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Background: Despite neuroinflammation being an important component of

the pathology of Alzheimer’s disease (AD), effective therapies to alleviate

neuroinflammation are still lacking. Many animal experiments in AD have found

that acupuncture may ameliorate cognition by decreasing neuroinflammation

and modulating cytokines, but its effects have not been systematically examined.

We aimed to assess its efficacy on neuroinflammation in AD and to investigate the

potential mechanisms.

Materials and methods: The following databases were searched from inception

until 24 August 2022: Web of Science, EMBASE, PubMed, the Cochrane Library,

and China National Knowledge Infrastructure. Animal studies that reported

the efficacy of acupuncture on neuroinflammation in AD were included. The

SYRCLE Robt was utilized to evaluate methodological quality. Stata 17 was

utilized to conduct a meta-analysis of cytokine levels and the results of the

Morris water maze.

Results: 23 studies were included, with a total of 417 rats/mice. The overall

quality of all included reports was medium. The results indicated that acupuncture

significantly reduced the expressions of pro-inflammatory cytokines which

included IL-1β [SMD = −3.50, 95% CI (−4.31, −2.69); I2 = 78.6%] (P < 0.05),

TNF-α [SMD = −3.05, 95% CI (−3.86, −2.24); I2 = 69.6%] (P < 0.05), IL-6

[SMD = −3.22, 95% CI (−4.62, −1.81); I2 = 77.6%] and enhanced the expressions

of anti-inflammatory cytokines including IL-4 [SMD = 2.77, 95% CI (1.95, 3.59);

I2 = 33.9%] (P < 0.05), IL-10 [SMD = 1.84, 95% CI (1.20, 2.49); I2 = 41.0%]

(P < 0.05) in an animal model of AD. Regarding the Morris water maze, compared

to the control group, the acupuncture group showed a shorter escape latency

[SMD = −2.23, 95% CI (−2.89, −1.57); I2 = 79.2%] (P < 0.05), longer duration in

platform quadrant [SMD = 2.34, 95% CI (1.44, 3.23); I2 = 81.7%] (P < 0.05), and

increased platform crossing number [SMD = 2.79, 95% CI (2.06, 3.53); I2 = 71.9%]

(P < 0.05).
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Conclusion: Acupuncture may reduce neuroinflammation in AD by modulating

cytokine expression. This modulation significantly improved cognitive function in

animal models of AD.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,

identifier CRD42022354878.
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1. Introduction

Alzheimer’s disease (AD) is a degenerative disease in the central
nervous system (CNS), which is the commonest kind of dementia
and happens frequently in individuals over sixty-five years of age.
The typical symptoms of AD are progressive memory loss and
cognitive impairment (Atri, 2019). Epidemiological investigations
have revealed that there were 47 million AD patients in the world
in 2019, and according to statistical data models, the prevalence
is expected to increase more than trifold (about 131 million)
in 2050 (Laird et al., 2009), placing a heavy economic burden
on society and families. And it is urgent to find practical and
effective treatment methods (Tiwari et al., 2019). Among the
pathological features of AD, β-amyloid (Aβ) sedimentation is seen
in extracellular plaques, and tau deposition is seen in intracellular
neurofibrillary tangles (Knopman et al., 2021). Increasing evidence
suggests that neuroinflammation caused by multiple reasons also
plays a significant part in the pathogenesis of AD (Hane et al., 2017).
Microglia and astrocytes engaged in immune execution in the
CNS are continuously hyperactivated in AD and release cytokines
and multiple inflammatory mediators (Heneka et al., 2015).
There are two types of inflammatory cytokines, pro- and anti-
inflammatory. Pro-inflammatory cytokines, such as TNF-α, IL-1β,
IL-6, etc., produce neurotoxicity and enhance the inflammatory
response. Conversely, IL-4 and IL-10 reduce inflammation and
promote the repair of damaged tissues, which are considered
anti-inflammatory cytokines (Rodríguez-Arellano et al., 2016).
Studies have shown that TNF-α, IL-1β, and IL-6 are increased
in the brains of AD sufferers (Bagyinszky et al., 2017) and
produce secondary stimuli that promote microglia activation
(Heppner et al., 2015). Chronic or uncontrolled activation of these
inflammatory processes is detrimental by inducing neuronal injury
or die-off (Halliday et al., 2000). Anti-neuroinflammatory strategies
for AD include microglia modulators, astrocyte modulators, insulin
resistance management, and microbiome therapy. However, there
are no FDA-approved anti-neuroinflammatory therapies for AD
(Yu et al., 2021b). Therefore, it is significant to find an anti-
neuroinflammatory complementary and alternative therapy to
delay disease progression and improve cognitive function in AD
patients.

Acupuncture, a traditional Chinese medical method, is used in
the complementary treatment of many diseases and is increasingly
recognized for its multi-target modulation and fewer side effects.
Studies suggested that drug therapy combined with acupuncture
may be more effective for AD sufferers (Wang et al., 2020b).

In addition, recent evidence suggests that acupuncture stimulates
multiple neuroimmune pathways, ultimately acting immune cells
via the release of crucial neurotransmitters and hormones to
exert anti-inflammatory effects (Li et al., 2021b). Existing studies
have recognized that acupuncture may play a potential anti-
neuroinflammatory role in AD (Xu et al., 2020; Li et al., 2021a;
Xie et al., 2021). However, a systematic understanding of how
acupuncture inhibits neuroinflammation in AD is still lacking.

Therefore, we performed a meta-analysis on inflammatory
cytokine and results of the Morris water maze in AD animal
models and systematically investigated the possible mechanisms
by which acupuncture modulates inflammatory cytokine
expression to determine the efficacy of acupuncture on
neuroinflammation in AD.

2. Materials and methods

We have registered this study with the PROSPERO
international prospective register of systematic reviews
(CRD42022354878). The latest Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines were
utilized to conduct this study1 (Page et al., 2021).

2.1. Search strategy

The databases we searched included PubMed, EMBASE,
the Cochrane Library, Web of Science, and China National
Knowledge Infrastructure (CNKI) from inception until 24 August
2022. We have used the following terms: “electroacupuncture,”
“acupuncture,” “senile dementia,” and “Alzheimer’s disease.” The
detailed search strategies are shown in SupplementaryAppendix 1.
Also, reference lists of the selected articles in the original search
results were reviewed to obtain more relevant studies. Studies in
English and Chinese that reported the effects of acupuncture on
neuroinflammation in animal models of AD were identified.

