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Abstract: Stroke has emerged as the second leading cause of mortality. Insomnia after stroke is a highly prevalent complication of 
stroke with a complex mechanism, impacting daily activities and hindering neurological function rehabilitation while also increasing 
the risk of stroke recurrence. With the development of molecular biology, intestinal flora has garnered considerable interest in the past 
few years because of its significant implications for human physiology and pathology. Numerous studies have emphasized the crucial 
function of intestinal flora in the pathological changes associated with insomnia after stroke. It can influence sleep patterns following a 
stroke by modulating various pathways, including the hypothalamic-pituitary-adrenal (HPA) axis, immune responses, and neural 
mechanisms. Disruption of intestinal flora can adversely affect post-stroke sleep quality, while sleep after stroke can also lead to 
intestinal flora imbalance. Based on the intestinal flora, this paper explores the involvement of hypothalamic-pituitary-adrenal axis 
(HPA axis), immune pathway and neural pathway in insomnia after stroke, aiming to offer insights for the prevention, treatment, and 
research of post-stroke insomnia. 
Keywords: intestinal flora, stroke, insomnia, insomnia after stroke, mechanism

Introduction
Stroke, also known as a cerebrovascular accident, is a prevalent cerebrovascular disease. It has emerged as a significant 
global health concern due to the increasing incidence of stroke resulting from the aging population. Currently, stroke 
ranks as the second leading cause of mortality and the third most common cause of impairment.1 Stroke patients often 
experience a range of sequelae, such as physical activity disorders, psychological disorders and so on. These conditions 
significantly impact the well-being and daily life of patients, placing immense pressure on both the individuals affected, 
their families, and society as a whole. Insomnia following a stroke is characterized by a decline in the quality of sleep or 
the presence of sleep disorders after experiencing a stroke. It is a common complication, with studies indicating that the 
prevalence of insomnia following a stroke ranges from 38.2% to 40.7%.2 This not only impacts the neurological 
rehabilitation process of patients but also increases the risk of recurrent strokes,3 leading to lasting negative effects on 
future quality of life. Research has shown that approximately 12–18% of stroke survivors experience disruptions in their 
daily activities due to insomnia.4 The etiology of post-stroke insomnia remains unclear and is believed to be associated 
with local brain damage, neurological dysfunction, psychological factors, gender, and other related factors. Recent 
studies have indicated that the majority of anatomical components involved in regulating sleep mechanisms are situated 
in the hypothalamus and brain stem. Damage to these areas may disrupt the sleep-wake cycle system, potentially leading 
to post-stroke insomnia. Additionally, a decrease in the sleep cycle among stroke patients may also be linked to damage 
in the medial part of the pons tectum. The brain stem has been reported as having the highest incidence of insomnia 
following brain injury, while the cerebellum has shown the lowest.5 Furthermore, it has been observed that individuals 
who have suffered a right hemisphere stroke experience more instances of insomnia compared to those with left 
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hemisphere strokes.6 Neurological dysfunction leads to abnormal release and metabolism of neurotransmitters, which 
significantly contributes to post-stroke insomnia. Damage to brain tissue disrupts the secretion system of neurotransmit-
ters related to sleep, such as glutamate (Glu), 5-hydroxytryptamine (5-HT), gamma-aminobutyric acid (GABA), 
acetylcholine (Ach), norepinephrine (NE) and dopamine (DA). This imbalance in the sleep-wake system results in 
insomnia.7 After a stroke, patients experience a decrease in self-care ability and changes in social status, which can easily 
lead to anxiety, depression, and other adverse psychological emotions that also contribute to insomnia.8 Studies indicate 
that women have a higher incidence of insomnia than men among stroke patients.9 Additionally, physical activity 
disorders, personality changes, speech disorders, and environmental factors are independent risk factors for insomnia in 
stroke patients.7 With the continuous advancement of molecular biology, the study of intestinal flora has emerged as a 
prominent research focus in recent years. It has become a new target for the prevention and treatment of numerous 
diseases. Intestinal flora, a complex and vast microbiota symbiotic with the human body, Plays an essential part in 
maintaining overall health. Disruption of the intestinal flora not only triggers related gastrointestinal reactions but also 
leads to pathological changes within the body.10 Furthermore, it is worth noting that intestinal flora significantly 
influences the development of insomnia following a stroke, while insomnia after stroke can also contribute to dis-
turbances in intestinal flora (Figure 1).11 This article provides an overview of the mechanisms underlying post-stroke 
insomnia based on intestinal flora, aiming to establish a foundation for disease prevention and treatment strategies.

