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Insomnia is a common sleep disorder observed in clinical settings, with a globally
rising prevalence rate. It not only impairs sleep quality and daytime functioning but
also contributes to a range of physiological and psychological conditions, often
co-occurring with somatic and mental disorders. Currently, the pathophysiology
of this condition is not fully understood. Treatment primarily involves symptomatic
management with benzodiazepine receptor agonists, melatonin and its receptor
agonists, sedative antidepressants, atypical antipsychotics, and orexin receptor
antagonists. However, due to the adverse side effects of these drugs, including
dependency, addiction, and tolerance, there is an urgent need for safer, more
effective, and environmentally friendly treatment methods. Inrecent years, research
on the microbiota-gut-brain axis has received significant attention and is expected
to be key in uncovering the pathogenesis of insomnia. Acupuncture stimulates
acupoints, activating the body's intrinsic regulatory abilities and exerting multi-
pathway, multi-target requlatory effects. A substantial body of evidence-based
research indicates that acupuncture is effective in treating insomnia. However,
the unclear mechanisms of its action have limited its further clinical application
in insomnia treatment. Therefore, this study aims to elucidate the pathogenesis
of insomnia from the perspective of the microbiota-gut-brain axis by examining
metabolic, neuro-endocrine, autonomic nervous, and immune pathways.
Additionally, this study discusses the comprehensive application of acupuncture in
treating insomnia, aiming to provide new strategies for its treatment.

KEYWORDS

microbiota-gut-brain axis, insomnia, pathogenesis, acupuncture intervention,
strategies

1 Introduction

Insomnia is characterized by subjective symptoms such as difficulty falling asleep or frequent
awakenings with dreams, resulting in poor sleep quality, short sleep duration, and subsequent
daytime fatigue, drowsiness, and lack of concentration. Epidemiological studies indicate that
nearly 30% of the global population suffers from insomnia (Morin and Jarrin, 2022), with the
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prevalence rate in China reaching up to 45.5% (Chinese Society Of
Neurology and Sleep Disorders Group, 2018). Chronic sleep deprivation
can lead to reduced immunity, daytime lethargy, and fatigue,
significantly affecting patients’ lives and work. In severe cases, it can
cause a range of physiological and psychological conditions such as
anxiety, depression, hypertension, diabetes, dementia, and cancer,
imposing a substantial economic burden on society.

The pathophysiological mechanisms underlying insomnia have
not been fully elucidated. Modern medicine attributes insomnia to
abnormal neuronal activity in the brain, affecting neurotransmitters,
hormone secretion, and the immune system. Primary clinical
treatments for insomnia currently include benzodiazepines and
medications based on melatonin. However, due to their significant
side effects, including tolerance, dependency, and addiction
(Zengjie et al, 2017), many patients find these treatments
unacceptable. Acupuncture, an external therapy guided by
principles of traditional Chinese medicine, lacks drug-related side
effects. Acupuncture functions by stimulating acupoints to activate
the body’s intrinsic regulatory abilities, exerting multi-pathway and
multi-target regulatory effects. Evidence-based medical research
(Kim et al, 2021) has demonstrated significant efficacy of
acupuncture in treating insomnia. However, the mechanisms
underlying its action continue to be a focus of investigation among
scholars worldwide, thus limiting its broader clinical application in
treating insomnia.

The microbiota-gut-brain axis (MGBA) integrates the gut
microbiota with the nervous, endocrine, and immune systems,
establishing bidirectional regulatory pathways crucial for
maintaining the dynamic balance of the sleep-wake cycle. This axis
is closely linked to the pathogenesis of insomnia. However, existing
studies often focus on mechanisms from individual perspectives,
lacking a systematic approach. Therefore, this study aims to
comprehensively understand insomnia from the perspective of the
MGBA, elucidating metabolic, neuro-endocrine, autonomic
nervous, and immune pathways. Additionally, this research
explores the broader application of acupuncture in insomnia
treatment, aiming to propose novel therapeutic strategies
(Figure 1).

2 The microbiota-gut-brain axis

The MGBA refers to the bidirectional communication network
between the gut microbiota and the central nervous system (CNS).
This network is comprised of the nervous, endocrine, and immune
systems, and includes several key components such as metabolic
pathways, neuroendocrine regulatory pathways, the autonomic
nervous system (ANS), and immune signaling. The following outlines
the various aspects of how the MGBA influences the CNS.