2.2. Eligibility criteria

Two researchers (Z-GW and Y-JH) jointly established inclusion
and exclusion criteria for this review. The inclusion criteria for

1 http://www.prisma-statement.org
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the review were as below: (1) a randomized controlled trial
of an animal model of AD; (2) AD animal models, without
strain, sex, and age restrictions, were successfully established in
different ways; (3) manual acupuncture or electroacupuncture
was the only intervention measure and no restrictions on
acupoints, needling methods, treatment time, duration, and
electroacupuncture parameters; (4) the levels of each inflammatory
cytokine were included as the outcome measure. The exclusion
criteria for the review were as follows: (1) studies that failed to
establish an appropriate animal model, ex vivo studies, in vitro
studies, and studies in humans or in sillico studies; (2) treatment
group using other therapies or combination therapies; (3) studies
where cytokine types did not meet our inclusion threshold nor
did they measure our selected cytokines; (4) after the manual
screening, other studies which didn’t meet our inclusion criteria
were also excluded.

2.3. Data extraction

Two researchers (Z-GW and Y-JH) independently extracted
the following data: (1) the year of publication and the first
author’s name, (2) the basic details of the experimental animals
(such as species, strain, sex, age, weight, and number), (3)
method of establishing AD, (4) intervention characteristics
(including the type of acupuncture, acupoints, treatment time,
duration, electroacupuncture parameters, and the processing of the
control group), and (5) outcomes (levels of each AD-associated
neuroinflammatory cytokine and inflammatory mediator were
extracted as primary outcome indicator, and behavioral tests of
cognitive performance were extracted as the secondary outcome).
If data were presented graphically only, GetData Graph Digitizer
2.26 was used to estimate the values from graphs.

2.4. Study risk of bias assessment

Two researchers (Z-GW and Y-JH) independently evaluated
the risk of bias using the Systematic Review Center for Laboratory
Animal Experimentation (SYRCLE) risk of bias tool (RoBT)
(Hooijmans et al., 2014). This RoB tool can evaluate deviations
in the below 10 domains: (1) sequence generation, (2) baseline
characteristics, (3) allocation concealment, (4) random housing,
(5) blinding of caregivers and investigators, (6) random outcome
evaluation, (7) blinding of outcome assessment, (8) incomplete
outcome data, (9) selective outcome reporting, and (10) other
sources of bias. Two researchers negotiated to settle the dispute over
the assessment, and if necessary, a third researcher (T-YW) could be
contacted for arbitration.

2.5. Statistics

Data analysis was carried out using Stata 17 software. We
regarded all outcomes to be continuous variables. When the
results of each study were reported in different measures or units,
standardized mean difference (SMD) is used as an effect-size
Indices. We set the confidence interval (CI) to 95%. P < 0.05

was regarded as statistically significant. We evaluated heterogeneity
by Q-test and I2-test. When I2

≤ 50%, a fixed effects model
was utilized. Otherwise, a random effects model is adopted.
We analyzed publication bias by Egger’s test and funnel plots.
Sensitivity analysis was implemented to test the stability and
reliability of the results. For evaluating the impact of publication
bias of the results, we applied the trim and fill method.

3. Results

3.1. Literature screening process

981 articles were retrieved from the database according to
the search strategy set by two independent investigators (Z-
GW and Y-JH). 297 repeated literature were eliminated. First,
through reading titles and abstracts screening, other types of
articles were eliminated: 97 reviews, 51 Meta-analysis, 55 case
reports, 2 editorials, 3 conference abstracts, 173 clinical trials,
117 languages other than Chinese and English, and 50 unrelated
topics. Then search reports were sought and 27 unsearched reports
were excluded. Next, 86 articles were excluded by reading the
full text for the following reasons: (1) No AD animal model was
established8; (2) Used other interventions than acupuncture or
electroacupuncture or acupuncture28; (3) No preoutcome index50,
and finally 23 articles (Fang et al., 2013; Jiang et al., 2016, 2018, 2021;
Ding et al., 2017; Wang et al., 2018b, 2019, 2020a,c, 2021; Tao et al.,
2019, 2021; He et al., 2020a,b, 2021; Li et al., 2020, 2021a; Xu et al.,
2020; Huang et al., 2021; Xie et al., 2021; Yang et al., 2021; Zhang
et al., 2021; Liao et al., 2022) were included in our study (Figure 1).

3.2. Literature characteristics

23 studies with a total of 417 mice were included, 209 mice
in the treatment group, and 208 mice in the control group. These
included 11 studies (Ding et al., 2017; Jiang et al., 2018, 2021; Li
et al., 2020, 2021a; Wang et al., 2020a, 2021; Xu et al., 2020; He
et al., 2021; Xie et al., 2021; Zhang et al., 2021) in English and 12
studies (Fang et al., 2013; Jiang et al., 2016; Wang et al., 2018b, 2019,
2020c; Tao et al., 2019, 2021; He et al., 2020a,b; Huang et al., 2021;
Yang et al., 2021; Liao et al., 2022) in Chinese. These studies were
published from 2013 to 2022 (Supplementary Table 1).

Acupoint selection and combination: All studies mentioned the
use of acupoints, 1 study (Zhang et al., 2021) used 4 acupoints, 8
studies (Fang et al., 2013; Jiang et al., 2018; Wang et al., 2018b,
2020a,c; Xu et al., 2020; Liao et al., 2022) used 3 acupoints, 14
studies (Jiang et al., 2016, 2021; Ding et al., 2017; Tao et al., 2019,
2021; Wang et al., 2019, 2021; He et al., 2020a,b, 2021; Li et al., 2020,
2021a; Huang et al., 2021; Yang et al., 2021) used 2 acupoints and
1 study (Xie et al., 2021) used 1 acupoint. We performed statistics
on the frequency of acupoint use. The higher frequency of acupoint
use was (GV20) 18 times, (BL23) 7 times, (ST36) 6 times, (GV29)
5 times, (DU20) 2 times, and (KI3) 2 times. A total of six studies
used GV20 + BL23, and GV20 + ST36, which are the most common
combinations of acupoint use, followed by four studies that used
GV20 + GV29. In terms of acupuncture stimulation maneuvers,
which were mainly divided into MA, and EA. MA was utilized in
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FIGURE 1

Literature screening process.