The Correlation Between Gut Microbiota and the Incidence of Stroke and 
Insomnia
Intestinal flora is a broad term referring to a diverse array of symbiotic microbial communities within the human intestinal 
tract, which is both dynamic and complex. The human intestinal tract is colonized by over 1000 different types of bacteria, 
amounting to a total of 100 trillion.12 Intestinal microorganisms outnumber human cells by a significant margin, containing 
approximately 100 times the number of genes found in the human genome. As such, intestinal microorganisms are often 

Figure 1 This Figure illustrates the role of intestinal flora in insomnia following a stroke. Intestinal flora can influence the HPA axis, immune pathways, and neural pathways, 
among other mechanisms, thereby affecting the development of insomnia post-stroke. Moreover, dysbiosis of intestinal flora interacts reciprocally with both stroke and 
insomnia, potentially leading to a vicious cycle. The arrows indicate the direction of influence or causality.
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referred to as the “second genome” or “second brain” of the human body. The main constituents of intestinal flora include 
Firmicutes, Proteobacteria, Bacteroidetes, Verrucomicrobiales and Actinobacteria. Among these, Bacteroidetes and 
Firmicutes are predominant in the human body, collectively accounting for more than 90% of intestinal bacteria in healthy 
individuals.13 According to the role of intestinal flora, it can be categorized into three groups: harmful bacteria (such as Proteus 
and Staphylococcus), beneficial bacteria (including Lactobacillus, Bifidobacterium, and Bacteroides), and opportunistic 
pathogens (such as Escherichia coli, Staphylococcus, and Streptococcus). The balance between pathogenic and non-patho-
genic microorganisms in the gut is crucial for maintaining human health. Intestinal flora produces a range of metabolites while 
participating in the regulation of various bodily functions, collectively Reestablishing the balance of the entire gut microbiota 
to maintain homeostasis. When a specific flora is imbalanced, it not only leads to related intestinal reactions but also causes 
pathological changes in the body.10 After a stroke, there are dynamic changes in both the diversity and abundance of gut 
microbiota as well as in the concentrations of metabolic compounds.14 Studies have identified that an imbalance in intestinal 
flora independently contributes to the risk of having a stroke,15 with this imbalance exacerbating stroke outcomes.16 

Furthermore, a large number of animal experiments and clinical studies have shown that intestinal flora and its metabolites 
—particularly short-chain fatty acids (SCFA)—can regulate GABA, Brain-derived neurotrophic factor (BDNF), microglia, 
and adaptive immune cells. This regulation enhances neural network plasticity while reducing nerve inflammation; promoting 
nerve function repair; ultimately improving patient prognosis.17,18 Insomnia is closely linked to the composition of intestinal 
flora. Liu et al found that patients with insomnia experienced a notable reduction in the variety and amount of gut bacteria. 
Additionally, it has been observed that the richness and abundance of intestinal flora are linked to improved sleep efficiency 
and longer total sleep duration, as well as a reduction in sleep disruption (WASO). The structure of Firmicutes and 
Bacteroidetes in individuals with insomnia has been found to undergo significant changes, with the abundance of 
Bacteroidetes and Firmicutes is positively associated with the effectiveness of sleep. These findings provide a theoretical 
basis for targeting intestinal flora as a potential treatment for insomnia.19 Furthermore, Zhao et al discovered that long-term 
circadian rhythm disorders led to damage in the intestinal epithelial barrier of rats, resulting in increased intestinal permeability 
and subsequent alterations in the structure and composition of their intestinal flora.20 Through 16S rDNA gene sequencing, 
Liu et al also revealed that compared to the normal group, individuals within the insomnia group exhibited lower diversity 
within their intestinal flora. Moreover, both α and β diversity within this group underwent significant changes, along with 
statistically significant differences in relative abundance.21 Intestinal flora is closely associated with circadian rhythm, sleep 
disorders, and mental fatigue. Restoring intestinal flora homeostasis can lead to improved sleep quality and prolonged sleep 
duration.22 Fecal Microbiota Transplantation (FMT) has been found to increase the number of Bacteroidetes and butyrate- 
producing bacteria, while decreasing the number of Firmicutes. This significantly enhances the sleep quality of patients.23 

