers Dis. 2021;82(1):235-48. https://
doi.org/10.3233/JAD-210166.

3. Smith EE. Clinical presentations and epidemiology of vascular dementia.
Clin Sci. 2017;131(11):1059-68. https://doi.org/10.1042/CS20160607.

4. Yang Z, Lin P, Levey A. Monetary costs of dementia in the United States. N
Engl J Med. 2013;369(5):489. https://doi.org/10.1056/NEJMc1305541.

5. Rizzi L, Rosset |, Roriz-Cruz M. Global epidemiology of dementia: Alzhei-
mer’s and vascular types. Biomed Res Int. 2014,2014:908915. https://doi.
org/10.1155/2014/908915.

20.

22.

23.

24.

Page 16 of 18

Kalaria RN. The pathology and pathophysiology of vascular dementia.
Neuropharmacology. 2018;134(Pt B):226-39. https://doi.org/10.1016/j.
neuropharm.2017.12.030.

Hu'Y, Zhang M, Liu B, Tang Y, Wang Z, Wang T, et al. Honokiol prevents
chronic cerebral hypoperfusion induced astrocyte A1 polarization to
alleviate neurotoxicity by targeting SIRT3-STAT3 axis. Free Radic Biol Med.
2023;202:62-75. https://doi.org/10.1016/jfreeradbiomed.2023.03.018.
Raz L, Knoefel J, Bhaskar K. The neuropathology and cerebrovascular
mechanisms of dementia. J Cerebr Blood F Met. 2016;36(1):172—

86. https://doi.org/10.1038/jcbfm.2015.164.

ladecola C. The pathobiology of vascular dementia. Neuron.
2013,;80(4):844-66. https://doi.org/10.1016/j.neuron.2013.10.008.

. Liao X, Zhang Z, Ming M, Zhong S, Chen J, Huang Y. Imperatorin

exerts antioxidant effects in vascular dementia via the Nrf2. Sci Rep.
2023;13(1):5595. https://doi.org/10.1038/541598-022-21298-x.

. Vijayan M, Reddy PH. Stroke, Vascular Dementia, and Alzheimer’s Disease:

Molecular Links. J Alzheimers Dis. 2016;54(2):427-43. https://doi.org/10.
3233/JAD-160527.

. Cervellati C, Romani A, Seripa D, Cremonini E, Bosi C, Magon S, et al.

Oxidative balance, homocysteine, and uric acid levels in older patients
with Late Onset Alzheimer’s Disease or Vascular Dementia. J Neurol Sci.
2014;337(1-2):156-61. https://doi.org/10.1016/j,jns.2013.11.041.

. Orellana-Urzua S, Rojas |, Libano L, Rodrigo R. Pathophysiology

of Ischemic Stroke: Role of Oxidative Stress. Curr Pharm Design.
2020;26(34):4246-60. https://doi.org/10.2174/13816128266662007081
33912

. Marrocco |, Altieri F, Peluso I. Measurement and Clinical Significance

of Biomarkers of Oxidative Stress in Humans. Oxid Med Cell Longev.
2017;2017:6501046. https://doi.org/10.1155/2017/6501046.

. Bennett S, Grant MM, Aldred S. Oxidative stress in vascular demen-

tia and Alzheimer’s disease: a common pathology. J Alzheimers Dis.
2009;17(2):245-57. https://doi.org/10.3233/JAD-2009-1041.

. Jurcau A. Insights into the Pathogenesis of Neurodegenerative Diseases:

Focus on Mitochondrial Dysfunction and Oxidative Stress. Int J Mol Sci.
2021;22(21):11847. https://doi.org/10.3390/ijms222111847.

. Ryglewicz D, Rodo M, Kunicki PK, Bednarska-Makaruk M, Graban A,

Lojkowska W, et al. Plasma antioxidant activity and vascular dementia. J
Neurol Sci. 2002,203-204:195-7. https://doi.org/10.1016/50022-510x(02)
00290-3.

. HuangT, Hsieh C. Effects of Acupuncture on Oxidative Stress Ameliora-

tion via Nrf2/ARE-Related Pathways in Alzheimer and Parkinson Diseases.
Evid Based Complement Alternat Med. 2021;2021:6624976. https://doi.
0rg/10.1155/2021/6624976.

