
Frontiers in Neuroscience 01 frontiersin.org

Acupuncture and moxibustion 
therapy for cognitive impairment: 
the microbiome–gut–brain axis 
and its role
Jiatian Shi 1†, Xinyue Zhang 1†, Jianhua Chen 2, Ruishi Shen 1, 
Huashun Cui 1* and Huangan Wu 3*
1 Department of Acupuncture and Moxibustion, Shuguang Hospital Affiliated to Shanghai University of 
Traditional Chinese Medicine, Shanghai, China, 2 Department of Mental Health, Shanghai Mental 
Health Center, Shanghai, China, 3 Department of Acupuncture and Moxibustion, Yueyang Hospital 
Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai, China

Cognitive impairment poses a significant burden on individuals, families, and 
society worldwide. Despite the lack of effective treatment strategies, emerging 
evidence suggests that the microbiome–gut–brain (MGB) axis may play 
a critical role in the pathogenesis of cognitive impairment. While targeted 
treatment is not yet comprehensive, recently, acupuncture and moxibustion 
therapy has participated increasingly in the treatment of degenerative diseases 
and has achieved a certain therapeutic effect. In this review, the possible 
mechanisms by which acupuncture and moxibustion therapy may improve 
cognitive impairment through the MGB axis are reviewed, including regulating 
gut microbial homeostasis, improving intestinal inflammation mediated by the 
neuroendocrine–immune system, and enhancing intestinal barrier function. 
We also discuss common acupoints and corresponding mechanism analysis to 
provide insights into further exploration of mechanisms that target the MGB axis 
and thereby intervene in cognitive impairment.
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1 Introduction

The global aging process has led to an increase in the elderly population worldwide, and 
aging-related cognitive impairment (CI) has become a significant global health challenge due 
to its rising mortality and socioeconomic burdens. In rural China, the positive rate of cognitive 
impairment among elderly individuals aged 65 years and older is estimated to be 42.9% (Wang 
J. et al., 2020; Wang L. et al., 2020). In 2015, the estimated global economic burden of dementia 
was USD$ 818 billion, projected to double by 2030s (Pratchett, 2015). Despite innovative 
knowledge about the pathogenesis of cognitive impairment (especially Alzheimer’s disease, 
one of the most common causes of acquired CI), effective drugs are still lacking. Acupuncture 
and moxibustion therapy, guided by traditional Chinese medicine theory, is characterized by 
multi-target, multi-pathway, and multi-dimensional effects, making them simple to operate 
and easy to accept. In recent years, acupuncture and moxibustion therapy has been gradually 
accepted and widely used in basic and clinical studies as an alternative treatment in 
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combination with drugs to treat CI. However, the mechanisms behind 
this have not been conclusively determined, and further research is 
warranted to refine relevant theories.

The term ‘gut–brain axis (GBA)’ first appeared in the 1980s 
(Khodabakhsh et al., 2021), and the theory of the microbiome–
gut–brain (MGB) axis has been increasingly mentioned during 
the past decade. Bidirectional communications within the MGB 
axis integrate peripheral gastrointestinal function with cognition 
via neuroimmune–endocrine mediators (Kesika et  al., 2021), 
making a difference in clinical practice through the association 
between dysbiosis and central nervous disorders (e.g., cognitive 
impairment) and functional gastrointestinal disorders. Therefore, 
new therapeutic strategies should be  developed to prevent or 
alleviate cognitive impairment, and treatments targeting the 
MGB axis may be an innovative one. However, further research 
is needed on the correlation between the axis and cognitive 
impairment. Although several studies have investigated the 
improvement and prevention of cognitive function by 
acupuncture and moxibustion therapy associated with the MGB 
axis, a comprehensive review of these studies has not been 
conducted. Therefore, this review aims to highlight the impact of 
the MGB axis on cognitive function and explore the potential use 
of acupuncture and moxibustion therapy targeting this axis as 
cognitive improvers.

2 How does the MGB axis affect 
cognitive dysfunction?

The MGB axis is a bidirectional interactive neuroendocrine–
immune network comprising the central nervous system (CNS), 
the neuroimmune and neuroendocrine system, the autonomic 
nervous system (ANS), and the gut microbiota, as shown in 
Supplementary Figure 1. The role of GBA is to monitor and 
integrate gut functions as well as to link emotional and cognitive 
centers of the brain with peripheral intestinal functions 
(Carabotti et  al., 2015), which contributes to the proper 
maintenance of gastrointestinal homeostasis. Among them, 
microorganism residents in our gut are involved in a variety of 
regulatory and pathogenic processes in immune activation, 
intestinal permeability, enteric reflex, and entero-endocrine 
signaling. Studies have shown that dysregulation or disruption of 
the MGB axis may be  one of the pathological mechanisms of 
cognitive impairment. For example, intestinal flora dysbiosis may 
lead to disruption of hormonal regulation and glucose 
homeostasis, which, in turn, leads to weight gain and insulin 
resistance. Excessive immune response would then be induced by 
intestinal microecological disturbances and damaged intestinal 
mucosal barrier, leaving the organism in a state of chronic low 
inflammation. Following the induction, central systems at all 
levels would independently or cooperatively relay information to 
CNS and cause apoptosis and degeneration of brain cells in the 
cerebral cortex or hippocampus, ultimately resulting in cognitive 
impairment. By analyzing relevant reviews and studies, we believe 
that the network of the MGB axis leads to the onset of cognitive 
impairment through several aspects, including gut microflora 
dysbiosis, immune system-mediated intestinal inflammation, 
metabolic disorders, and intestinal barrier destruction.