3 researches (Jiang et al., 2016; Ding et al., 2017; Zhang et al., 2021)
and EA in 20 researches (Fang et al., 2013; Jiang et al., 2018, 2021;
Wang et al., 2018b, 2019, 2020a,c, 2021; Tao et al., 2019, 2021; He
et al., 2020a,b, 2021; Li et al., 2020, 2021a; Xu et al., 2020; Huang
et al., 2021; Xie et al., 2021; Yang et al., 2021; Liao et al., 2022;
Supplementary Table 1).

Electroacupuncture wave pattern frequency and frequency
intensity: Of the 15 studies (Fang et al., 2013; Jiang et al., 2018,
2021; Wang et al., 2018b, 2019, 2020a; Tao et al., 2019, 2021;
He et al., 2020a,b, 2021; Li et al., 2020; Huang et al., 2021; Yang
et al., 2021; Liao et al., 2022) that mentioned electroacupuncture
wave pattern, 11 studies (Fang et al., 2013; Wang et al., 2018b,
2019; Tao et al., 2019, 2021; He et al., 2020a,b, 2021; Huang et al.,
2021; Yang et al., 2021; Liao et al., 2022) used Continuous wave,
3 study (Jiang et al., 2018, 2021; Wang et al., 2020a) used sparse
wave, and 1 study (Li et al., 2020) used disperse-dense wave. 20
studies (Fang et al., 2013; Jiang et al., 2018, 2021; Wang et al.,
2018b, 2019, 2020a,c, 2021; Tao et al., 2019, 2021; He et al., 2020a,b,
2021; Li et al., 2020, 2021a; Xu et al., 2020; Huang et al., 2021;
Xie et al., 2021; Yang et al., 2021; Liao et al., 2022) mentioned
the frequency of electroacupuncture, ranging from 1/20 Hz to
50 Hz, including 1/20 Hz for 1 study (Li et al., 2020), 2 Hz for

10 studies (Fang et al., 2013; Jiang et al., 2018, 2021; Wang et al.,
2018b, 2020a,c; Xu et al., 2020; Li et al., 2021a; Yang et al., 2021; Liao
et al., 2022), 5 Hz for 3 studies (Tao et al., 2019, 2021; Wang et al.,
2019), 15 Hz for 1 study, 20 Hz for 1 study (Xie et al., 2021), and
50 Hz for 4 studies (He et al., 2020a,b, 2021; Huang et al., 2021). 20
studies (Fang et al., 2013; Jiang et al., 2018, 2021; Wang et al., 2018b,
2019, 2020a,c, 2021; Tao et al., 2019, 2021; He et al., 2020a,b, 2021;
Li et al., 2020, 2021a; Xu et al., 2020; Huang et al., 2021; Xie et al.,
2021; Yang et al., 2021; Liao et al., 2022) mentioned the intensity
of electroacupuncture, 2 of which used 0.1 mA (Jiang et al., 2021;
Yang et al., 2021) 0.2 of which used 0.6 mA (Jiang et al., 2018; Wang
et al., 2020a), 10 of which used 1 mA (Fang et al., 2013; Wang et al.,
2018b; He et al., 2020a,b, 2021; Li et al., 2020, 2021a; Xu et al.,
2020; Huang et al., 2021; Liao et al., 2022) 1 of which used 1.5 mA
(Wang et al., 2021), 1 of which used 2 mA (Wang et al., 2020c), 1 of
which used 20 mA (Xie et al., 2021), and the intensity of 3 studies
(Tao et al., 2019, 2021; Wang et al., 2019) was based on Setting the
current strength as the standard for leg shaking (Supplementary
Table 1).

Animal species and modeling methods: All studies described
the species of experimental animals, including 10 studies (Fang
et al., 2013; Jiang et al., 2016; Wang et al., 2018b, 2020c, 2021;
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He et al., 2020a,b, 2021; Huang et al., 2021; Xie et al., 2021) in SD
rats, 6 studies (Ding et al., 2017; Jiang et al., 2018, 2021; Wang
et al., 2020a; Yang et al., 2021; Zhang et al., 2021) in SAMP8 mice,
3 studies (Wang et al., 2018b, 2019; Tao et al., 2019) in Wistar rats,
and 1 study (Li et al., 2020) in APP/PS1 mice. In different studies,
AD models were established using different methods, and a total of
13 studies (Fang et al., 2013; Jiang et al., 2016; Wang et al., 2018b,
2019, 2020c, 2021; Tao et al., 2019, 2021; He et al., 2020a,b, 2021;
Huang et al., 2021; Xie et al., 2021) mentioned modeling methods,
of which 4 studies (He et al., 2020a,b, 2021; Huang et al., 2021) used
intraperitoneal injection, 8 studies (Fang et al., 2013; Wang et al.,
2018b, 2019, 2020c, 2021; Tao et al., 2019, 2021; Xie et al., 2021)
used Hippocampal injection, and 1 study (Jiang et al., 2016) used
Lateral ventricular injection of STZ (Supplementary Table 1).

Outcome Measures: IL-1β, TNF-α, IL6, IL4, IL10, Water maze
test (escape latency, the duration in platform quadrant, platform
crossing number) 0.21 researches (Fang et al., 2013; Jiang et al.,
2016, 2018, 2021; Ding et al., 2017; Wang et al., 2018b, 2019, 2020c,
2021; He et al., 2020a,b, 2021; Li et al., 2020, 2021a; Xu et al., 2020;
Huang et al., 2021; Tao et al., 2021; Xie et al., 2021; Yang et al., 2021;
Zhang et al., 2021; Liao et al., 2022) mentioned IL-1β; 14 studies
(Wang et al., 2018b, 2019, 2020a,c, 2021; He et al., 2020b, 2021;
Huang et al., 2021; Jiang et al., 2021; Li et al., 2021a; Tao et al., 2021;
Xie et al., 2021; Yang et al., 2021; Liao et al., 2022) mentioned TNF-
α; 8 studies (He et al., 2020b, 2021; Li et al., 2020; Huang et al., 2021;
Jiang et al., 2021; Wang et al., 2021; Xie et al., 2021; Yang et al., 2021)
mentioned IL6; 3 studies (Wang et al., 2019; Tao et al., 2021; Xie
et al., 2021) mentioned IL4; 4 studies (Tao et al., 2019; Wang et al.,
2019; Xu et al., 2020; Xie et al., 2021) mentioned IL10. 16 studies
(Jiang et al., 2016, 2021; Ding et al., 2017; He et al., 2020a,b, 2021;
Li et al., 2020, 2021a; Wang et al., 2020a,c, 2021; Xu et al., 2020;
Huang et al., 2021; Yang et al., 2021; Zhang et al., 2021; Liao et al.,
2022) involved escape latency; 10 studies (Ding et al., 2017; He et al.,
2020a,b, 2021; Xu et al., 2020; Huang et al., 2021; Jiang et al., 2021;
Li et al., 2021a; Zhang et al., 2021; Liao et al., 2022) involved the
duration in platform quadrant; 13 studies (Jiang et al., 2016; Ding
et al., 2017; He et al., 2020a,b; Li et al., 2020, 2021a; Wang et al.,
2020a,c, 2021; Xu et al., 2020; Xie et al., 2021; Zhang et al., 2021; Liao
et al., 2022) mentioned platform crossing number (Supplementary
Table 1).