. Leung MCP, Yip KK, Ho YS, Siu FKW, Li WC, Garner B. Mechanisms underly-

ing the effect of acupuncture on cognitive improvement: a systematic
review of animal studies. J Neuroimmune Pharm. 2014;9(4):492-507.
https://doi.org/10.1007/511481-014-9550-4.

ChenY,Wang H, Sun Z, Su X, Qin R, Li J, et al. Effectiveness of acupuncture
for patients with vascular dementia: A systematic review and meta-anal-
ysis. Complement Ther Med. 2022;70:102857. https://doi.org/10.1016/j.
Ctim.2022.102857.

. Wen J,CaoY, Chang S, Huang Q, Zhang Z, Wei W, et al. A network

meta-analysis on the improvement of cognition in patients with

vascular dementia by different acupuncture therapies. Front Neurosci.
2022;16:1053283. https://doi.org/10.3389/fnins.2022.1053283.

Han H, Li X, Jiang HN, Xu K, Wang Y. Effect of early acupuncture on cogni-
tive function in patients with vascular dementia after cerebral infarction.
Zhongguo Zhen Jiu. 2021,41(9):979-83. https://doi.org/10.13703/.0255-
2930.20210117-k0008.

Li G, ShiY, Zhang L, Yang C, Wan T, Lv H, et al. Efficacy of acupuncture in
animal models of vascular dementia: A systematic review and network
meta-analysis. Front Aging Neurosci. 2022;14:952181. https://doi.org/10.
3389/fnagi.2022.952181.

Zhu W, Wang XR, Du SQ, Yan CQ, Yang NN, Lin LL, et al. Anti-oxidative and
Anti-apoptotic Effects of Acupuncture: Role of Thioredoxin-1 in the Hip-
pocampus of Vascular Dementia Rats. Neuroscience. 2018;379:281-91.
https://doi.org/10.1016/j.neuroscience.2018.03.029.

. Yang JW,Wang XR, Zhang M, Xiao LY, Zhu W, Ji CS, et al. Acupuncture

as a multifunctional neuroprotective therapy ameliorates cognitive
impairment in a rat model of vascular dementia: A quantitative iTRAQ


https://doi.org/10.1186/s13643-024-02463-x
https://doi.org/10.1186/s13643-024-02463-x
https://doi.org/10.1016/S0140-6736(15)00463-8
https://doi.org/10.3233/JAD-210166
https://doi.org/10.3233/JAD-210166
https://doi.org/10.1042/CS20160607
https://doi.org/10.1056/NEJMc1305541
https://doi.org/10.1155/2014/908915
https://doi.org/10.1155/2014/908915
https://doi.org/10.1016/j.neuropharm.2017.12.030
https://doi.org/10.1016/j.neuropharm.2017.12.030
https://doi.org/10.1016/j.freeradbiomed.2023.03.018
https://doi.org/10.1038/jcbfm.2015.164
https://doi.org/10.1016/j.neuron.2013.10.008
https://doi.org/10.1038/s41598-022-21298-x
https://doi.org/10.3233/JAD-160527
https://doi.org/10.3233/JAD-160527
https://doi.org/10.1016/j.jns.2013.11.041
https://doi.org/10.2174/1381612826666200708133912
https://doi.org/10.2174/1381612826666200708133912
https://doi.org/10.1155/2017/6501046
https://doi.org/10.3233/JAD-2009-1041
https://doi.org/10.3390/ijms222111847
https://doi.org/10.1016/s0022-510x(02)00290-3
https://doi.org/10.1016/s0022-510x(02)00290-3
https://doi.org/10.1155/2021/6624976
https://doi.org/10.1155/2021/6624976
https://doi.org/10.1007/s11481-014-9550-4
https://doi.org/10.1016/j.ctim.2022.102857
https://doi.org/10.1016/j.ctim.2022.102857
https://doi.org/10.3389/fnins.2022.1053283
https://doi.org/10.13703/j.0255-2930.20210117-k0008
https://doi.org/10.13703/j.0255-2930.20210117-k0008
https://doi.org/10.3389/fnagi.2022.952181
https://doi.org/10.3389/fnagi.2022.952181
https://doi.org/10.1016/j.neuroscience.2018.03.029

Bao et al. Systematic Reviews

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

(2024) 13:59

proteomics study. CNS Neurosci Ther. 2018;24(12):1264-74. https://doi.
org/10.1111/cns.13063.