Studies have demonstrated that by influencing histone deacetylase activity, intestinal flora can further regulate the expression 
of genes related to metabolism and impact food intake, thus stabilizing and adjusting the circadian rhythm.24 Continuous 
broad-spectrum antibiotic treatment in inflammatory mouse models not only reduced their intestinal flora but also significantly 
decreased non-REM sleep time while increasing REM sleep time.25 There is a strong correlation between intestinal flora 
imbalance and post-stroke insomnia. Studies have found that patients with post-stroke insomnia exhibit obvious intestinal 
flora imbalance and a higher number of harmful flora compared to healthy adults.14 Grosicki et al found that Bacteroidetes was 
the predominant group in the insomnia group, whereas Firmicutes and Proteobacteria were more abundant in the normal 
group. The ratio of F/B was negatively correlated with the Pittsburgh Sleep Quality Index (PSQI) score, indicating that lower 
F/B ratios were associated with higher PSQI scores. In other words, poorer sleep quality may be influenced by the flora under 
Bacteroidetes and Firmicutes through their regulation of food intake and circadian rhythm.26 Short-chain fatty acids, 
particularly butyrate which are metabolites of intestinal microorganisms, play a significant role in sleep. Increased butyrate 
concentration in mice led to longer sleep duration and decreased sleep latency.27 Intestinal microbial disorders in post-stroke 
patients, such as significant reductions in butyrate-producing bacteria like Clostridium, Ackermann, and Staphylococcus, 
result in a notable increase in the incidence of sleep problems.14 Yu et al found that warm needling can improve levels of 
intestinal microflora and serum metabolites while significantly increasing butyrate content in feces, thereby improving post- 
stroke insomnia.28
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The Intestinal Microflora Plays a Role in the Mechanism of Post-Stroke 
Insomnia
Hypothalamic-Pituitary-Adrenal Axis (HPA Axis)
The HPA axis is a critical component of the neuroendocrine system and plays a significant role in the gut-brain axis. It 
regulates sleep, mood, and the immune system, serving as the core mechanism for stress response. Dysfunction of this 
system can lead to insomnia due to its inhibition during sleep. Increased secretion of ACTH and cortisol from the HPA 
axis has been associated with insomnia. In a study on foreign subjects, it was found that under stress, the HPA axis 
becomes activated and stimulates amygdala tissue in the brain. This stimulation promotes the release of Corticotropin 
Releasing Hormone (CRH) from the hypothalamus, which then triggers the anterior pituitary to release ACTH. 
Subsequently, ACTH stimulates the adrenal gland to release cortisol, leading to increased sympathetic excitability and 
arousal that can cause insomnia.29 Ehichioya et al conducted research on offspring mice from pregnant rats at different 
stages of pregnancy to study how sleep deprivation affects their HPA axis function. The results showed that maternal 
sleep deprivation impacted offspring mice’s HPA axis function and altered corticosterone levels in these mice while 
inhibiting glucocorticoid receptor expression in their hippocampus.30 The HPA axis is controlled by a mechanism of 
negative feedback, where cortisol hinders the release of ACTH and additionally reduces CRH secretion, resulting in 
overall inhibition of the HPA axis system.31 After experiencing a stroke, there is an excessive activation of the HPA axis, 
leading to impaired negative feedback mechanisms and an inability to maintain balance. This results in excessive 
production and accumulation of cortisol.32 Cortisol is a common metabolite in the HPA axis and plays an essential 
part in the regulation of internal balance. Prolonged high levels of cortisol not only promote wakefulness but also lead to 
neurotoxicity and an increased risk of complications following a stroke.33 A study has shown that serum cortisol levels in 
patients with chronic insomnia are positively correlated with spatial working memory (SWM) scores and Pittsburgh 
Sleep Quality Index (PSQI) scores (P < 0.05).34 The interaction between intestinal flora and the HPA axis is significant. 
Changes in intestinal microorganisms can impact the HPA axis by modifying neurotransmitter-related neuro-endocrine 
signaling pathways or inflammatory response. Conversely, activation of the HPA axis can affect gastrointestinal function, 
leading to alterations to the composition of intestinal flora.35 Wu et al found that specific intestinal microorganisms can 
inhibit the activation of the HPA axis and reduce corticosterone levels.36 Short Chain Fatty Acids (SCFA), a metabolite of 
intestinal flora, have been shown to enhance the physiological function of the blood-brain barrier in germ-free mice, 
suppress HPA axis reactions, and promote sleep. Tan et al observed a notable decrease in SCFA-producing bacteria in 
stroke patients’ intestines and significantly lower SCFA levels in their blood compared to healthy controls.37 This 
suggests that disturbances in SCFA-producing flora may be a crucial factor contributing to sleep disorders after a 
stroke.38 In conclusion, insomnia is associated with hyperfunctioning of the HPA axis, with intestinal flora playing a 
central role in its regulation. The disruption of intestinal flora following a stroke leads to HPA axis activation and 
insomnia; conversely, insomnia can also disrupt intestinal flora, creating a vicious cycle.