2.1 Alterations in microbiota species and 
diversity

Multiple experimental and clinical studies revealed that alterations 
in microbiota species and abundance are directly associated with the 
development of cognitive impairment (Sampson et al., 2016), 
including Alzheimer’s disease (AD) (Fox et al., 2019). Poole et al. 2013  
pointed out that AD patients exhibit a greater abundance of 
pathogenic microbes, overall bacterial load, and LPS in the brain, 
while lower levels of Proteobacteria and greater levels of 
Actinobacteria. In addition, one recent systematic review indicated 
that gut microbes including Bacteroides vulgatus and Campylobacter 
jejuni have an influence on cognitive function in patients with AD by 
altering glutamate metabolism (Chang et al., 2020) and activating the 
vagal pathway. Administration of E. coli and subsequent alterations in 
the gut microbial composition in mice resulted in memory 
impairments (Cussotto et al., 2018). Significant relationships between 
microbiota diversity and enhanced cognitive flexibility as well as 
executive function have already been observed (Tooley, 2020). The 
decrease in microbial diversity could affect normal immunity (Lach 
et al., 2018), leading to increased peripheral inflammation and barrier 
permeability, all of which may perturb brain homeostasis and 
ultimately contribute to the pathogenesis of cognitive disorders. 
Studies show that the lack or loss of biodiversity in the human 
gastrointestinal tract has been associated with aging, metabolic 
inflammatory diseases (MIDs), and disorders of the brain, including 
neurodegenerative disorders (Fox et al., 2019).

2.2 Inflammatory responses mediated by 
the neuroendocrine and immune systems

The ‘neuroendocrine–immune network’ theory was first proposed 
by Prof. Besedovsky (Cui et al., 2021) in 1977, suggesting that there 
may be  complex interactions among the neural, endocrine, and 
immune systems to maintain stability and improve body function 
through feedback regulation. Increasing evidence suggests that 
alterations in the immune system are associated with cognitive 
dysfunction (Bioque et al., 2021). Chronic inflammation, together 
with impaired immune regulatory function, often precedes cognitive 
decline by decades in many neurological disorders (Fox et al., 2019). 
Severance et  al. proposed that the increased inflammation and 
gastrointestinal dysfunction observed in schizophrenic patients might 
be attributed to overactivated inflammatory responses along the GBA 
that lead to CNS disorders and psychological changes (Severance 
et  al., 2013). For example, pro-inflammatory cytokines and the 
immune mediators produced by dysbiosis of the intestinal 
microorganisms may reach the CNS by activating the HPA system 
(Cussotto et al., 2018), which is considered the core stress efferent axis 
that is predominantly involved in memory and emotional responses 
(Arneth, 2018). In addition, intestinal flora could also regulate the 
release of neurotransmitters (Cussotto et al., 2018) to communicate 
with the CNS through the vagus nerve. For example, the probiotic 
L. reuteri was shown to enhance wound healing in mice by increasing 
central levels of oxytocin through a vagal pathway (Poutahidis et al., 
2013). Moreover, gut microbiota produces different neurotransmitters 
such as dopamine, noradrenaline, and ɣ-aminobutyric acid (GABA), 
which influence hypothalamic function and the major neuroendocrine 
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axes in the host through mediating the neuroendocrine function 
(Rooks and Garrett, 2016), thus altering behavior and brain neuro-
chemistry. The results of another study revealed that the acidophilus 
probiotic was able to alleviate learning and memory-associated 
injuries in Alzheimer’s rats by reducing mitochondrial dysfunction 
induced by neurotrophic D-gal and AlCl3, which could be associated 
with its antioxidant properties. Additionally, the researcher indicated 
that the gut microbiota contributes to alteration in brain function 
through increasing brain-derived neurotrophic factor (BDNF)-
mediated hippocampal experience-dependent learning (Arneth, 
2018). For example, germ-free (GF) mice exhibit hyper-activation of 
the HPA axis and reduced the BDNF expression levels in the cortex 
and hippocampus (Cussotto et al., 2018), affecting synaptic plasticity 
in the hippocampus and brain function. However, a change in 
microbiota composition with the probiotics leads to an increase in 
BDNF expression, which regulates different aspects of brain activities 
and cognitive functions (Carabotti et al., 2015).