Li L, Li X, Du X. Acupuncture improves cognitive function of vascular
dementia rats by regulating PI3K/Akt/mTOR pathway. Acupuncture Res.
2021;46(10):851-6. https://doi.org/10.13702/j.1000-0607.200844.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71. https://doi.org/10.1136/bmj.n71.
Pantoni L, Del ST, Soglian AG, Amigoni S, Spadari G, Binelli D, et al. Efficacy
and safety of nimodipine in subcortical vascular dementia: a randomized
placebo-controlled trial. Stroke. 2005;36(3):619-24. https://doi.org/10.
1161/01.STR.0000155686.73908.3e.

Hooijmans CR, Rovers MM, de Vries RBM, Leenaars M, Ritskes-Hoitinga M,
Langendam MW. SYRCLE's risk of bias tool for animal studies. BMC Med
Res Methodol. 2014;14:43. https://doi.org/10.1186/1471-2288-14-43.
LiH, LiuY, Lin LT, Wang XR, Du SQ, Yan CQ, et al. Acupuncture reversed
hippocampal mitochondrial dysfunction in vascular dementia rats. Neu-
rochem Int. 2016;92:35-42. https://doi.org/10.1016/j.neuint.2015.12.001.
Hu K. Mechanism of transcutaneous electrical acupoint stimulation
improving cognition in VD rats through PGC-1a-mediated antioxidant
and mitochondrial biogenesis. Master’s thesis. Gannan Medical University.
2022.

Qiu R, Zhang H, Deng C, Chen D, Xu'Y, Xiong D, et al. Effects of electroacu-
puncture on ROS-NLRP3 inflammatory pathway and autophagy related
proteins in hippocampus of vascular dementia rats. Acupuncture Res.
2022;47(4):298-304. https://doi.org/10.13702/j.1000-0607.20210324.

Du SQ,Wang XR, ZhuW, Ye Y, Yang JW, Ma SM, et al. Acupuncture
inhibits TXNIP-associated oxidative stress and inflammation to attenuate
cognitive impairment in vascular dementia rats. CNS Neurosci Ther.
2018;24(1):39-46. https://doi.org/10.1111/cns.12773.

Wang XR, Shi GX, Yang JW, Yan CQ, Lin LT, Du SQ, et al. Acupuncture
ameliorates cognitive impairment and hippocampus neuronal loss in
experimental vascular dementia through Nrf2-mediated antioxidant
response. Free Radic Biol Med. 2015;89:1077-84. https://doi.org/10.
1016/jfreeradbiomed.2015.10.426.

Cheng YY, Cong GQ, Wang JB, Qiao Y, Min DY, Liu L. Effects of “Reverse
Acupuncture”on oxidative stress in Hippocampus of Vascular Dementia
Rats. Liaoning J Tradit Chin Med. 2022;49(1):199-202. https://doi.org/10.
13192/].issn.1000-1719.2022.01.055.

Li'Y. Effects of acupoint catgut embedding therapy on the rats of learn-
ing, memory, and the effect of SOD, MDA of hippocampus with vascular
dementia. Master’s thesis. Heilongjiang Univ Tradit Chin Med. 2017.
Zhang XZ, Wu BQ, Nie K, Jia YJ, Yu JC. Effects of acupuncture on declined
cerebral blood flow, impaired mitochondrial respiratory function

and oxidative stress in multi-infarct dementia rats. Neurochem Int.
2014;65(1):23-9. https://doi.org/10.1016/j.neuint.2013.12.004.