The MGBA affects the CNS through metabolic pathways. Gut
microbiota can impact host metabolism; for instance, neuroactive
metabolites such as short-chain fatty acids (SCFAs) produced by
the microbiota can influence neural development and function
(Rothhammer et al., 2016). SCFAs produced by gut bacteria such
as Clostridia and Bacteroides can cross the blood-brain barrier
and directly enter the CNS (Onyszkiewicz et al., 2019), regulating
the epigenetics of brain function genes and thus affecting CNS

development. During early life, gut microbiota actively
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participates in the normal formation and functional construction
of the nervous system. Gut-derived tryptophan metabolites can
bind to aryl hydrocarbon receptors in the fetus through the
placenta (Wei et al, 2021), significantly influencing fetal
CNS development.

The MGBA influences the CNS through neuroendocrine
regulatory pathways. Gut microbiota can alter host behavior and
cognition by affecting the release of various neurotransmitters,
including norepinephrine, serotonin (5-HT), and dopamine
(Zhang et al., 2021), Additionally, gut microbiota can secrete
various neurotransmitters such as gamma-aminobutyric acid
(GABA), catecholamines, and histamine, which transmit signals
to the CNS (Chen et al.,, 2021). These products can regulate
neuronal activity in the brain through the MGBA, significantly
impacting brain development and behavior. Furthermore, gut
microbiota can influence brain function and emotional states by
producing neurotransmitters and metabolic products, thereby
regulating the activity of the hypothalamic-pituitary-adrenal
(HPA) axis. Animal experiments have shown that early microbial
colonization can affect the development and stress responses of the
HPA axis in mice (Sudo et al, 2004). Additionally, certain
probiotics may help reduce the release of stress hormones such as
cortisol, thereby alleviating stress responses (Crumeyrolle-Arias
etal., 2014).

The MGBA influences the CNS by regulating autonomic neural
pathways. The gastrointestinal (GI) tract is densely innervated and
regulated by the CNS, the ANS, and the enteric nervous system
(ENS). Sensory information from the GI tract can be directly
transmitted to the brain via the ENS or the vagus nerve (Doifode
et al, 2020), Additionally, gut microbiota can influence the
development and function of gut neurons by activating toll-like
receptors (Doifode et al., 2020). Animal experiments have shown that
electrical stimulation of vagal afferent fibers can alter the
concentration of 5-HT in the brain, indicating that the brain and gut
can communicate signals via the vagus nerve (Burgos et al., 2014). By
stimulating the vagus nerve, gut microbiota can transmit gut
inflammation signals to the CNS. Further studies have revealed that
gut microbiota also regulate extrinsic sympathetic nerves in the gut.
When the gut microbiota is lost, the expression of the neuronal
transcription factor c-Fos in gut sympathetic ganglia is upregulated.
Conversely, bacteria colonizing germ-free (GF) mice can inhibit
c-Fos expression, thereby affecting the development and function of
the CNS (Kuwahara et al., 2020).

The MGBA influences the CNS by regulating the immune system.
The GI tract is the body’s largest immune system, with 70% of the
lymphatic tissue attached to the intestinal mucosa. Immune cells in
this lymphatic tissue play a protective role for the body. Cytokines
produced by immune responses, such as interleukin-1 (IL-1) and
tumor necrosis factor-alpha (TNF-a), circulate through the
bloodstream to the hypothalamus, transmitting immune signals.
These cytokines have potent immune functions, significantly
impacting CNS activities.

In summary, the MGBA constructs a complex bidirectional
communication network between the gut microbiota and the
central nervous system through multiple mechanisms, including
metabolic pathways, neuroendocrine regulation, autonomic
nervous pathways, and the immune system. Through these
pathways, gut microbiota can significantly influence the
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pathway, thus maintaining the dynamic balance of the sleep—wake cycle.

Relationship between the microbiota-gut-brain axis and the pathogenesis of insomnia. This figure illustrates that the pathogenesis of insomnia can

be understood through the microbiota-gut-brain axis system. The microbiota-gut-brain axis connects the enteric nervous system (ENS) and the
central nervous system (CNS), primarily influencing the CNS through the vagus nerve, gut microbiota, metabolites, neurotransmitters, and
gastrointestinal hormones. This interaction activates the hypothalamic-pituitary-adrenal (HPA) axis, thereby affecting sleep. By integrating the gut
microbiome, nervous system, endocrine system, and immune system, the microbiota-gut-brain axis forms a multidimensional, bidirectional regulatory

development, function, behavior, and emotional state of the central
nervous system, revealing the critical role of gut microbes in neural
health and disease.

3 The relationship between the
microbiota-gut-brain axis and
insomnia

Insomnia is closely linked to abnormalities in CNS function. The
MGBA can regulate the CNS through various mechanisms, including
metabolic, neuroendocrine, autonomic neural, and immune pathways,
thereby potentially alleviating insomnia.

Frontiers in Microbiology

3.1 Metabolic pathways

The dysregulation of the MGBA can worsen CNS disorders by
producing abnormal metabolites, thus affecting sleep. Examples
include gut bacteria, SCFAs, and bile acids (BAs).