2.3 Endocrine and metabolic disorders

Several signaling molecules such as cerebrointestinal peptides 
released from enteroendocrine cells (EECs), modulated by the gut 
microbiota, have significant endocrine and metabolic functions and 
are able to communicate with the brain (Carabotti et al., 2015). For 
example, cholecystokinin (CCK), a peptide hormone in the gut and 
also a neuropeptide in the brain, could influence learning and memory 
function through CCK-A receptors (mnemonic effects) and CCK-B 
receptors (amnestic effects) (Bioque et al., 2021). Liraglutide, a GLP-1 
receptor agonist, has been proven to promote neurogenesis as well as 
to prevent apoptosis and oxidation in the parietal cortex, 
hypothalamus, and medulla, with preliminary clinical evidence in 
improving cognition and preventing cognitive decline (Camkurt 
et al., 2018).

Obesity and type-2 diabetes mellitus (T2DM) are each 
independent risk factors for cognitive impairment and dysregulation 
of energy metabolism such as blood glucose and lipids predispose to 
CI through central metabolism and inflammation. Adiponectin is a 
protein released from adipose regulating energy expenditure, the 
perturbations of which may contribute to the development of CI 
through inflammatory pathways and metabolic changes, including 
insulin sensitivity dysregulation, mitochondrial dysfunction, and 
downregulation of BDNF (Wennberg et al., 2016). Moreover, as one 
of the main products of bacterial metabolism, SCFAs could directly 
affect brain function and behavior mainly by affecting the maturation 
and function of microglia (Erny et al., 2015). For example, butyrate-
producing bacteria could affect host metabolism by modifying glucose 
production, the lower abundance of which is associated with higher 
T2DM risk (Fox et al., 2019).

3 Can acupuncture and moxibustion 
therapy improves cognitive 
impairment?

Acupuncture and moxibustion therapy is a therapeutic method 
with simple operation, is easy to accept under the guidance of 
traditional Chinese medicine theory, and is characterized by 

multi-target, multi-pathway, and multi-dimensional effects. In recent 
years, acupuncture and moxibustion as an alternative treatment in 
combination with drugs to treat cognitive impairment has been 
gradually accepted and widely used in a number of basic and clinical 
studies (Huang et al., 2020; Wu et al., 2023). Acupuncture signals are 
recognized as a potent form of sensory stimulation that ascends 
mainly through the spinal ventrolateral funiculus to the brain so as to 
improve cognitive abilities through the regulation of neuroplasticity 
(Zhao, 2008; Ji et al., 2021). Zhao, (2008) and Ji et al., (2021) have also 
pointed out that acupuncture can effectively prevent memory 
impairment by affecting hippocampal synaptic plasticity (Su et al., 
2020). There is a meta-analysis of randomized controlled trials 
indicating that acupuncture-related treatments lasting for at least 
6 weeks effectively improved the cognitive function of AD patients 
(Lin et al., 2022). In addition, moxibustion demonstrated statistical 
differences in enhancing MCI patients’ general cognitive function (Yin 
et al., 2022). Several systematic reviews (Zhang et al., 2019, 2021) 
revealed that acupuncture could improve motor and language 
function and daily living activities. Recently, the mechanisms of the 
MGB axis have attracted increased interest, which may support some 
data to clarify how acupuncture and moxibustion therapy improve 
cognitive impairment. We would then comprehensively analyze the 
possible mechanisms behind it, mainly through regulation of intestinal 
flora, inhibition of inflammatory state, and improvement of 
metabolism and intestinal barrier.

3.1 Acupuncture and moxibustion therapy 
restores the stabilization of intestinal 
microecology by regulating intestinal flora 
diversity

Lots of evidence (Song et al., 2019) has confirmed that the 
decrease in gut microbial diversity and changes in community 
composition and abundance are closely associated with the 
pathogenesis of many gastrointestinal disorders (Liu G.-H. et  al., 
2022). For instance, the diversity of intestinal flora in ulcerative colitis 
(UC) mice were shown to be significantly decreased than that of 
healthy mice (Wei et al., 2019). One study (Wei et al., 2019) shows that 
electroacupuncture (EA) and moxibustion treatment on ST36 and 
CV4 has the ability to restore the diversity and compositions of the 
intestinal flora of UC mice through improving their alpha diversity 
indices and beta diversity distributions, which stabilizes the structure 
of intestinal flora. Studies also indicated that moxibustion at Guanyuan 
(RN4) could increase the diversity and abundance of intestinal 
probiotics in elder rats (Ouyang et al., 2022).