Immune Pathway
The gastrointestinal tract is the most densely populated gathering place of immune cells in the human body and serves as the 
largest immune organ. The diversity of intestinal flora directly impacts the stability of immune function, with the establish-
ment and maintenance of intestinal flora homeostasis playing a crucial role in shaping, developing, and regulating the immune 
system.39 Intestinal flora has the ability to stimulate immune cells to release relevant immune factors, thereby exerting specific 
effects on the body. As an organ with the largest contact surface between the human body and external environment, it is 
imperative for the intestinal tract to maintain a complete barrier in order to uphold intestinal homeostasis and prevent diseases. 
The biological mechanical barrier of the intestinal tract is formed by both intestinal flora and mucosal cells, effectively 
preventing invasion by bacteria and viruses. Following a stroke or disruption of circadian rhythm, there may be a disturbance 
in intestinal flora leading to decreased relative abundance of normal microbiota, resulting in impaired intestinal barrier 
function40 and increased permeability of epithelial cell membranes within the intestine. To further reduce the clearance rate of 
intestinal flora and bacteria in the bloodstream, intestinal pathogens may exit the intestinal tract and enter the bloodstream, 
triggering an immune response. This process can impact levels of inflammatory factors such as interferon-γ(IFN-γ), 
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interleukin-6 (IL-6), C-reactive protein (CRP), interleukin-1(IL-1), nuclear factor-κB (NF-κB) and tumor necrosis factor-α 
(TNF-α), and disrupt the normal sleep-wake cycle.41 It may also be associated with inhibition of the vagus nerve caused by 
these inflammatory factors.42 Wu et al found that levels of IL-6, IL-1β and TNF-α in the hypothalamus were lower in an 
insomnia model compared to a control group. After electroacupuncture treatment at various frequencies, IL-6, IL-1β and TNF- 
α content in the hypothalamus significantly increased compared to those in the model group.43 Huang et al studied changes in 
sleep time, IL-25 and TNF-α contents in serum and hippocampus of insomnia rats as well as gastric mucosa injury rats through 
acupuncture. The results showed that sleep time, IL-25 and TNF-α contents increased in serum and hippocampus of insomnia 
rats. Sleep time was shortened for insomnia rats with gastric mucosal injury while inflammatory cytokine content decreased 
indirectly indicating a relationship between gastrointestinal health, inflammation cytokines, and insomnia. Furthermore, these 
three cytokines are closely linked to activation of gastrointestinal immune cells as well as stimulation from metabolites 
produced by intestinal flora. Sleep can influence immune system stability leading to enhanced expression of pro-inflammatory 
cytokines. Therefore, it is evident that there is an interaction between insomnia, intestinal flora homeostasis, and pro- 
inflammatory cytokine expression.44 Studies have indicated that an increase in the proliferation of Aeromonas can trigger 
an inflammatory response, a reduction in the level of butyric acid (a metabolite of flora), and a decrease in melatonin, leading 
to abnormal sleep patterns.45 In the brain and spinal cord, which make up the central nervous system, there are immune cells 
called microglia that are spread throughout. These cells have the ability to promptly react to various stimuli by continuously 
monitoring and detecting changes in the surrounding environment.46 After experiencing a stroke, gut microbiota plays a 
crucial role in protecting the brain primarily through endogenous aromatic hydrocarbon receptor (AHR) ligands and short- 
chain fatty acids (SCFAs), which contribute to activating microglia.47 Intestinal flora can also influence the activity of 
microglia through the blood-brain barrier, resulting in disruptions to the rhythmicity of sleep patterns.48 Disorders in circadian 
rhythms can lead to decreased levels of lactobacilli, increased microglial activity, and activated immune responses.49 Hence, it 
is clear that a reciprocal connection can be observed between the gut microbiota, the immune system of the host, and the 
occurrence of insomnia. Intestinal flora can impact sleep through immune and inflammatory pathways. Conversely, insomnia 
can affect intestinal flora through immune responses and inflammatory pathways caused by microglia. This may result in a 
vicious cycle effect.