The genus Bacteroides is the largest Gram-negative bacterial
group in the gut microbiota. Its production of lipopolysaccharides
(LPS) and other endotoxins can activate the peripheral immune
system, promoting infiltration of peripheral immune cells into the
brain, thereby triggering CNS inflammation. According to reports
(Szentirmai and Krueger, 2014), peripheral administration of LPS can
increase the duration and intensity of slow-wave sleep while reducing
paradoxical sleep.
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Sleep deprivation may alter the composition of the gut
microbiota, affecting the overall health and metabolic functions of
the host. Specific probiotic strains can improve insomnia symptoms
and may modulate physiological mechanisms related to sleep.
Animal experiments (Wang et al., 2021), have found that chronic
sleep deprivation in mice reduces the relative abundance of
beneficial bacteria in the gut, suppressing the number of beneficial
bacteria in feces nearly twofold. Other studies have shown that
chronic insomnia patients have decreased levels of certain beneficial
bacteria in the gut, such as bifidobacteria and lactobacilli, while
potentially pathogenic bacteria like Enterobacteriaceae increase in
number. The quantity of lactobacilli is negatively correlated with
subjective sleep quality scores (Wang et al., 2021), suggesting that
these microbial communities may play a role in sleep responses in
humans. Another study (Chen et al., 2022a,b), using 16S rRNA gene
sequencing of fecal samples from insomnia patients, revealed
specific gut microbiota associated with reduced sleep efficiency, such
as decreased levels of Akkermansia muciniphila correlating with
lower sleep quality. In a randomized double-blind controlled trial
(Chen et al., 2022a,b), insomnia patients treated with Lactobacillus
plantarum PS128 probiotics showed significantly improved sleep
quality, increased sleep efficiency, and longer sleep maintenance.
Another study confirmed (Patterson et al., 2024) that intake of
Bifidobacterium infantis 35624 probiotics had a positive impact on
patients with irritable bowel syndrome and insomnia symptoms,
improving their sleep quality and gut function.

Additionally, in the feces of insomnia patients, the concentration
of SCFAs significantly decreases. SCFAs, derived from the microbial
breakdown of carbohydrates such as acetate, propionate, and butyrate,
are metabolic products produced by intestinal microbiota fermenting
cellulose. They have been found to influence sleep through the
gut-brain axis. Changes in the gut microbiota of insomnia patients
may reduce the synthesis of SCFAs (Lehahn, 2022). Experiments have
shown (Szentirmai et al., 2019; Silva et al., 2020) that butyrate can
significantly increase non-rapid eye movement (NREM) sleep time in
mice. SCFAs affect vagus nerve activity via the GPR43 receptor (Silva
etal., 2020), thereby influencing reward and emotion regulation areas
in the brain, which contributes to improving sleep.

BAs are among the most important metabolites of the intestinal
microbiota, possessing multiple signaling functions. In a mouse model
of insomnia, levels of BAs are generally elevated in both serum and
ileum (Tianyue et al., 2023). Various BA receptors have been found in
immune cells throughout the gastrointestinal tract. Evidence also
suggests (Hang et al., 2019) that BAs have protective and anti-
inflammatory effects on the brain. Therefore, activation of bile acid
receptors in immune cells can trigger immune responses and
modulate the CNS.

3.2 Neuroendocrine pathways

The neuroendocrine regulatory pathway is a crucial mechanism
of the MGBA, influencing the CNS by adjusting levels of
neurotransmitters and brain-gut peptides, thereby affecting sleep.

Brain-gut peptides (BGPs) are a significant class of gastrointestinal
hormones in the neuroendocrine signaling pathway, exerting dual
actions as hormones and neurotransmitters. They are widely
distributed in gastrointestinal and brain tissues. Certain BGPs such as
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serotonin (5-HT), melatonin (MT), substance P (SP), and gamma-
aminobutyric acid (GABA) play regulatory roles in sleep.

5-HT, an important neurotransmitter in the gastrointestinal tract,
accounts for 95% of the total body serotonin produced in the gut
(Jones et al., 2020). It is considered a crucial biological substrate in the
pathogenesis of mood disorders. Besides, 5-HT plays a significant role
in regulating the structural integrity of the enteric nervous system
(ENS), immune responses, and epithelial cell integrity. 5-HT initiates
and sustains slow-wave sleep to facilitate sleep regulation (Rancillac,
2016). During wakefulness, 5-HT is released from nerve terminal
axons, influencing the synthesis of specific sleep-related substances in
the brain. Gut microbiota stimulate 5-HT production through TpH1
activation (Legan et al.,, 2022), and critical metabolites such as SCFAs
and secondary bile acids also impact 5-HT synthesis.