3.3. Risk of bias

All included reports were of medium quality overall. According
to the SYRCLE risk assessment tool, the evaluation results were as
follows: all studies were randomized, 3 (He et al., 2020a,b; Liao et al.,
2022) of which explicitly mentioned the animal randomization
method, all of which were random number methods, and the other
20 studies did not specifically describe the way of randomization.
None of the animals included in the studies had statistically
significant differences in baseline data, but none mentioned
allocation concealment. Random housing was not explicitly stated
in any of the studies, but 19 studies (Jiang et al., 2016, 2018, 2021;
Ding et al., 2017; Wang et al., 2018b, 2019, 2021; Tao et al., 2019,
2021; He et al., 2020a, 2021; Li et al., 2020, 2021a; Xu et al., 2020;
Huang et al., 2021; Xie et al., 2021; Yang et al., 2021; Zhang et al.,
2021; Liao et al., 2022) described animal housing conditions and 4
studies (Fang et al., 2013; He et al., 2020b; Wang et al., 2020a,c)

did not specifically describe animal housing conditions. Because
the intervention in these studies was acupuncture, the investigators
could not implement blinding. Of the 23 studies evaluated for
results, 12 studies (Jiang et al., 2016, 2021; Tao et al., 2019, 2021;
Wang et al., 2019, 2020a,c; Li et al., 2020; Xu et al., 2020; Yang
et al., 2021; Zhang et al., 2021; Liao et al., 2022) randomly selected
animals for evaluation of results and the remaining 11 studies did
not clearly describe whether animals were randomly selected for
evaluation of results. 4 studies (Li et al., 2020, 2021a; Wang et al.,
2021; Zhang et al., 2021) mentioned blinding clearly in the result
statistics, while the others did not mention the implementation
of blinding clearly. 1 study (Wang et al., 2019) reported selective
results and the literature data were complete. In terms of other
sources of bias, 4 studies (Fang et al., 2013; Wang et al., 2020a,c; He
et al., 2021)did not explicitly mention specific treatment measures
in the control group (Figure 2 and Supplementary Figure 1).

3.4. IL-1β meta-analysis

21 researches (Fang et al., 2013; Jiang et al., 2016, 2018, 2021;
Ding et al., 2017; Wang et al., 2018b, 2019, 2020c, 2021; He et al.,
2020a,b, 2021; Li et al., 2020, 2021a; Xu et al., 2020; Huang et al.,
2021; Tao et al., 2021; Xie et al., 2021; Yang et al., 2021; Zhang et al.,
2021; Liao et al., 2022) used IL-1β as an outcome measure, with 307
mice in total. Meta-analysis revealed that IL-1β was significantly
lower in the test group than in the control group [SMD = −3.50,
95% CI (−4.31, −2.69); I2 = 78.6%], and there was a statistically
significant difference (P < 0.05) (Figure 3A).

3.5. TNF-α meta-analysis

14 studies (Wang et al., 2018b, 2019, 2020a,c, 2021; He et al.,
2020b, 2021; Huang et al., 2021; Jiang et al., 2021; Li et al., 2021a;
Tao et al., 2021; Xie et al., 2021; Yang et al., 2021; Liao et al., 2022)
used TNF-α as an outcome measure, with 194 mice in total. Meta-
analysis revealed that in the test group TNF-α was significantly
lower than in the control group [SMD = −3.05, 95% CI (−3.86,
−2.24); I2 = 69.6%], and statistically significant difference was
found (P < 0.05) (Figure 3B).

3.6. IL-6 meta-analysis

8 studies (He et al., 2020b, 2021; Wang et al., 2020a, 2021;
Huang et al., 2021; Jiang et al., 2021; Xie et al., 2021; Yang et al.,
2021) using IL-6 as the outcome measure, with 100 mice in total.
Meta-analysis indicated that IL-6 was significantly lower in the
test group compared to the control group [SMD = −3.22, 95%
CI (−4.62, −1.81); I2 = 77.6%], and statistics showed a significant
difference (P < 0.05) (Figure 3C).

3.7. IL-4 meta-analysis

3 studies (Wang et al., 2019; Tao et al., 2021; Xie et al., 2021)
using IL-4 as the outcome measure, with 50 mice in total. Meta-
analysis indicated that IL-4 was significantly higher in the test
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FIGURE 2

Risk of bias assessment for included studies.

FIGURE 3

Forest plots. (A) Forest plot showing the effects of acupuncture on the levels of IL-1β in animal models of Alzheimer’s disease (AD); (B) forest plot
showing the effects of acupuncture on the levels of TNF-α in animal models of AD; (C) forest plot showing the effects of acupuncture on the levels
of IL-6 in animal models of AD.
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FIGURE 4

Forest plots. (A) Forest plot showing the effects of acupuncture on the levels of IL-4 in animal models of Alzheimer’s disease (AD); (B) forest plot
showing the effects of acupuncture on the levels of IL-10 in animal models of AD.

group compared to the control group [SMD = 2.77, 95% CI (1.95,
3.59); I2 = 33.9%], and statistics indicated a significant difference
(P < 0.05) (Figure 4A).

3.8. IL-10 meta-analysis

4 studies (Tao et al., 2019; Wang et al., 2019; Xu et al., 2020; Xie
et al., 2021) using IL-10 as the outcome measure, with 58 mice in
total. Meta-analysis displayed that IL-10 was significantly higher in
the test group compared to the control group [SMD = 1.84, 95% CI
(1.20, 2.49); I2 = 41.0%], and the statistically significant difference
was found (P < 0.05) (Figure 4B).