3.2 Acupuncture and moxibustion therapy 
regulates multi-system disorders

3.2.1 Improvement of intestinal inflammation

3.2.1.1 The first way is regulating intestinal flora and its 
metabolites

Probiotics, which are beneficial microorganisms with antioxidant 
and immunomodulatory activities, play an essential role in 
maintaining intestinal ecological homeostasis (Ouyang et al., 2022). 
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Acupuncture and moxibustion therapy have the ability to regulate the 
inflammatory response by harmonizing the balance between anti-
inflammatory probiotics and pro-inflammatory pathogenic bacteria 
to maintain the stability of the internal environment. For example, 
Lactobacillus and Bifidobacteria could protect the host from 
inflammation by inhibiting toll-like receptor 4 expression as well as 
downregulating inflammatory cytokines (Wang et al., 2018). A recent 
study showed that EA stimulation at Baihui (GV20) and Zusanli 
(ST36) increased the abundance of anti-inflammatory probiotics such 
as Lactobacillus and Bifidobacterium (Xu et al., 2013), reduced the 
abundance of E. coli and B. fragilis, and restored the learning and 
memory of D-galactose-treated aging rats by inhibiting the level of 
lipopolysaccharide (He et  al., 2021). Recent studies showed that 
acupuncture on GB34 and ST36 significantly reduced the amount of 
pro-inflammatory pathogenic bacteria such as Bacteroidetes and 
inhibited glial cell activation and apoptosis, thus reducing 
neuroinflammation (Jang et al., 2020). For example, EA reduced the 
abundance of pathogenic bacteria, such as Streptococcus (Wang et al., 
2021). It was also found that moxibustion on ST25 and RN6 altered 
the intestinal flora composition by decreasing E. coli and B. fragilis, 
which are highly associated with colonic inflammation (Wang, 2012). 
Short-chain fatty acids (SCFAs), secreted by probiotics, can inhibit the 
colonization and growth of pathogenic bacteria to the intestinal 
mucosa and reduce the production of inflammatory cytokines, thus 
regulating the intestinal barrier and immune system. Studies 
demonstrated that 12-week acupuncture therapy increased the relative 
abundance of SCFAs and produced bacteria such as Lachnospira, 
Coprococcus, Roseburia, and Roseburia faecis, suggesting that 
acupuncture may help to restore the balance of intestinal microbiota. 
EA can also induce intestinal epithelial cells to secrete IL-18 and 
antimicrobial by stimulating SCFAs (Guillemot-Legris and Muccioli, 
2017). After moxibustion at RN4 for 40 days, the intestinal SCFA 
content of elder rats increased to some extent, especially acetic acid, 
propionic acid, and isobutyric acid (Ouyang et al., 2022).

3.2.1.2 The second way is modulating immune cells and 
the system

Multiple studies have revealed that preventing immune overreaction 
is one of the key principles of acupuncture and moxibustion therapy in 
attenuating inflammation in numerous diseases (Li N. et al., 2021). In a 
normal state, Th17 immune cells secrete pro-inflammatory cytokines 
that induce inflammation against pathogen infections (Geng and Xue, 
2016); while on the other hand, Treg immune cells inhibit intestinal 
inflammation. However, when the body is stimulated, initial CD4+ T 
cells substantially differentiate into Th17 immune cells and disrupt the 
balance, which may lead to abnormal immune responses and intestinal 
inflammation. Studies showed that EA at Tianshu (ST25) and Zusanli 
(ST36) has the ability to restore the normal ratio of Treg and Th17 cells 
in spleen lymphocytes of UC mice (Sun et al., 2017), which helps to 
improve intestinal inflammatory response (Liu Z. et  al., 2022). 
Furthermore, EA could also relieve intestinal mucosal inflammation and 
autoimmune diseases by regulating marker transcription factors of 
immune cells such as RORyt and Foxp, as well as their metabolic 
pathways (Liu Z. et al., 2022).

In addition, immune cells secrete both pro-inflammatory and 
anti-inflammatory cytokines. The former includes IL-17, IL-21, and 
IL-22, while the latter includes IL-10 and TGF-β. The dynamic balance 
between these two types of cytokines helps maintain the stability of 

the intestinal environment, while their imbalance may lead to 
abnormal immune responses and severe inflammatory reactions in 
IBD patients. Studies have shown that EA at ST36, LI11, and ST25 can 
upregulate IL-10 by increasing levels of CD3 + CD4+ T cells and Treg 
cells in the mesenteric lymph nodes and downregulate the levels of 
Th17 cells and TNF-α to suppress intestinal inflammation (Xie et al., 
2020). Previous studies also demonstrated that moxibustion could 
inhibit chemotaxis and cell migration into inflamed tissues by 
promoting neutrophil apoptosis (Wang, 2012) and downregulating 
cytokines (Zhang et  al., 2022), such as IL-1β, IL-17, IFN-γ, and 
TNF-α, to improve inflammatory status and memory impairments. 
Moreover, moxibustion could regulate the colonic immune response 
by inhibiting TNFα and IL12 expression in the colon tissues of UC 
rats (Qi et al., 2018). Additionally, EA stimulation in Aβ25-35-treated 
rats can downregulate IL-1β and TNF-α in the prefrontal cortex and 
hippocampus, attenuating inflammatory responses and improving 
memory impairment.