Gastrointestinal hormones are distributed in gastrointestinal
tissues and transmit endocrine-neural impulse signals bidirectionally
through the blood-brain barrier. Current research indicates that the
mechanism of gastrointestinal hormones regulating central nervous
signals may be related to the activation of G protein-coupled receptors.
SCFAs and BAs can activate the G protein-coupled bile acid receptor
TGRS, thereby stimulating the release of 5-HT (Chen et al., 2022a,b).
Additionally, MT derived from 5-HT can regulate the body’s circadian
rhythm and sleep cycle (Pandi-Perumal et al., 2008), and it also
inhibits gastric acid secretion, protects the gastric mucosa, and
promotes gastrointestinal motility.

MT is a hormone secreted by the pineal gland in the brain, playing
a crucial role in regulating the human circadian rhythm and sleep
patterns. MT can influence the sleep-wake cycle through its receptors
MT1 and MT2 (Rashid et al., 2024), and it is involved in regulating
sleep structure and sleep quality. The gut microbiota can indirectly
affect the synthesis and secretion of MT through the gut-brain axis.
Some metabolic products produced by gut bacteria, such as SCFAs,
have been shown to influence MT production. Additionally, dysbiosis
of the gut microbiota can affect MT synthesis, thereby impacting sleep.
One study demonstrated (Wang et al., 2023) that transplanting the gut
microbiota from sleep-deprived mice to normal mice resulted in
disrupted MT synthesis and secretion in the recipient mice, leading to
decreased sleep quality.

Additionally, substance P (SP) is an excitatory neurotransmitter
composed of 11 amino acids. SP can alter sleep or slow-wave sleep
activity through its receptors. Studies have shown (Asarnow, 2019)
that injecting SP into the lateral ventricle of rats can increase sleep
time, categorizing it as a central sleep-promoting substance. It can
regulate the expression levels of various substances in brain tissue and
promote sleep in the CNS by exciting neurons in the hypothalamic
preoptic area (Yanlong, 2004). Furthermore, chronic sleep deprivation
can lead to reduced microbial adhesion and penetration in the distal
ileum and cecum, elevated serum cytokine levels (Poroyko et al.,
2016), and decreased pro-adrenaline levels, with these changes
worsening with prolonged sleep deprivation.

GABA is an inhibitory neurotransmitter that plays important
physiological roles in humans, including reducing neuronal activity,
regulating heart rate, enhancing memory, and modulating hormone
secretion. Studies have shown (Yu et al., 2020) that GABA-fermented
milk can improve sleep, with its protective mechanism possibly
involving the regulation of gut microbiota and increased SCFA
levels. Experiments have confirmed (Strandwitz et al., 2019) that
GABA serves as a growth factor for certain bacteria, thereby
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regulating the gut microbiota. Another study indicated (Mabunga
et al., 2015) that GABA extracted from fermented rice germ can
counteract caffeine-induced sleep disorders without affecting the
general activity of mice.

Additionally, gut microbiota can influence sleep activities by
regulating the hypothalamic-pituitary-adrenal (HPA) axis. High levels
of HPA axis activity can cause sleep disorders, and correspondingly,
sleep disturbances can further dysregulate HPA axis function (Qinghai
and Rongyu, 2006). Sleep disorders may be associated with
overactivation of the HPA axis (Manosso et al., 2024). Gut microbiota
can affect HPA axis levels (Ge et al., 2021), and supplementing with
probiotics can regulate HPA axis activity, thereby improving sleep
quality (Lan et al., 2023).