Liu CZ, Li ZG,Wang DJ, Shi GX, Liu LY, Li QQ, et al. Effect of acupuncture
on hippocampal Ref-1 expression in cerebral multi-infarction rats. Neurol
Sci. 2013;34(3):305-12. https://doi.org/10.1007/510072-012-0994-0.

Liu C Z. Research on Redox Control Mechanism of Ref-1 in Acupuncture
Antioxidative Effect. Postdoctor’s thesis. Beijing Univ Tradit Chin Med.
2010.

Wang Y W. Effects of Embedding catgut at Baihui acupoint on the ability
of Learning and Memory in Rats with Vascular Dementia. Master’s thesis.
Zhejiang Univ Tradit Chin Med. 2006.

Lai XS, Wang L, Jiang XH, Chen ZH, Zeng Q. Effects of electroacupuncture
on learning memory, SOD and MDA in experimental vascular dementia
rats. Zhongguo Zhen Jiu. 2000;20(8):497-500. https://doi.org/10.13703/j.
0255-2930.2000.08.038.

Song 'Y, Xu TS. Effect of electroacupuncture on SOD and MDA content in
cerebral tissue of perimenopausal rats with vascular dementia. Jiangsu J
Tradit Chin Med. 2018;50(8):72-4.

Meng P Y. Study on the effect of electroacupuncture on learning and
memory related signaling pathways in vascular dementia rats. Doctor’s
thesis. Hubei University of Traditional Chinese Medicine. 2007.

Liu C Z.The Study of "Yigitiaoxue, fubenpeiyuan" Acup Method Improv-
ing Cognitive Function and Oxide Injury in Rats of Multi-infarct Dementia
(MID). Doctor’s thesis. Tianjin Univ Tradit Chin Med. 2004.

Ji JF, Guan JJ, Wu SW. Effect of acupuncture on superoxide dismutase
and malondialdehyde in rat with vascular dementia rat. Hebei Zhong Yi.
2011;33(10):1554-6. https://doi.org/10.3969/j.issn.1002-2619.2011.10.057.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 17 of 18

Yan B. The Mechanism of Electroacupuncture on Back-Shu Points Improv-
ing Learning and Memory Ability of VD Rats. Master’s thesis. Guangzhou
Univ Tradit Chin Med. 2008.

Chen Z F. Study on the effect of electro-acupuncture on learning and
memory of rats with vascular dementia and its action mechanism. Doc-
tor's thesis. Guangzhou Univ Tradit Chin Med. 2006.

Wang L. Experimental Study on Electroacupuncture in Treating Vascular
Dementia (VD). Doctor’s thesis. Guangzhou Univ Trad Chin Med. 2002.
Ishikawa H, Shindo A, Mizutani A, Tomimoto H, Lo EH, Arai K. A brief over-
view of a mouse model of cerebral hypoperfusion by bilateral carotid
artery stenosis. J Cerebr Blood F Met. 2023;43(2_suppl):18-36. https://doi.
org/10.1177/0271678X231154597.

Carvalho C, Moreira PI. Oxidative Stress: A Major Player in Cerebrovascu-
lar Alterations Associated to Neurodegenerative Events. Front Physiol.
2018;9:806. https://doi.org/10.3389/fphys.2018.00806.

Shi G, LiQ Yang B, LiuY, Guan L, Wu M, et al. Acupuncture for Vas-

cular Dementia: A Pragmatic Randomized Clinical Trial. Sci World J.
2015;2015:161439. https://doi.org/10.1155/2015/161439.

Han H, Li X, Jiang H, Xu K, Wang Y. Effect of early acupuncture on cogni-
tive function in patients with vascular dementia after cerebral infarction.
Zhongguo Zhen Jiu. 2021,41(9):979-83. https://doi.org/10.13703/j.0255-
2930.20210117-k0008.

Shi G, Liu C, Guan W, Wang Z, Wang L, Xiao C, et al. Effects of acupuncture
on Chinese medicine syndromes of vascular dementia. Chin J Integr Med.
2014;20(9):661-6. https://doi.org/10.1007/511655-013-1323-4.

Soysal P, Isik AT, Carvalho AF, Fernandes BS, Solmi M, Schofield P, et al.
Oxidative stress and frailty: A systematic review and synthesis of the best
evidence. Maturitas. 2017,99:66-72. https://doi.org/10.1016/j.maturitas.
2017.01.006.