When the intestinal mucosa is damaged, the monocyte–
macrophage system will be initiated. After that the initiation, the TLR4/
MyD88/NF-κB signaling pathways mediated by toll-like receptors 
(TLRs) would be abnormally activated, resulting in the amplification of 
inflammatory responses (Shen et al., 2020). Studies have shown that 
manual acupuncture (MA) at ST36 could modulate the macrophage 
polarization balance in an inflamed site by inhibiting pro-inflammatory 
M1 macrophages and promoting anti-inflammatory M2 macrophages 
simultaneously. Additionally, after moxibustion at RN4, the related 
inflammatory factors of myeloid differentiation factor 88 (MyD88)/
nuclear factor kappa-B (NF-κB) pathway in intestinal tissue were found 
significantly decreased in elder mice (Ouyang et al., 2022). One study 
(Dong et al., 2018) indicated that EA at ST36 and BL60 (Kunlun) could 
inhibit expression of TLR4, MYD88, and NF-kB, so as to improve 
inflammation reactions. Moreover, studies show that EA at GV20, 
Dazhui (GV14), and Shenshu (BL23) could reduce the expression of 
NLRP3 inflammasome and neuronal damage in the hippocampal CA1 
area. In the irritable bowel syndrome (IBS) model, EA at ST36 has been 
found to decrease the level of mast cells (MC) and downregulate 
interleukin-1β (IL-1β) in colon tissue, thus improving visceral 
hypersensitivity (Wang et al., 2019). Acupuncture and moxibustion 
stimulation can also release large quantities of bio-active mediators such 
as histamine, substance P (SP), and 5-hydroxytryptamine (5-HT) from 
activated MC, which directly stimulate peripheral nerve receptors, 
resulting in a healing effect on colonic mucosal damage (Shi, 2011). 
Additionally, research suggests that EA at ST36 upregulates cadherin, 
claudin-1, and zonula occludens-1 (ZO-1) levels in colon tissue, which 
prevents granulocyte infiltration into damaged areas and reduces 
gastrointestinal inflammation (Liu G.-H. et  al., 2020). Studies also 
showed that EA at ST36, ST37, ST39, and other acupoints could 
attenuate inflammation by inhibiting the activity of myeloperoxidase 
(MPO), which is produced by granulocytes and can activate neutrophils 
(Yang et al., 2020). Wu et al. demonstrated that acupuncture therapy 
could suppress oxidative stress in UC rats by regulating related markers 
such as SOD, CAT, and MDA, which are involved in the pathogenesis 
and progression of IBD (Liu Z. et al., 2022).

3.2.1.3 The third way is to reduce inflammation through 
the neuroendocrine system

According to Chen et al. (2020) both acupuncture and moxibustion 
could reduce the persistent inflammatory state by downregulating the 
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expression of sympathetic neuropeptides, such as neurokinin A (NKA), 
neurokinin B (NKB), SP, and vasoactive intestinal peptide (VIP). 
Additionally, acupuncture at ST36 stimulates the sympathetic nerve to 
release norepinephrine (NE), which specifically binds to the 
β2-adrenergic receptor (β2AR) and enables anti-inflammatory action, 
as reported by Xiao et al. Along with this study, the hypothalamic–
pituitary–adrenal (HPA) axis, mainly composed of the hypothalamic 
PVN, adenohypophysis, and the adrenal cortex, also plays crucial roles. 
Studies indicate that acupuncture directly regulates the endogenous 
HPA axis, which prevents the inflammatory response mediated by 
exogenous cortisol overdose. In addition, the somatic afferents 
activated by acupuncture can be conveyed to the corresponding nuclei 
of the brainstem and hypothalamus (Li N. et al., 2021). Studies have 
also proven that moxibustion could ameliorate anxiety behavior in 
DSS-induced colitis, partially by improving the balance of the HPA axis 
(Wei et al., 2019). Meanwhile, Wei et al. revealed that acupuncture can 
promote adreno-cortico-tropic hormone (ACTH), shifting the hypo-
responsiveness of the HPA axis to hyper-responsiveness, thus 
attenuating inflammation (Wei et al., 2017).