3.9. Meta-analysis of water maze test

3.9.1. Escape latency
16 studies (Jiang et al., 2016, 2021; Ding et al., 2017; He et al.,

2020a,b, 2021; Li et al., 2020, 2021a; Wang et al., 2020a,c, 2021;
Xu et al., 2020; Huang et al., 2021; Yang et al., 2021; Zhang et al.,
2021; Liao et al., 2022) used mean escape latency as the outcome
measure, with 299 mice in total. Meta-analysis displayed that the
escape latency of the test group, compared with the control group,
was significantly lower [SMD = −2.23, 95% CI (−2.89, −1.57);
I2 = 79.2%], and there was a statistically significant difference
between the groups (P < 0.05) (Figure 5A).

3.9.2. The duration in platform quadrant
10 studies (Ding et al., 2017; He et al., 2020a,b, 2021; Xu et al.,

2020; Huang et al., 2021; Jiang et al., 2021; Li et al., 2021a; Zhang
et al., 2021; Liao et al., 2022) used the duration in platform quadrant
as an outcome measure, with 198 mice in total. Meta-analysis
manifested that compared with the control group, the duration
in platform quadrant in the test group was significantly higher
[SMD = 2.34, 95% CI (1.44, 3.23); I2 = 81.7%], and there was a
statistically significant difference between the groups (P < 0.05)
(Figure 5B).

3.9.3. Platform crossing number
There were 13 studies (Jiang et al., 2016; Ding et al., 2017; He

et al., 2020a,b; Li et al., 2020, 2021a; Wang et al., 2020a,c, 2021; Xu
et al., 2020; Xie et al., 2021; Zhang et al., 2021; Liao et al., 2022) that
used platform crossing number as an outcome measure, with 233
mice in total. Meta-analysis manifested that the platform crossing
number in the test group, compared with the control group, was
significantly more [SMD = 2.79, 95% CI (2.06, 3.53); I2 = 71.9%],
and statistics indicated a significant difference between the groups
(P < 0.05) (Figure 5C).

3.10. Subgroup meta-analysis

3.10.1. IL-1β

A subgroup Meta-analysis was performed based on the
acupuncture types (EA and MA). The results of the subgroup Meta-
analysis revealed that compared to the control group, IL-1β in
the MA group was significantly lower [SMD = −6.35, 95% CI
(−9.35, −3.36); I2 = 80.2%]; IL-1β in the EA group compared to
the control group, was significantly lower [SMD = −3.02, 95% CI
(−3.76, −2.27); I2 = 72.5%], and statistics indicated a significant
difference between the groups (P < 0.05). The subgroup Meta-
analysis was performed for the course of treatment, and the results
displayed that compared to the control group, IL-1β at 1.5–3, 4–6,
and 8–16 w in the test group was significantly lower, and statistics
indicated a significant difference between the groups (P < 0.05).
This indicated that different acupuncture treatments were not
statistically significant on IL-1β among studies. At the same time,
different modeling methods, strain and age of AD animals were
analyzed by subgroup meta-analysis. The results of subgroup meta-
analysis showed that IL-1β in the test group was lower than that
in the control group (P < 0.05), indicating that different modeling
methods, strain and age had no statistically significant effect on
IL-1β (Supplementary Table 2).

3.10.2. TNF-α
Because the acupuncture methods used in studies involving

TNF-α are electroacupuncture, no subgroup of acupuncture
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FIGURE 5

Forest plots. (A) Forest plot showing the effects of acupuncture on the escape latency in the Morris water maze in animal models of Alzheimer’s
disease (AD); (B) forest plot showing the effects of acupuncture on the duration in platform quadrant in the Morris water maze in animal models of
AD; (C) forest plot showing the effects of acupuncture on the platform crossing number in the Morris water maze in animal models of AD.

methods can be made. A subgroup Meta-analysis was performed
for the course of treatment, and the subgroup Meta-analysis
indicated that TNF-α at 1.5–3, 4–6, and 8 w in the test group,
compared to the control group, was significantly lower, and
statistics indicated a significant difference between the groups
(P < 0.05). This indicated that different acupuncture treatments
were not statistically significant on TNF-α among studies.
Subgroup meta-analysis of different modeling methods, strains,
ages in AD animals showed that TNF-α in the test group was lower
than that in the control group (P < 0.05), indicating that different
modeling methods, strains, ages had no statistically significant
effect on TNF-α (Supplementary Table 2).

3.10.3. IL-6
Because the acupuncture methods used in studies involving

IL-6 were electroacupuncture, no subgroup of acupuncture
methods could be done. Subgroup meta-analysis of the course of
treatment revealed that compared to the control group, IL-6 at
2–3, 4–6, and 8 w in the test group was significantly lower, and
there was a statistically significant difference between the groups
(P < 0.05). This indicated that different acupuncture treatments
were not statistically significant on IL-6 among studies. Subgroup
meta-analysis of strain and age showed that IL-6 in the test group

was lower than that in the control group (P < 0.05), indicating
that strain and age had no statistically significant effect on IL-6.
Subgroup analysis of different modeling methods showed that IL-6
in the test group using hippocampal injection was not statistically
significant compared with the control group (P > 0.05), which may
be due to the fact that only two articles of AD animals were modeled
using hippocampal injection (Supplementary Table 2).

3.10.4. Escape latency
We performed a subgroup Meta-analysis for the acupuncture

methods. The subgroup Meta-analysis revealed that the escape
latency in the MA group, compared to the control group, was
significantly lower [SMD = −2.59, 95% CI (−4.10, −1.08);
I2 = 76.0%]; the escape latency in the EA group, compared to
the control group, was significantly lower [SMD = −2.16, 95%
CI (−2.90, −1.41); I2 = 80.1%], and the statistically significant
difference was found (P < 0.05). Subgroup Meta-analysis was also
performed for the course of treatment, and the results indicated
that the escape latency of 1.5–3, 4–6, and 8–16 w in the test
group, compared to the control group, was significantly lower,
and the statistically significant difference was found (P < 0.05).
This indicated that different acupuncture treatments were not
statistically significant on escape latency among studies. Subgroup
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meta-analysis was performed for different modeling methods,
strains, and ages in AD animals, and the results of subgroup analysis
showed that escape latency in the test group was lower than that
in the control group (P < 0.05), indicating that different modeling
methods, strains, and ages had no statistically significant effect on
escape latency (Supplementary Table 2).