Liu X, Davis CM, Alkayed NJ. P450 Eicosanoids and Reactive Oxygen Spe-
cies Interplay in Brain Injury and Neuroprotection. Antioxid Redox Sign.
2018;28(10):987-1007. https://doi.org/10.1089/ars.2017.7056.

Su L, Zhang J, Gomez H, Murugan R, Hong X, Xu D, et al. Reactive Oxygen
Species-Induced Lipid Peroxidation in Apoptosis, Autophagy, and Ferrop-
tosis. Oxid Med Cell Longev. 2019;,2019:5080843. https://doi.org/10.1155/
2019/5080843.

Mao C, Yuan J, LvY, Gao X, Yin Z, Kraus VB, et al. Associations between
superoxide dismutase, malondialdehyde and all-cause mortality in older
adults: a community-based cohort study. BMC Geriatr. 2019;19(1):104.
https://doi.org/10.1186/512877-019-1109-z.

Moro MA, Cardenas A, Hurtado O, Leza JC, Lizasoain I. Role of nitric oxide
after brain ischaemia. Cell Calcium. 2004;36(3-4):265-75. https://doi.org/
10.1016/j.ceca.2004.02.011.

Wang Q, Yu Q Wu M. Antioxidant and neuroprotective actions of resvera-
trol in cerebrovascular. Front Pharmacol. 2022;13:948889. https://doi.org/
10.3389/fphar.2022.948889.

Wang Y, Branicky R, Noé& A, Hekimi S. Superoxide dismutases: Dual roles
in controlling ROS damage and regulating ROS signaling. J Cell Biol.
2018;217(6):1915-28. https://doi.org/10.1083/jcb.201708007.

Wang M, Zhang X, Jia W, Zhang C, Boczek T, Harding M, et al. Circulating
glutathione peroxidase and superoxide dismutase levels in patients with
epilepsy: A meta-analysis. Seizure. 2021,91:278-86. https://doi.org/10.
1016/].seizure.2021.07.001.

Nandi A, Yan L, Jana CK, Das N. Role of Catalase in Oxidative Stress-

and Age-Associated Degenerative Diseases. Oxid Med Cell Longev.
2019;2019:9613090. https://doi.org/10.1155/2019/9613090.

Choi D, Lee K, Kim J, Seo J, Kim HY, Shin CY, et al. NADPH oxidase 1, a
novel molecular source of ROS in hippocampal neuronal death in vascu-
lar dementia. Antioxid Redox Sign. 2014;21(4):533-50. https://doi.org/10.
1089/ars.2012.5129.

Choi D, Lee J. A Mini-Review of the NADPH oxidases in Vascular
Dementia: Correlation with NOXs and Risk Factors for VaD. Int J Mol Sci.
2017;18(11):2500. https://doi.org/10.3390/ijms18112500.

Shi G, Wang X, Yan C, He T, Yang J, Zeng X, et al. Acupuncture elicits
neuroprotective effect by inhibiting NAPDH oxidase-mediated reactive
oxygen species production in cerebral ischaemia. Sci Rep. 2015;5:17981.
https://doi.org/10.1038/srep17981.

Han B, Jiang W, Liu H, Wang J, Zheng K, Cui P, et al. Upregulation of
neuronal PGC-1a ameliorates cognitive impairment induced by chronic
cerebral hypoperfusion. Theranostics. 2020;10(6):2832-48. https://doi.
org/10.7150/thno.37119.