Recently, the anti-inflammatory effect of acupuncture, mediated 
by CAIP, has gained more and more attention worldwide. Studies 
show that EA promotes acetylcholine (ACh) release and activates α7 
nicotinic acetylcholine receptors (α7nAChRs) in mesenteric adipose 
tissues (mWAT), both of which are the key components of CAIP, thus 
increasing the anti-inflammatory factor TGF-1β and IL10 expression 
(Jiang et al., 2019), as well as inhibiting pro-inflammatory TNF-α 
production. In AD model rats, auricular acupuncture (AA) was found 
to be involved in the synthesis of choline acetyltransferase (ChAT) in 
the hippocampus and the regulation of abnormal astrocytic 
hyperactivity (Miao et al., 2009). In addition, Ma et al. found that EA 
pretreatment at Baihui (GV 20) increases the expression of anti-
inflammatory cytokines by conversion of microglia from the M1 to 
M2 phenotype through α7nAChR signaling (Ma et al., 2019). Then, 
the upregulated α7nAChRs would activate the JAK2/STAT3 pathway 
(downstream pathways) and reduce the expression of TNF-α and 
IL-6  in the hippocampus to protect neurons (Cao et  al., 2021). 
Researches (Salazar et al., 2017) also show that EA at LI‐4 and LI‐11, 
and Du‐14 and Du‐20 mobilized mesenchymal stem cells (MSC) into 
the systemic circulation which could enhance tissue repair and 
increase anti‐inflammatory cytokine production. In addition, EA also 
mediates anti-inflammatory responses through the upregulation of 
five subtypes of muscarinic receptors (M1, M2, M3, M4, and M5) on 
cholinergic neurons in various areas of the brain.

3.2.2 Correction of the neuroendocrine system 
disorders

It is widely recognized that acupuncture and moxibustion therapy 
has gained popularity in regulating the autonomic nervous system 
(ANS) by stimulating the parasympathetic pathway. While vagal 
activity has been implicated as a possible mediator of acupuncture 
therapy (Lim et al., 2016). Acupuncture at ST36 releases adenosine and 
histamine (Huang et al., 2018) and activates the expression of the pERK 
pathway to protect neuronal degeneration and improve various 
neuronal dysfunctions (Mosher and Wyss-Coray, 2014). Moreover, 
acupuncture signaling has been reported to show potent effects in 
alleviating intestinal inflammation and barrier dysfunction by 
triggering the vagal-adrenal medulla reflex and significantly increasing 
dopamine (DA) plasma levels (Li Y. et al., 2021). It has been confirmed 

that one of the mechanisms of acupuncture and moxibustion therapy 
is to downregulate the expression of pro-apoptotic protein Bax in the 
hippocampus, upregulate the expression of anti-apoptotic protein 
Bcl-2, and inhibit the initiation of endogenous apoptosis (Du et al., 
2022). Scholars also found that EA at Baihui can increase the expression 
of neurotrophins such as brain-derived neurotrophic factor (BDNF) in 
the cerebral cortex so as to repair damaged cells and improve the 
antioxidant stress capacity of the body. Related clinical RCTs have 
pointed out that moxibustion could effectively alleviate cognitive 
dysfunction through regulating cognition- or aging-related gene 
expressions (Ji et al., 2021), brain functional connectivity, and synaptic 
plasticity signaling pathways, including p38 MAPKs, PI3K/AKT, and 
NF-kappa-B (Lai et al., 2019). In murine models for vascular dementia 
(VaD), it has been identified that EA could improve cognitive 
impairment by improving the proliferation of hippocampal neuro-stem 
cells (NSCs) to repair neurons and improve brain function (Ahn et al., 
2016). In addition, studies have indicated that acupoint stimulation has 
the potential to protect hippocampal neurons by preventing apoptosis, 
scavenging toxic proteins, and inhibiting the production of amyloid 
β-peptide and the phosphorylation of Tau protein (Zhang et al., 2023).

4 How is the body’s metabolism and 
intestinal barrier function regulated?

4.1 Initiative regulation of endocrine 
metabolism mediated by brain-intestinal 
peptides

Brain-intestinal peptides are small molecules distributed in the 
brain and the gastrointestinal (GI) tract that transmit information in 
both directions in the GBA, mainly including SP, VIP, cholecystokinin, 
nitric oxide (NO), and 5-HT. These small molecules secreted by 
endocrine cells of the gut are involved in the maintenance of the 
stability of GI function at both central and peripheral levels by 
regulating the expression of hormones and neurotransmitters. GBA 
dysfunctions would affect the secretion of brain–gut peptides, which 
may further lead to certain neuro-degenerative diseases and 
gastrointestinal dysfunction. There is considerable evidence that EA 
could restore the GBA in certain intestinal disorders to balanced levels 
so as to regulate internal environmental stability. Experimentally, it 
was demonstrated that increased 5-HT and calcitonin gene-related 
peptide (CGRP) levels and decreased neuropeptide Y (NPY) content 
were found in the rat model of diarrheal irritable bowel syndrome 
(D-IBS) (Sun et al., 2015). However, EA attenuated the above changes 
of 5-HT, CGRP, and NPY in GBA to a normal state (Sun et al., 2015). 
Among them, 5-HT is a major transmitter of the GBA, the reduction 
of which, together with CGRP, has been shown to attenuate visceral 
sensitivity. Similarly, Yu et al. reported that EA at CV12, RN6, ST36, 
and LR3 effectively alleviates neuronal loss and apoptosis by regulating 
brain–gut peptides, such as NPY, cholecystokinin, somatostatin, 
gastrin, and peptide YY (Yu et al., 2020). Glial cells constitute almost 
half of the cells in the central nervous system (CNS), which have been 
highlighted in many aspects of CNS function. Studies suggest that EA 
at ST36 significantly increased the expression of astrocytic and 
microglial (OX-42) marker cells in the dorsal vagal complex (DVC) 
and regulated gastrointestinal activity (Yu, 2020). There is a study by 
Bao et al. (2022a,b) indicating that metabolic changes and behavior in 
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the central nervous system may be influenced by moxibustion through 
the kynurenine pathway (KP) along the gut–brain axis.