3.3 Autonomic nervous pathways

The autonomic nervous system (ANS) includes the sympathetic
nervous system, parasympathetic nervous system, and enteric nervous
system (ENS), with the primary component of the parasympathetic
nervous system—the vagus nerve—playing an important role in
regulating sleep and emotions due to its extensive distribution and
functions. The vagus nerve pathway is a major route through which
the gut microbiota influences the CNS, as activating the vagus nerve
has significant anti-inflammatory effects that help mitigate excessive
inflammatory responses triggered by the gut microbiota. This neural
pathway acts as a bridge between the gut and the CNS. Vagal afferent
fibers regulate sleep by translating inflammatory signals between the
brain and the periphery. These fibers can transmit inflammatory
stimuli (Zielinski and Gibbons, 2022), from peripheral viscera to
stimulate the nucleus of the solitary tract (NTS) in the brainstem. The
NTS projects to multiple sleep-regulating brain areas, which can
induce the expression of pro-inflammatory sleep-inducing molecules
and effects. The efferent fibers of the vagus nerve, partly mediated by
acetylcholine neurotransmitters in the dorsal motor nucleus (DMN)
and the nucleus ambiguus (NA), have anti-inflammatory effects and
can reduce the release of peripheral inflammatory factors. The
suprachiasmatic nucleus (SCN) can play a role in regulating the
circadian rhythms of brain and peripheral molecules. Studies have
confirmed (Morais et al., 2020) that Bifidobacterium longum may exert
anxiolytic effects by signaling to the CNS through the vagus nerve
pathway at the ENS level. Hansen et al. (1997) demonstrated through
animal experiments that the subdiaphragmatic vagus nerve plays a
crucial role in conveying sleep and fever signals to the brain. Yue Jiao
and colleagues (Jiao et al., 2020) confirmed through clinical trials that
transcutaneous vagus nerve stimulation might be an effective option
for treating insomnia. Additionally, vagus nerve stimulation can
regulate sleep by altering neurotransmitter levels, and GABA
produced by the gut microbiota may influence CNS functions through
the vagus nerve (Lucena et al., 2021). Studies have shown (Xian and
Aihua, 2015), that stimulating the main trunk or superficial branches
(such as the auricular branch) of the vagus nerve increases afferent
impulses, which can elevate CNS levels of neurotransmitters like
GABA and reduce concentrations of excitatory neurotransmitters like
glutamate, thereby improving nighttime sleep quality, reducing
daytime sleepiness, and enhancing mood. This process plays a crucial
role in sleep regulation, further demonstrating the close link between
gut microbiota and sleep quality.
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3.4 Immune pathway

The immune regulation pathway is a critical mechanism of the
MGBA. The gut microbiota interacts with intestinal epithelial cells,
regulates the function of the intestinal barrier, and influences the
maturation and activation of immune cells, thereby affecting brain
behavior and function.

Gastrointestinal bacteria have been proven to play crucial roles in
the initiation, control, regulation, and implementation of the immune
system (Belkaid and Hand, 2014). Gastrointestinal bacteria can induce
intestinal T cells to migrate to the brain (Zhou et al., 2022). These T
cells residing in the brain can regulate the transition of microglia from
immature to mature states. In addition to participating in immune
functions within the CNS, microglia are also involved in various stages
of neuronal activity, including synaptic remodeling to improve neural
network connectivity. Researchers have found (Mossad and Erny,
2020) that the lack of a complex host microbiota in the gastrointestinal
tract increases the number of microglia in the CNS and leads to
defects in microglia maturation, activation, and differentiation,
ultimately resulting in impaired immunity to bacterial or viral
infections. Additionally, there is growing evidence (Erny et al., 2015)
that SCFAs have various impacts on microglial function. Studies have
shown that supplementing GF mice with SCFAs can reduce the
production of abnormal microglia. Li et al. (2023) demonstrated
through animal experiments the critical role of SCFAs in maintaining
microglial homeostasis against neuroinflammatory stimuli.
Metabolites produced by the gut microbiota, such as SCFAs, can cross
the blood-brain barrier, affecting microglia and the synthesis and
release of neurotransmitters (Van de Wouw et al., 2018), thereby
regulating emotions and behavior. Some researchers believe (Fock and
Parnova, 2023) that SCFAs can influence blood-brain barrier
permeability, thereby regulating the brain’s sensitivity to other sleep-
regulating factors.

Approximately 70% of immune cells are located in the
gut-associated lymphoid tissue, where they can release various
cytokines including interleukins and tumor necrosis factor (TNF).
Molecules derived from the gut microbiota may act as antigens in the
brain. Several members of the interleukin-1 (IL-1) family have been
shown to regulate sleep (Zielinski et al., 2016), including IL-1p, IL-1a,
IL-18, and IL-37. The sleep-modulating effects of these IL-1 family
members partly depend on the activation of downstream receptors.
Researchers suggest (Ingiosi et al., 2015) that increased levels of
IL-1 in the brain significantly prolong non-rapid eye movement
(NREM) sleep, while reducing IL-1 secretion decreases total sleep
time, demonstrating the influence of IL-1 levels on sleep duration.
Other studies have found (Krueger et al., 2011) that bacteria can
promote sleep by enhancing cytokines such as TNF and IL-1, which
act on individual neuronal circuits and sleep-regulating centers in the
brain, influencing sleep through substances like nitric oxide,
adenosine, and glutamate. Animal experiments have shown
(Fernandes, 2006), that TNF-a transiently inhibits the gene expression
and N-acetyl-5-
hydroxytryptamine in the pineal gland of rats, indicating that the

of melatonin precursors Aa-nat, hiomt,
nocturnal surge of melatonin is impaired at the onset of inflammation
and recovers during acute response shutdown or chronic
inflammation. Furthermore, probiotics such as bifidobacteria,
lactobacilli, and Escherichia coli can affect the levels of inflammatory

factors in the blood (Cristofori et al., 2021), and levels of inflammatory
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factors like IL-1, interleukin-6 (IL-6), and TNF are significantly
elevated in patients with sleep disorders, suggesting a potential link
between these microbial communities and immune pathways
regulating sleep.