3.10.5. The duration in platform quadrant
We performed a subgroup Meta-analysis for the acupuncture

methods. The results indicated that compared to the control
group, the target quadrant exploration time of the MA group was
significantly higher [SMD = 2.71, 95% CI (0.01, 5.41); I2 = 86.9%];
the duration in platform quadrant of EA group, compared to the
control group, was significantly higher [SMD = 2.27, 95% CI (1.25,
3.28); I2 = 82.8%], and the statistically significant difference was
found (P < 0.05). Subgroup Meta-analysis was performed for the
course of treatment, and the subgroup Meta-analysis indicated that
compared to the control group, the target quadrant exploration
time of 2–3, 4–6, and 8 w in the test group was significantly higher,
and the statistically significant difference was found (P < 0.05).
This indicated that different acupuncture treatments were not
statistically significant on the duration in platform quadrant among
studies. Subgroup meta-analysis was performed for different
modeling methods, strains, and ages in AD animals, and the
results of subgroup analysis showed that the duration in platform
quadrant in the test group was higher than that in the control group
(P < 0.05), indicating that different modeling methods, strains,
and ages had no statistically significant effect on the duration in
platform quadrant (Supplementary Table 2).

3.10.6. Platform crossing number
We performed a subgroup analysis of the acupuncture

methods. Subgroup Meta-analysis manifested that compared to the
control group, the platform crossing number in the MA group was
significantly more [SMD = 2.92, 95% CI (1.45, 4.38); I2 = 71.5%];
the platform crossing number in the EA group, compared to the
control group, was significantly more [SMD = 2.78, 95% CI (1.89,
3.67); I2 = 74.5%], and the statistically significant difference was
found (P < 0.05). The subgroup Meta-analysis was performed
for the course of treatment, and the subgroup Meta-analysis
manifested that platform crossing number at 1.5–3, 4–5, and 8 w
in the test group, compared to the control group, was significantly
more and statistics indicated a significant difference (P < 0.05).
This indicated that different acupuncture treatments were not
statistically significant on platform crossing number among studies.
Subgroup meta-analysis was performed for different modeling
methods, strains, and ages in AD animals, and the results of
subgroup analysis showed that the platform crossing number in the
test group was higher than that in the control group (P < 0.05),
indicating that different modeling methods, strains, and ages had
no statistically significant effect on platform crossing number
(Supplementary Table 2).

3.11. Publication bias

The effect size of IL-1β, TNF-α, escape latency, the duration
in platform quadrant, platform crossing number were used as

abscissae and standard error was used as ordinate for comparative–
corrected funnel plots, as shown in the Supplementary Figure 2.
Points of different colors in the inverted funnel plot indicate
direct comparisons of different interventions, and the number
of points of the same color indicates the number of pairwise
comparisons in the study. According to the results, some
scatter involving IL-1β, TNF-α, escape latency, the duration
in platform quadrant, platform crossing number were basically
outside the range of inverted funnel plot, and Egger’s test
showed that P < 0.05, which means that there may be
publication bias.

3.12. Sensitivity analysis

The sensitivity analysis was performed to test Meta’s stability
and identify sources of heterogeneity. Results from sensitivity
analysis indicated that all outcomes were stable (P < 0.05)
(Supplementary Figure 3). For evaluating the impact of
publication bias of the results (IL-1β, TNF-α, escape latency,
the duration in platform quadrant, platform crossing number),
we applied the trim and fill method. The results indicated the
robustness of these results was not significantly affected by
publication bias (Table 1).

4. Discussion

International research on traditional Chinese medicine for
the treatment of AD has focused on Chinese herbs [e.g.,
Morinda officinalis How (Zhang and Zhang, 2022), Astragali
radix (Dong et al., 2022)] or active ingredients of Chinese
herbs [e.g., polysaccharides (Zhang et al., 2022), ginsenoside
(Wu et al., 2022a), evodiamine (Pang et al., 2022), Huperzine
A (Yan et al., 2022)], herbal prescriptions [e.g., Yi-Gan San
(Yang et al., 2023), Yuan-Zhi Decoction (Wu et al., 2022b)],
special therapies [e.g., Wuqinxi exercise (Luo et al., 2022),
Tai Chi Quan (Wang et al., 2022)], and acupuncture (Cai
et al., 2019; Yu et al., 2021a; Zheng et al., 2021; Hao et al.,
2022) to improve memory and cognitive impairment in AD
models, involving various mechanisms such as regulation of β-
amyloid and tau proteins, anti-oxidation, anti-neuroinflammation,
modulation of autophagy and many other mechanisms. Among
these, acupuncture is considered to be a highly promising
alternative therapy for AD. With a growing number of studies
suggest a strong relationship between neuroinflammation and AD
(Sardi et al., 2011; Calsolaro and Edison, 2016; Spangenberg and
Green, 2017; Fakhoury, 2018). In recent years some cutting-edge
researchers have endeavored to investigate whether acupuncture
can ameliorate the neuroinflammation of AD. Many researchers
have found in animal studies that acupuncture, an alternative
therapy, can reduce neuroinflammation in AD (Xu et al., 2020;
Li et al., 2021a; Xie et al., 2021). However, to my knowledge, no
study has systematically investigated the effects of acupuncture
on inflammatory cytokine expression in the course of AD.
This preclinical systematic review and meta-analysis included 23
researches (417 experimental animals in total) to ascertain whether
acupuncture can improve cognitive function in animal models
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TABLE 1 Results from Egger’s test and trim and fill analysis.

Outcomes Egger’s test Before trim and fill After trim and fill

P-value P-value Est (F/R) No. studies P-value Est (F/R) No. studies

Escape latency 0.000 0.000 −1.738/−2.233 16 0.000 −1.596/−1.810 18

The duration in platform quadrant 0.000 0.000 1.847/2.337 10 0.000 1.847/2.337 10

Platform crossing number 0.000 0.000 2.472/2.794 13 0.000 2.347/2.527 15

IL-1β 0.000 0.000 −2.662/−3.499 21 0.000 −2.005/−2.102 30

TNF-α 0.004 0.000 −2.604/−3.050 14 0.000 −2.283/−2.476 18

Est, total effect sizes; F/R, fixed effect model/random-effects model; No., number.

of AD by analyzing behavioral indicators and to further assess
the effectiveness and potential mechanism of acupuncture on
inflammatory cytokine expression in AD.