4.2 Regulation of energetic metabolism 
and improvement of insulin resistance

First of all, consistent with the theory of innervation of neural 
segments, needling adjacent acupoints helps to reduce blood glucose 
and protect the shape of islets (Feng et al., 2018). The same results 
were also found in the study of Xu et al. (2017), which pointed out that 
EA restored serum β-glucose and inositol in rats with chronic atrophic 
gastritis by normalizing a number of CAG-induced metabolomics 
changes. In addition, studies have shown that acupuncture reduces the 
insulin resistance of model rats by restoring the level of insulin 
signaling-related molecules such as IRS-1, IRS-2, Akt2, and GLUT4 
to normal, activating the signal transduction pathway of the 
phosphatidylinositol 3-kinase (PI3K)/Akt (Huang et al., 2016). For 
example (Liu et al., 2017) found that EA could increase the expression 
of GLUT1 and GLUT3  in the hippocampus and cortex so as to 
improve the learning and memory of APP/PS1 mice by regulating 
glucose metabolism. Another study suggests that EA may 
be considered as a new insulin sensitizer, which could improve insulin 
sensitivity and T2DM through various mechanisms, such as weight 
loss, anti-inflammatory, and the improvement of lipid metabolism and 
adipokines as well (Firouzjaei et al., 2016). EA at ST36 and BL23 is 
reported to reduce the level of fasting insulin (FINS) and protect islet 
B cell morphology so as to improve insulin sensitivity by increasing 
the expression of GLUT2 and GCK, both of which function together 
as “glucose sensor” (Feng et al., 2018) and reduce neuronal damage by 
promoting glucose metabolism. Moreover, studies also indicated that 
short-term AA could improve antioxidant capacity in people at high 
risk for diabetes, thus reducing the risk for dementia (Liu et al., 2008).

4.3 Improvement of gut barrier function

The gastrointestinal (GI) epithelial barrier is crucial for 
maintaining gut environmental homeostasis. Its integrity depends on 
the major nervous systems, enteric neuron function, intestinal 
permeability, tight junctions, and epithelial cell integrity (Song et al., 
2019). Disruption of the intestinal mucosal barrier and increased 
intestinal permeability can lead to impaired nutrient and toxin 
absorption, causing the loss of neurons, astrocytes, microglia, and 
endothelial cells, which increases the risk of developing progressive 
cognitive impairment or dementia. It can be observed that EA at Sibai 
(ST2), Liangmen (ST21), and ST36 acupoints of CAG rats rendered 
the gastric mucosal folds and thickness of gastric mucosa (Xu et al., 
2017). Moreover, moxibustion could restore the colonic mucosa to the 
level of healthy rats and decrease submucosal inflammatory cell 
infiltration and congestion in UC rats (Qi et al., 2018). Studies suggest 
that acupuncture at ST36 may regulate the integrity of the intestinal 
barrier by inducing the intestinal epithelial cells through the 
cholinergic pathway (Xie et al., 2020) to upregulate the expression of 
tight junctions and reduce apoptosis of intestinal epithelial cells 
(Guillemot-Legris and Muccioli, 2017). Furthermore, EA at ST36 can 
also attenuate the distortion of enteric glial cells, maintain intestinal 
barrier function, and reduce intestinal permeability, preventing toxins 
from trans-locating from the lumen into the blood.

5 Summary

Based on the analysis of several systematic reviews and 
randomized control trials (RCTs), we  have identified the most 
commonly used acupuncture points to improve cognitive impairment 
through the MGB axis and their probable mechanisms in 
Supplementary Table 2. Out of all the relevant publications, Zusanli 
(ST36) is the most frequently used acupuncture point, followed by 
Tianshu (ST25). Acupuncture points on the spleen, stomach, and 
intestinal meridians accounted for nearly half of the frequency, 
consistent with the role of acupuncture in improving the internal 
environment of the stomach and intestines. Acupuncture points on 
the extremities are used more often than those on the abdomen or 
craniofacial region. Additionally, it is critical to ensure that patients 
experience the deqi sensation (Si et al., 2021), which is a sensation of 
soreness, distention, numbness, or heaviness. Clinical studies favored 
combinations of multiple acupoints, while single-acupoint treatment 
was more common in animal tests, usually using Baihui (GV 20) and 
Zusanli (ST36). Studies showed that single-site treatment could also 
exert multiple dimensions of therapeutic effects through different 
mechanisms, while most RCTs did not mention any side effects. This 
is an advantage of acupuncture over Western medicine, as it is 
multifaceted, multi-targeted, and safer.