https://doi.org/10.1111/cns.13063
https://doi.org/10.1111/cns.13063
https://doi.org/10.13702/j.1000-0607.200844
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1161/01.STR.0000155686.73908.3e
https://doi.org/10.1161/01.STR.0000155686.73908.3e
https://doi.org/10.1186/1471-2288-14-43
https://doi.org/10.1016/j.neuint.2015.12.001
https://doi.org/10.13702/j.1000-0607.20210324
https://doi.org/10.1111/cns.12773
https://doi.org/10.1016/j.freeradbiomed.2015.10.426
https://doi.org/10.1016/j.freeradbiomed.2015.10.426
https://doi.org/10.13192/j.issn.1000-1719.2022.01.055
https://doi.org/10.13192/j.issn.1000-1719.2022.01.055
https://doi.org/10.1016/j.neuint.2013.12.004
https://doi.org/10.1007/s10072-012-0994-0
https://doi.org/10.13703/j.0255-2930.2000.08.038
https://doi.org/10.13703/j.0255-2930.2000.08.038
https://doi.org/10.3969/j.issn.1002-2619.2011.10.057
https://doi.org/10.1177/0271678X231154597
https://doi.org/10.1177/0271678X231154597
https://doi.org/10.3389/fphys.2018.00806
https://doi.org/10.1155/2015/161439
https://doi.org/10.13703/j.0255-2930.20210117-k0008
https://doi.org/10.13703/j.0255-2930.20210117-k0008
https://doi.org/10.1007/s11655-013-1323-4
https://doi.org/10.1016/j.maturitas.2017.01.006
https://doi.org/10.1016/j.maturitas.2017.01.006
https://doi.org/10.1089/ars.2017.7056
https://doi.org/10.1155/2019/5080843
https://doi.org/10.1155/2019/5080843
https://doi.org/10.1186/s12877-019-1109-z
https://doi.org/10.1016/j.ceca.2004.02.011
https://doi.org/10.1016/j.ceca.2004.02.011
https://doi.org/10.3389/fphar.2022.948889
https://doi.org/10.3389/fphar.2022.948889
https://doi.org/10.1083/jcb.201708007
https://doi.org/10.1016/j.seizure.2021.07.001
https://doi.org/10.1016/j.seizure.2021.07.001
https://doi.org/10.1155/2019/9613090
https://doi.org/10.1089/ars.2012.5129
https://doi.org/10.1089/ars.2012.5129
https://doi.org/10.3390/ijms18112500
https://doi.org/10.1038/srep17981
https://doi.org/10.7150/thno.37119
https://doi.org/10.7150/thno.37119

Bao et al. Systematic Reviews (2024) 13:59

67. LuJ, Holmgren A. The thioredoxin antioxidant system. Free Radic Biol
Med. 2014;66:75-87. https://doi.org/10.1016/jfreeradbiomed.2013.07.
036.

68. Vomund S, Schafer A, Parnham MJ, Briine B, von Knethen A. Nrf2,
the Master Regulator of Anti-Oxidative Responses. Int J Mol Sci.
2017;18(12):2772. https://doi.org/10.3390/ijms18122772.

69. Vollert J, Schenker E, Macleod M, Bespalov A, Wuerbel H, Michel M,
et al. Systematic review of guidelines for internal validity in the design,
conduct and analysis of preclinical biomedical experiments involving

laboratory animals. BMJ Open Sci. 2020;4(1):e100046. https://doi.org/10.

1136/bmjos-2019-100046.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 18 of 18


https://doi.org/10.1016/j.freeradbiomed.2013.07.036
https://doi.org/10.1016/j.freeradbiomed.2013.07.036
https://doi.org/10.3390/ijms18122772
https://doi.org/10.1136/bmjos-2019-100046
https://doi.org/10.1136/bmjos-2019-100046

	The effect of acupuncture on oxidative stress in animal models of vascular dementia: a systematic review and meta-analysis
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 
	Systematic review registration 

	Introduction
	Methods
	Protocol registration
	Search strategy
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	Data selection
	Data extraction
	Risk of bias assessment
	Statistics

	Results
	Study selection
	Study characteristics
	Risk of bias
	Meta-analysis
	ROS
	MDA
	NO
	NOS
	SOD

	GSH-Px
	CAT​

	Morris water maze test—escape latency
	Morris water maze test—platform crossing number
	Morris water maze test—duration in the platform quadrant
	Morris water maze test – swimming speed
	Publication bias
	Sensitivity analyses

	Discussion
	Role of oxidative stress
	Summary of the main findings
	Underlying mechanisms of acupuncture
	Strengths and limitations
	Implications for research

	Conclusions
	References