In AD pathology, Aβ bind to pattern recognition receptors
(such as CD36, TLR4, and TLR6) on microglia and astrocyte
and trigger an innate immune response (Heneka et al., 2015),
which drive microglia to a pro-inflammatory phenotype and
to release pro-inflammatory cytokines (Colonna and Butovsky,
2017). The pro-inflammatory phenotype of microglia induces
inflammation and neurotoxicity, and persistent inflammatory
stimulation exacerbates disease progression and severity. However,
microglia activation in the central nervous system is heterogeneous,
which also has an anti-inflammatory phenotype that secretes
anti-inflammatory cytokines that induce anti-inflammation and
neuroprotection (Guo et al., 2022). Studies have shown that
cytokines such as peripheral and central TGF-β, IL-1β, IL-6 and
TNF-α, are elevated in the cerebrospinal fluid and peripheral
blood of AD patients, but IL-4 and IL-10 are reduced or do
not change significantly (Swardfager et al., 2010). Interestingly,
Microglial activation is both characterized and modulated by
cytokines. Studies using preclinical animal models have shown
that abnormal protein accumulation, glial cell initiation, and
cytokine responses are interrelated and progressively amplified
processes in AD (Perry and Holmes, 2014). Cytokines are
associated with nearly every aspect of neuroinflammation. Our
study indicated that acupuncture reduced the expression of pro-
inflammatory cytokines (IL-1β, TNF-α, and IL-6) in AD animal
models. On the contrary, acupuncture promoted the expression
of anti-inflammatory cytokines (IL-4 and IL-10) in AD animal
models. In addition, in the Morris water maze, acupuncture
treatment indicated beneficial effects on cognitive function in
the AD animal model, as evidenced by a shorter escape latency,
longer duration in platform quadrant, and increased platform
crossing number. This suggested that acupuncture may reduce
neuroinflammation in the AD animal models via modulating
cytokine secretion, which in turn improves cognitive function
in AD animal models. Meanwhile, this finding supported the
work of other studies in this area linking neuroinflammation to
AD.

Cytokines are predominantly produced by macrophages/
microglia and lymphocytes and mediate cellular function,
cell signaling, and neuroimmune activity (Arango Duque and
Descoteaux, 2014). As mentioned above, cytokines play a pivotal
part in the neuroinflammation of AD. IL-1β increases sAPPα

secretion via MEK 1/2, JNK-activated α-secretase cleavage

(Ma et al., 2005) and metalloprotease (ADAM)-17/TNF-α
converting enzyme (TACE) pathway (Tachida et al., 2008)
and elevates mRNAs encoding α-synuclein, βAPP, tau, and
MAPK-p38 (Griffin et al., 2006). In addition, IL-1β induces
microglia proliferation and upregulates astrocyte expression
through paracrine effects, while upregulating IL-6, TNF-α, CSF-
1, and TGF-β1 (Buxbaum et al., 1992). TNF-α induces APP
mRNA expression via NFκB activation (Sommer et al., 2009)
and upregulates sAPPβ by increasing β- and γ-secretase (Liao
et al., 2004; Wang et al., 2018a). A model study found that
pretreatment with a TNF-α inhibitor prevented synaptic deficiency
induced by increased secretion of TNF-α in the hippocampus
(Cavanagh et al., 2016). AD cortical senile plaques display strong
IL-6 immunoreactivity (Bauer et al., 1991), which is functionally
related to alpha-2-macroglobulin (Strauss et al., 1992). IL-6
also stimulates the synthesis of the APP (Altstiel and Sperber,
1991) and facilitates tau phosphorylation (Wang et al., 2018a).
Conversely, IL-4 can attenuate Aβ-induced LTP deficiency, and
the secretion of proinflammatory IL-1β in rat hippocampus (Lyons
et al., 2007). IL-4 may induce selective o-Abeta (1–42) clearance
to reduce AD pathology (Shimizu et al., 2008). IL-4 induction
may also contribute to neuroprotection via the IRS-1/-2 signaling
pathway in the hippocampus (Kiyota et al., 2010). IL-10 can reduce
excessive inflammatory responses, but its role is controversial
in AD. AAV2/1 infection of hippocampal neurons resulted in
sustained expression of IL-10 without its leakage into the blood,
reduced astro/microgliosis, enhanced plasma Aβ peptide levels,
and enhanced neurogenesis (Kiyota et al., 2012). But Paramita et al.
found that IL-10 may increase ApoE expression and promote its
co-deposition with Aβ via altering immune protein homeostasis in
AD mice (Chakrabarty et al., 2015). The results of our systematic
review suggested that the main mechanisms by which acupuncture
reduces neuroinflammation in AD include:(1) Aβ is an important
driver of neuroinflammation, which drive microglia to activating
and to release inflammatory cytokines. Acupuncture inhibits the
cumulation of Aβ, accelerates the clearance of senile plaques
and toxic substances by improving microcirculation in brain and
enhances brain glucose metabolism to reduce the inflammatory
response (Jiang et al., 2016; Xu et al., 2020). (2) Hyperactivation of
microglia and astrocytes is a major source of neuroinflammation
in AD. Activated immune cells release cytokines and chemokines
that exacerbate the inflammatory response of AD. Acupuncture
upregulates the expression of cholinergic nerve-associated protein
such as ChAT, α7nAChR to attenuate glial cell overexpression,
regulates microglial polarization, downregulates the M1 phenotype
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FIGURE 6

The main mechanisms of acupuncture to regulate neuroinflammation in animal models of Alzheimer’s disease (AD). EA, electroacupuncture; MA,
manual acupuncture; LPS, lipopolysaccharide; Tau, microtubule-associated protein tau; Aβ, beta-amyloid; α7nAChR, alpha-7 nicotinic acetylcholine
receptor; TLR4, toll-Like receptor 4; TREM2, triggering receptor expressed on myeloid cells-2; DAP12, DNAX-activating protein 12; SR-A1, scavenger
receptor A1; α6β1, integrin α6β1; P38 MAPK, P38 mitogen activated protein kinases; JAK2, janus kinase 2; MyD88, myeloid differentiation factor 88;
IFN, interferon; JAK1, janus kinase 1; SYK, spleen tyrosine kinase; IRAK1, interleukin-1 receptor-associated kinase1; IRAK4, interleukin-1
receptor-associated kinase 4; RIP1, receptor-interacting protein 1; TRAF6, tumor necrosis factor receptor-associated factor 6; TAK1, transforming
growth factor β activated kinase 1; Iκβ, inhibitor κB kinase β; NF-κB, nuclear factor κ-B; PI3K, phosphatidylinositol 3-kinase; Akt, protein kinase B;
GSK-3β, glycogen synthase kinase-3β; mTOR, mammalian target of rapamycin; TFEB, transcription factor EB; LAMP, lysosome-associated
membrane protein 1; ATG-14, autophagy protein 14; Beclin 1, autophagic protein Beclin 1; NLRP3 inflammasome, nod-like receptor protein 3
inflammasome; TGF-β1, transforming growth factor-β1; C1r, complement 1r; C1s, complement 1s; C3, complement 3; C5, complement 5; TNF-α,
tumor necrosis factor-a; IL-1β, interleukin 1β; IL-4, interleukin 4; IL-6, interleukin 6; IL-10, interleukin 10.