4 Acupuncture intervention strategies

Traditional Chinese Medicine (TCM) places great emphasis on
the relationship between the brain and the gastrointestinal system
when treating insomnia. The ancient theory that “if the stomach is not
in harmony, sleep will be disturbed” aligns with the modern concept
of brain-gut interaction, providing an objective basis for the holistic
approach of TCM diagnosis and treatment. TCM offers various
methods for treating insomnia, among which acupuncture stands out
as a green and effective treatment option, demonstrating unique
advantages. Acupuncture methods for treating insomnia include body
acupuncture, scalp acupuncture, abdominal acupuncture, auricular
acupuncture, moxibustion, and other techniques. By stimulating
specific acupoints, acupuncture can regulate the body’s intrinsic
balance and exert a comprehensive regulatory effect.

4.1 The efficacy of acupuncture in treating
insomnia and related research

Acupuncture treatment for insomnia has proven effective in
clinical practice. Numerous clinical studies and systematic reviews have
shown that acupuncture can significantly improve sleep quality in
patients with insomnia, shorten sleep onset time, extend sleep duration,
reduce the number of nighttime awakenings, enhance sleep efficiency,
and decrease daytime sleepiness and anxiety-depressive symptoms.
Yichuang (2023) found through a meta-analysis that acupuncture
treatment for insomnia is effective and superior to non-acupuncture
treatments, with stable results, providing scientific evidence for the
efficacy of acupuncture in treating insomnia. A randomized controlled
trial (Guo et al,, 2013) divided patients into acupuncture, estazolam,
and sham acupuncture groups, and found that all groups showed
improvement compared to baseline, with the acupuncture group
demonstrating significantly better sleep quality and vitality, and
reduced daytime dysfunction and sleepiness compared to both the
pharmaceutical and sham acupuncture groups. Another study (Qiang
et al., 2020) discovered that acupuncture has similar or even better
effects compared to medication in improving sleep quality in insomnia
patients, and that acupuncture treatment has a longer-lasting effect and
lower relapse rate (Xu et al., 2024). Additionally, neuroimaging studies
(Zang et al., 2023) have found that acupuncture can regulate brain
functional connectivity in insomnia patients and affect brain activity
related to sleep, thereby improving insomnia. This indicates that
acupuncture not only alleviates insomnia symptoms but also offers
stable long-term effects, ultimately enhancing patients’ quality of life.

4.2 Acupuncture’s regulatory effect on the
microbiota-gut-brain axis

Acupuncture, as a holistic regulatory method, stimulates specific
acupoints to influence the body’s nervous, endocrine, immune, and
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other systems, thereby regulating the function of the MGBA to
treat insomnia.

Research indicates (Hao et al., 2022), that acupuncture can
improve intestinal peristalsis and secretion, enhance intestinal
mucosal barrier function, and regulate intestinal immune responses,
thereby modulating the structure and quantity of gut microbiota. Xu
et al. (2023) confirmed through animal experiments that
electroacupuncture can significantly increase the production of
butyrate and regulate gut microbiota to promote intestinal
peristalsis. Qiu et al. (2023) demonstrated that electroacupuncture
can exert antidepressant effects by modulating the abundance of
lactobacilli and staphylococci. Additionally, acupuncture can
regulate metabolic products produced by the gut microbiota, such
as SCFAs and bile acids. A clinical trial (Bao et al., 2022) showed that
acupuncture treatment three times a week for 12 weeks can increase
the ratio of SCFAs and anti-inflammatory bacteria, and effectively
reduce the levels of LPS and Th1/Th17-related cytokines in the
blood, thereby enhancing intestinal barrier function. These studies
suggest that acupuncture may help restore the balance of the gut
microbiota and treat insomnia by influencing the metabolic
pathways of the MGBA.

In recent years, several studies have found that acupuncture can
regulate neurotransmitters and cytokines, thereby improving sleep.
Research shows (Provided et al., 2019) that acupuncture can promote
the release of neurotransmitters such as 5-HT, GABA, and MT in the
brain, thereby regulating neuronal activity and improving insomnia
symptoms. Another study (Chen et al, 2023) indicated that
depressive-like behaviors in rats significantly improved after 4 weeks
of acupuncture treatment, with increased expression of 5-HT. Jinpeng
et al. (2022) used retained needle therapy at the Five Heart Points
combined with repetitive transcranial magnetic stimulation to treat
post-stroke insomnia. The results showed that after 4weeks of
treatment, patients had significantly elevated serum GABA and 5-HT
levels compared to before treatment, along with improved sleep
quality and reduced anxiety and depression. Hong et al. (2020)
confirmed that melatonin levels in the pineal gland of mice receiving
acupuncture treatment significantly increased, thereby improving
sleep outcomes. Furthermore, acupuncture can regulate the
neuroendocrine axis (Yi et al, 2023), reducing levels of stress
hormones such as adrenaline and cortisol, thus alleviating sleep
disorders. These studies suggest that acupuncture may influence the
of the MGBA by modulating
neurotransmitters and cytokines, thereby treating insomnia.