Neural Pathways
Neurotransmitters
The intestinal flora plays an essential role as the primary producer of numerous neurotransmitters, with over 90% of brain 
neurotransmitters being primarily synthesized in the human intestine.50 The gut microbiota interacts with the nervous 
system by influencing various neurotransmitters and plays a role in the regulation of sleep. For example, dopamine (DA) 
is produced by Bacillus, Serratia, and Escherichia coli; gamma-aminobutyric acid (GABA) is synthesized by lactic acid 
bacteria, Escherichia coli, Bifidobacterium, and Pseudomonas; Norepinephrine (NE) is produced by yeasts and Bacillus; 
Candida, Escherichia coli, Bifidobacterium infantis, Streptococcus, Enterococcus, and Lactobacillus bulgaricus are 
involved in the synthesis of 5-hydroxytryptamine (5-HT).16 Insomnia is associated with the levels of 5-HT, GABA, 
DA, NE, melatonin (MT), and other neurotransmitters. Studies have found that plasma levels of 5-HT, GABA, DA, ACH 
and NE in patients with insomnia after craniocerebral injury are significantly lower than those in patients with primary 
insomnia, and the difference is statistically significant (P < 0.05).51 The vagus nerve plays an essential role in the 
bidirectional regulation between the gut and the brain, with 90% of its extension from the gut to the brain.52 It has also 
been found that intestinal flora or its metabolites can directly impact the functional synapses of primary afferent neurons 
in the enteric nervous system. This action then sends signals to vagal afferents to either excite or inhibit corresponding 
neurons in the central nervous system for sleep regulation.53 Studies have shown that transcutaneous vagus nerve 
stimulation can effectively treat primary insomnia by modulating neurotransmitter concentrations such as GABA, NE, 
and 5-HT, thereby participating in sleep regulation.54 Furthermore, after 4 weeks of percutaneous vagal nerve stimulation 
treatment, patients with insomnia showed significantly decreased PSQI scores, with statistically significant differences. 
Polysomnographic data also indicated reduced time to fall asleep and increased duration of slow-wave sleep, demon-
strating that transcutaneous vagal stimulation can effectively treat insomnia.54 5-HT plays a crucial role in the regulation 
of sleep-wake cycles. It is released from nerve axon terminals and subsequently influences the synthesis of substances 
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related to sleep within the brain. Approximately 90% of 5-HT is produced in the gut, particularly in enterochromaffin 
cells,55 and it is influenced by intestinal flora and its metabolites such as short-chain fatty acids and spore-producing 
bacteria.56 Imbalance of intestinal flora after a stroke can lead to impaired intestinal endothelial cell function which 
affects normal production of 5-HT resulting in reduced sleep quality. Research conducted by Hou et al has demonstrated 
that acupuncture can regulate intestinal flora, impact serum and central 5-HT content, and improve sleep.57 Additionally, 
5-HT serves as a precursor to melatonin which can be converted into melatonin at night to help reduce sleep latency. 
There exists a negative feedback regulation system involving “5-HT-melatonin” for gastrointestinal motility regulation. 
Studies have shown that intraperitoneal injection of physiological doses of melatonin in rats can stimulate the central 
nervous system to secrete 5-HT. Conversely, injection of physiological doses of 5-HT can increase melatonin levels in the 
central and gastrointestinal tract. It has been observed that these two substances antagonize each other at the level of 
melatonin receptor and 5-HT receptor.58 Melatonin (MT) is a hormone released by the pineal gland that acts as a 
neurotransmitter, with various properties such as regulating circadian rhythm and possessing anti-inflammatory effects.59 