microglia and upregulates the M2 phenotype microglia (Li et al.,
2020; Wang et al., 2020a; Huang et al., 2021; Xie et al., 2021). (3)
Inflammasomes are important mediators of Aβ-induced caspase-1
activation and secretion of pro-inflammatory and neurotoxic
cytokines. Acupuncture can decrease the expression of NLRP3
and NLRP1 inflammasome-related proteins and regulate the
NLRP3/Caspase-1 pathway negatively (Ding et al., 2017; Jiang et al.,
2018; He et al., 2020a; Li et al., 2021a; Zhang et al., 2021); (4) TLR4,
distributed in microglia and astrocytes, is an important pattern
recognition receptor involved in the neuroinflammatory response
in AD. TLR4/NF-κB signaling pathway-induced inflammatory

cascade response fosters immune cell activation, cytokine release
and neuronal damage. Acupuncture down-regulates TLR4/NF-κB
signaling pathway to reduce neuroinflammation (He et al., 2021;
Tao et al., 2021). (5) Increased intestinal permeability and blood-
brain barrier disruption induced by dysbiosis of the intestinal
microbiota may be important factors in intracerebral inflammation
in patients with AD (Shabbir et al., 2021). Acupuncture regulates
the community structure of gut microbiota and upregulate
the expression of Claudin-5, ZO-1 to inhibit the peripheral
inflammatory response and the neuroinflammatory response in
hippocampus (Jiang et al., 2021; Liao et al., 2022; Figure 6). These
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findings, although preliminary, suggest that acupuncture does have
a positive effect on neuroinflammation in AD. How to find the
targets that has the dominant role from multiple targets in the
modulatory effects of acupuncture is an important question for
future research.

We found that the combined outcomes of the included studies
showed high heterogeneity. The design of animal studies is usually
more exploratory and heterogeneous than that of clinical trials. We
performed subgroup analyses according to animal species, types
of acupuncture, acupuncture schedules and used the exclusion
method, but no significant sources of heterogeneity were found.
Subsequently, we performed meta-analyses and sensitivity analyses
using random effects models.

We have noted that many aspects of the current study design
are flawed. Firstly, the internal validity of animal studies refers to
the scientific robustness of study design, implementation, analysis,
and reporting (Pound and Ritskes-Hoitinga, 2018). We found that
included studies have the problem of internal validity. For example,
acupuncturists were unable to administer blinding, which may have
led to an overestimation of the beneficial effects of acupuncture.
In addition, the description of the included studies regarding
the random assignment and blinded assessment of outcomes is
unclear, which leads us to worry that there are serious internal
validity issues. Secondly, no existing animal model can perfectly
simulate all pathological features of AD in human beings, and
there are no standard operating procedures for the identification
of AD animal models at present (Zhang et al., 2020). But there
are certain differences in behavioral and pathological characteristics
between the various models. All studies included five different
strains of rodent models. This could be a potential source of
heterogeneity. Advanced age is the biggest risk factor for AD
(van der Lee et al., 2018). In addition, women are more likely to
develop AD than men (Knopman et al., 2021). However, some of
the studies used low-month-old animal models, and few studies
focused on the sex of the animal models. These failures of animal
models to accurately represent human disease and clinical context
are sometimes described as failures of construct validity, which
is often considered a subset of external validity (van der Worp
et al., 2010). Thirdly, because treatment in Traditional Chinese
Medicine is based on the differentiation of syndromes (Zhong et al.,
2014), it is difficult to standardize the parameters of acupuncture,
such as acupoints and electroacupuncture parameters, among
different patients in clinical treatment, and it is also difficult to
standardize the parameter settings applied in animal experiments,
which may increase the irreproducibility of treatment effects
based on animal experiments and undermined external validity
of the study. The translation of findings from animals to humans
can only occur reliably if preclinical animal studies are both
internally and externally valid (Pound and Ritskes-Hoitinga,
2018). Therefore, more emphasis should be placed on internal
and external validity in future animal experiments on AD. In
addition, we recommend defining a standard operating procedure
for modeling evaluation and emphasizing the influence of risk
factors such as age and gender in future studies. Lastly, we
think that further research should be undertaken to examine the
effectiveness of different acupoints and acupuncture parameters
on AD.

Our study has the following limitations: (1) There may be
potential language bias in our study because acupuncture-related

research exists in other language countries (e.g., Korea, Japan)
but our search results included only English and Chinese
literature. (2) Despite we do my best efforts to search all eligible
literature, the number of studies included in the analysis was
low (especially the limited number of studies investigating the
regulation of anti-inflammatory cytokines by acupuncture). (3)
The methodological descriptions of some studies were unclear,
resulting in limited reliability of the risk of bias evaluation.
(4) The high heterogeneity among the included literature and
the inability to fully interpret it may reduce the certainty of
effect estimates. (5) There was some degree of publication
bias because negative results are unlikely to be published. (6)
Our study only addressed a fraction of the cytokines that
play a role in AD, due to the limited current exploration
of related areas.

5. Conclusion

Taken together, this systematic review suggests that
acupuncture may improve cognitive impairment in AD by
modulating cytokine expression. The main potential mechanisms
include that acupuncture modulates Aβ, glial cell, NLRP3, and
NLRP1 inflammasome-related proteins expression, down-regulates
TLR4/NF-κB signaling pathway, and regulates gut microbiota.
Further studies are required to explore in depth acupuncture’s
therapeutic effects on neuroinflammation in AD. We hope that our
study provides some useful references for other researchers.
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