neuroendocrine  pathways

Stimulation of specific acupuncture points can also activate the
vagus nerve (Li et al., 2022), thereby balancing the activity of the
sympathetic and parasympathetic nervous systems, reducing the
body’s stress response, promoting physical and mental relaxation, and
improving sleep onset and quality.

The research conducted by Liu et al. (2020) suggests that auricular
acupuncture can alleviate depressive symptoms, such as anxiety,
cognitive impairment, and sleep disturbances, by activating the vagus
nerve. Rong et al. (2016) confirmed through clinical trials that
transcutaneous auricular vagus nerve stimulation can significantly
improve depressive symptoms in patients. These studies indicate that
acupuncture may treat insomnia by stimulating the vagus nerve,
thereby affecting the autonomic nervous pathways of the MGBA.

By stimulating specific acupoints, acupuncture can regulate the
activity of immune cells in the gastrointestinal tract, reduce the levels
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of immune factors such as IL-1 and TNF-a, and alleviate sleep
disturbances caused by immune responses, thereby helping to restore
normal sleep patterns.

Jinfeng et al. (2008) and Yanli and Xianfeng (2012) demonstrated
through animal experiments that acupuncture can increase the levels
of IL-1p and TNF-a in the hypothalamus of insomnia rat models,
confirming that acupuncture can participate in the sleep regulation
process by modulating the immune system. Zhao et al. (2008) showed
through animal experiments that electroacupuncture can influence
the synthesis and release of IL-1f§, IL-6, and TNF-a in the
hypothalamus, thereby improving the sleep state of rats. Shuangshuang
(2013) demonstrated through clinical trials that the mechanism by
which acupuncture combined with massage improves sleep quality is
related to increasing TNF-o levels and decreasing IL-6 levels. These
studies suggest that acupuncture may treat insomnia by regulating
immune factors and thereby influencing the immune pathways of
the MGBA.

In conclusion, acupuncture, as a safe and effective treatment
method, improves sleep quality by influencing MGBA communication
through various pathways. In addition to regulating metabolites,
neurotransmitters, immune function, and the autonomic nervous
system, acupuncture can also promote blood circulation, improve
cerebral blood flow, and increase oxygen supply to the brain, thereby
enhancing sleep quality. Moreover, acupuncture can alleviate
emotional issues such as anxiety and depression, reduce physical and
mental stress, and help improve insomnia symptoms such as difficulty
falling asleep and frequent waking.

4.3 Acupuncture intervention

In clinical practice, acupuncture has been widely used in the
treatment of insomnia. However, there is no standardized protocol for
acupuncture prescriptions for insomnia, and it remains in the
exploratory stage of operational standardization. Based on the
microbiota-gut-brain axis and existing evidence-based medicine
(Liang et al., 2022), we believe that the primary acupuncture points
for treating insomnia are Baihui (DU20), Shenting (DU24), Shenmen
(HT7), Neiguan (PC6), Zhongwan (RN12), Zusanli (ST36), and
Sanyinjiao (SP6) (Figure 2).

Baihui (DU20) is located on the head and belongs to the Du
meridian. It is the point where all meridians converge, allowing the
energy from various meridians to gather and permeate the entire
body. Acupuncture at Baihui (DU20) has the effect of regulating the
body’s yin-yang balance and improving brain function. Modern
medicine suggests (Ran et al., 2019) that acupuncture at Baihui
(DU20) can maintain the normal sleep-wake cycle rhythm by
activating the hypothalamic region and increasing signals in the
temporal lobe.

Shenting (DU24) is a meeting point of the Du meridian, Stomach
meridian of Foot-Yangming, and Bladder meridian of Foot-Taiyang,
where the yang energy of the Du meridian gathers. Acupuncture at
Shenting (DU24) can regulate the inflow and outflow of yang energy,
balancing it with yin energy. Experiments have shown (Yuanzheng
et al.,, 2021) that electroacupuncture at the Baihui (DU20)-Shenting
(DU24) point combination can alleviate autonomic nervous system
and neurotransmitter levels, thereby

dysfunction regulate

improving insomnia.
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Shenmen (HT7), the original point of the Heart meridian, serves
as the portal for heart energy. Acupuncture at Shenmen (HT7) has the
effect of calming the mind and nourishing heart energy. Research (Hui
etal, 2011) found that acupuncture at Shenmen (HT7) can improve
sleep by regulating the levels of 5-HT in the brain.