With regard to the difference between the effects of EA and MA on 
cognitive impairment, it is generally recognized that EA stimulation 
shows a more beneficial effect on neurodegenerative diseases (Lin et al., 
2018). Studies found that EA activated more callback brain regions and 
functional connectivity than MA (Liu et al., 2023) due to the electrical 
twitching of surrounding tissues it produced (Yamamoto et al., 2011). 
However, some studies (Mitchell and Shiri-Feshki, 2008) instead found 
that patients who received MA displayed a significant improvement in 
cognitive function compared to those who received EA. We could not 
make a conclusion about whether one treatment has a better cognitive 
improvement effect than the other due to the lack of studies of large 
sample sizes and high-quality evidence-based medical evidence. The 
probable reasons for the ambiguity are listed as follows. First, MA and 
EA might exert different therapeutic effects through respective 
mechanisms related to the characteristics of diseases (Yu et al., 2014). 
For example, (Lin et al., 2018) pointed out that EA might promote 
neuroprotection and neuronal regeneration through TrkB and NF-kB 
signal pathways, while MA could activate the BDNF and its 
downstream signaling pathways (Ferrón Sacri et al., 2009). Second, the 
effect of MA depends on acupuncture points, stimulating intensity 
(Jiang et al., 2013) and courses of treatment, as well as the “De-Qi” 
feeling (Lin et al., 2018). However, most of the study subjects are mice 
and their feedback on acupuncture could not be tested, which might 
affect the efficacy to some extent.

In 1990, the World Health Organization recognized auricular 
acupuncture (AA) as a microacupuncture system, which has a positive 
impact on regulating whole-body function. Studies found that AA could 
prevent or improve cognitive impairment by activating the “ear-vagus 
nerve reflex” (Rong et al., 2015) and regulating the expression of beta-
amyloid protein in the brain. Recent studies indicated that AA could 
induce central anti-inflammatory reaction (Corsi-Zuelli et al., 2017), 
mainly via CAP (Liu C.-H. et al., 2020), and affect the HPA axis and 
cortisol levels as well (Kim et  al., 2012). Moreover, AA could also 
modulate immune activation in the gut wall (Greenwood and Davison, 
1987) and decrease intestinal permeability, thus likely modulating 
microbiota composition (Breit et  al., 2018). Then, AA may further 
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regulate the neuroimmune system, the neuroendocrine system, and 
brain regions associated with cognition (Liu C.-H. et al., 2020).

6 Conclusion and future directions

In summary, the MGB axis plays a significant role in the 
development of cognitive impairment. Several promising targets 
for improving cognitive impairment have been identified, 
including the species and diversity of intestinal flora, immune-
inflammatory reactions, neural pathways, metabolism, and 
intestinal barrier. The acupuncture and moxibustion therapy has 
been proven to improve cognitive function mainly through 
regulating the neuroendocrine system to improve intestinal 
inflammation, suppressing excessive immune response through 
neurofeedback pathways, maintaining intestinal microecological 
stability, and improving the intestinal barrier.

This study reviews the possible ways in which acupuncture and 
moxibustion therapy modulates the MGB axis to improve cognitive 
impairment and analyzes the acupuncture points of high frequency. 
Exploring the relationship between acupuncture and moxibustion 
treatment and the central nervous system through the MGB axis helps 
to provide theoretical mechanisms for treatments that target the axis. 
However, more systematic analyses of the effects of the acupuncture 
and moxibustion treatment on specific microbiota species are still 
needed. Acupuncture and moxibustion treatment targeting the 
gastrointestinal tract, not just brain function, deserves more high-
quality clinical studies, which may be an important future challenge 
for standardized clinical application. One study (Dong et al., 2018) 
indicated that EA at ST36 and BL60(Kunlun) could inhibit expression 
of TLR4, MYD88, and NF-kB, so as to improve inflammation reactions.
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Glossary

MGB axis microbiome–gut–brain axis

CNS central nervous system

CI cognitive impairment

EA electroacupuncture

ANS autonomic nervous system

BBB blood–brain barrier

GBA gut–brain axis

MIDs metabolic inflammatory diseases

GF germ-free

EECs enteroendocrine cells

NSCs neuro-stem cells

VaD vascular dementia

SCFAs short-chain fatty acids

ChAT cholinergic-related enzyme acetylcholine transferase

α7nAChR α7-nicotinic acetylcholine receptor

TLRs toll-like receptors

MyD88 myeloid differentiation factor 88

NF-κB nuclear factor kappa-B

IBS irritable bowel syndrome

MC mast cells

SP substance P

HPA axis hypothalamic–pituitary–adrenal axis
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