Its secretion increases at night, inhibits the HPA axis, reduces cortisol concentration during human activities and stress to 
improve sleep quality, and maintains wakefulness by reducing secretion during the day. This plays a essential role in 
regulating the body’s sleep-wake mechanism.60 Additionally, MT has been found to decrease the size of infarcts, relieve 
brain swelling, enhance neurological function, and maintain the integrity of the blood-brain barrier in mice with stroke.61 

Research suggests that MT is closely linked to intestinal microorganisms and their metabolism; indeed, a significant 
amount of MT can be synthesized and secreted by the gastrointestinal tract. Disruptions in intestinal flora may lead to 
changes in MT levels due to their interaction with one another.62 ENKHMURUN C discovered that melatonin (MT) has 
the potential to reverse the expression of pro-inflammatory cytokines, such as interleukin-6 (IL-6), tumor necrosis factor- 
α (TNF-α), and interleukin-1β (IL-1β) induced by lipopolysaccharide (LPS). This is achieved by inhibiting neuroin-
flammation mediated by BV-2 microglia activation. These findings indicate that MT may hold potential as an effective 
treatment for post-stroke insomnia.63 Gamma-Aminobutyric acid (GABA) is predominantly present in the brain and 
arousal-related systems, serving as the predominant inhibitory neurotransmitter in the nervous system. By binding to 
corresponding ion channels, GABA can inhibit the release of abnormal brain waves and prevent neurons from becoming 
overexcited, thereby aiding in promoting sleep.27 GABA produced by the intestinal flora may have direct effects on the 
central nervous system (CNS) through vagal nerve transmission, thereby influencing sleep.64 Additionally, GABA plays 
a role in maintaining gastrointestinal tract homeostasis by regulating gut microbiota, indicating a close relationship 
between intestinal microorganisms and circulating GABA levels.65 Furthermore, chronic antibiotic treatment has been 
shown to increase the content of inhibitory neurotransmitters glycine and GABA in the intestinal tract of inflamed mice, 
leading to significant changes in their sleep/wake cycle.66 Research has demonstrated that GABA can inhibit glutamate- 
mediated excitatory neurotoxicity and promote functional recovery after stroke by regulating the mechanism of long-term 
potentiation of damaged neurons.67 DA is primarily derived from the nigrostriatal and mesolimbic systems. The 
nigrostriatal pathway releases DA to facilitate sleep, whereas the limbic system releases DA to promote wakefulness. 
DA acts on neurons expressing dopamine receptor D2 in the basolateral amygdala, thereby inducing the transition from 
non-rapid eye movement (NREM) sleep to rapid eye movement (REM) sleep.68 Liu et al discovered that mice lacking 
dopamine receptors exhibit varying degrees of differences in their intestinal flora composition at various taxonomic 
levels compared to normal control mice. This suggests that dopamine receptor deficiency can lead to dysbiosis in mouse 
gut microbiota.69