Zhongwan (RN12) is located on the abdomen and is the alarm
point of the Stomach as well as the meeting point of the bowels,
belonging to the Ren meridian. Acupuncture at Zhongwan (RN12)
has the effect of harmonizing the stomach and treating all
visceral diseases.

Zusanli (ST36) is the He-Sea point of the Stomach meridian of
Foot-Yangming and the lower He-Sea point of the Stomach.
Acupuncture at Zusanli (ST36) has the function of tonifying the
spleen and harmonizing the stomach. Research by Peihong (2018) and
others found that acupuncture at Zhongwan (RN12) and Zusanli
(ST36) can significantly reduce plasma somatostatin levels and
increase hypothalamic GABA levels, improving sleep disorders and
thereby enhancing the quality of life for patients.

Neiguan (PC6) is the Luo-Connecting point of the Pericardium
meridian. Ancient physicians believed that the pericardium could “act
on behalf of the heart to receive pathogens” and is good at opening the
chest and regulating qi. Acupuncture at Neiguan (PC6) can expel
pathogens and regulate sleep. Fajun et al. (2020) and others confirmed
that acupuncture at Zusanli (ST36), Neiguan (PC6), and Zhongwan
(RN12) points can significantly improve serum 5-HT levels in
insomnia patients, thereby improving sleep quality and maintaining
long-term therapeutic effects.

Sanyinjiao (SP6) is the meeting point of the meridians of the
Spleen, Kidney, and Liver. It can regulate the body’s yin and yang,
allowing “yang to enter yin,” and improve insomnia symptoms by
strengthening the spleen and stomach, regulating the liver, and
nourishing the kidney. Research has found (Zhongwen et al., 2022)
that acupuncture at Sanyinjiao (SP6) can increase the levels of serum
GABA and 5-HT in the body, thereby improving sleep and enhancing
sleep quality.

5 Discussion

From the above discussion, it is evident that insomnia is a
complex sleep disorder involving dysregulation across multiple
systems, including the nervous, endocrine, and immune systems. In
recent years, the MGBA has emerged as a novel research field,
providing new insights into the pathogenesis of insomnia.
Acupuncture, as a traditional Chinese medical therapy, has
demonstrated significant efficacy in the treatment of insomnia, and
its mechanisms of action have gradually become a focal point of
research. Acupuncture may treat insomnia by influencing the MGBA
through the regulation of gut microbiota, neurotransmitters, certain
hormones, the autonomic nervous system, and inflammatory factors.
However, there are still many limitations and challenges at this stage.
For instance, the connection between theory and clinical practice is
not sufficiently strong. Acupuncture prescriptions for insomnia are
varied and often depend on the clinical experience of practitioners,
lacking experimental data to validate their scientific basis and
feasibility. Additionally, while the feasibility of acupuncture for
treating insomnia has been confirmed, the theoretical support for
MGBA within traditional Chinese medicine is relatively weak, and
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FIGURE 2
The mechanism of acupuncture intervention in the MGBA for the treatment of insomnia. This figure illustrates that acupuncture at Baihui (DU20),
Shenting (DU24), Zhongwan (RN12), Neiguan (PC6), Shenmen (HT7), Zusanli (ST36), and Sanyinjiao (SP6) can regulate the gut microbiota,
neurotransmitters, autonomic nervous system, and immune factors to improve insomnia.

there is limited research on the mechanisms by which acupuncture
treats insomnia through the MGBA. Future research should further
integrate basic science with clinical practice to explore the specific
regulatory mechanisms of MGBA in insomnia and evaluate the
effectiveness and safety of interventions such as acupuncture. This
approach will not only deepen the understanding of the
pathophysiological mechanisms of insomnia but also potentially lead
to the development of more innovative and personalized treatment
strategies to address this complex sleep disorder.

In summary, the MGBA offers a new perspective for
comprehensively understanding the pathological mechanisms of
insomnia, while also providing a scientific foundation for exploring
the mechanisms of external therapies, such as acupuncture, in
treating insomnia. Therefore, in-depth research on the relationship
between MGBA and insomnia, as well as the specific mechanisms of
acupuncture in the treatment of insomnia, holds significant practical
importance for optimizing clinical treatment strategies. Although
current research findings are limited, the field holds vast potential
and is worthy of further exploration. With the continuous application
of new technologies and theories, such as microbiomics and
metagenomics, research on the relationship between the MGBA and
insomnia is expected to deepen, leading to more comprehensive
results. These advancements could provide innovative treatment
methods for clinical practice and potentially open new avenues for
the treatment of various diseases.
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