Brain-Derived Neurotrophic Factor
BDNF is the neurotrophic factor that is most commonly found in the human brain, promoting and sustaining the growth 
and development of various neurons, particularly 5-HT and dopaminergic neurons. It can enhance the morphology of 
neurons in the brain and plays an essential role in sleep homeostasis.70 In patients with insomnia, BDNF levels in 
peripheral blood may be reduced to varying degrees, showing a negative correlation with the severity of insomnia.71 

Following a stroke, BDNF can facilitate neural function repair by modulating intestinal flora.72 Changes in intestinal flora 
can impact BDNF expression; an imbalance or increase of harmful bacteria may lead to decreased BDNF levels, 
affecting neuronal activity, especially hippocampal neurons. Probiotics within the flora, such as Bifidobacterium, have 

https://doi.org/10.2147/IJGM.S488714                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2024:17 5498

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


been shown to increase BDNF expression,73 leading to significant improvement in serum BDNF levels following 
probiotic supplementation.74 Research has shown that Jiawei Jiaotai Pill can effectively mitigate abnormal activation 
of the BDNF/TrkB pathway, improve intestinal flora structure and composition in rats, promote beneficial bacteria 
production, and enhance sleep quality.75

Conclusion
The extensive and complex microbiota of the intestines, which symbiotically interacts with the human body, is essential 
for maintaining overall health. Disruption of the intestinal flora not only leads to related gastrointestinal issues but also 
triggers various pathological changes throughout the body. The relationship between intestinal flora and post-stroke 
insomnia is closely intertwined. Intestinal flora can impact the onset and progression of post-stroke insomnia by 
influencing the HPA axis, immune pathways, neural pathways, and other mechanisms. The imbalance of intestinal 
flora, stroke, and insomnia interact in a manner that easily perpetuates a vicious cycle. Therefore, an in-depth exploration 
of intestinal flora holds promise for identifying new targets for preventing and treating post-stroke insomnia. In the past 
few years, there has been notable advancement in comprehending the various pathways through which gut flora 
influences the onset of insomnia following a stroke. However, there remains a lack of direct research into the mechanisms 
linking post-stroke insomnia with imbalances in intestinal flora; thus further clarification is needed on their relationship. 
Currently, numerous studies on the relationship between flora and disease rely on animal models, which may not 
accurately reflect human flora due to its diverse and complex nature. The interaction between flora is common, thus 
necessitating more clinical observations for verification. In modern society, psychological pressure often leads to mental 
and emotional problems such as insomnia after stroke. Nevertheless, there is a shortage of clinical research on the 
influence of intestinal flora on post-stroke insomnia with psychological issues. At present, significant progress has been 
made in establishing diagnostic criteria for insomnia and models for assessing and predicting sleep quality based on the 
composition and diversity of gut microbiota. These advancements aim to prevent and enhance the treatment of post- 
stroke insomnia. Probiotics, fecal microbial transplantation, and other therapeutic approaches have demonstrated 
efficacy; however, they have primarily been tested in small sample trials and are not yet widely implemented. With 
the increasing sophistication of metagenomic sequencing techniques, including 16S rRNA amplicon sequencing, more 
opportunities arise for investigating the relationship between intestinal flora and post-stroke insomnia. We believe that 
future laboratory and clinical studies should be conducted to validate existing evidence regarding this relationship. It is 
essential to fully explore the role of gut microbiota in the prevention, diagnosis, and treatment of post-stroke insomnia. 
We hope that these findings will provide valuable insights for researchers pursuing similar avenues of inquiry.
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