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With the proposal of the "biological-psychological-social” model, clinical
decision-makers and researchers have paid more attention to the bidirectional
interactive effects between psychological factors and diseases. The brain-gut-
microbiota axis, as an important pathway for communication between the brain
and the gut, plays an important role in the occurrence and development of
inflammatory bowel disease. This article reviews the mechanism by which
psychological disorders mediate inflammatory bowel disease by affecting the
brain-gut-microbiota axis. Research progress on inflammatory bowel disease
causing “comorbidities of mind and body” through the microbiota-gut-brain axis
is also described. In addition, to meet the needs of individualized treatment, this
article describes some nontraditional and easily overlooked treatment strategies
that have led to new ideas for “psychosomatic treatment”.

KEYWORDS

inflammatory bowel disease, psychological disorders, comorbidities of mind and body,
brain-gut-microbiota axis, treatment strategy

1 Introduction

Inflammatory bowel disease (IBD) is a type of chronic recurrent inflammation of the
intestine that involves abnormal immune responses. The main types of IBD are ulcerative colitis
(UC) and Crohn’s disease (CD) (1). The causes of IBD onset are complex, with multiple factors
such as nerves, the endocrine system, immunity, gut microbiota, and psychological factors,
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being involved (2). Since the beginning of the 21st century, IBD has
become a global public health problem. According to statistical data
(3), it is expected that by 2025, the number of IBD patients in China
will reach 1.5 million. This estimate is consistent with years of research
experience, that is, with socioeconomic development, the incidence rate
of IBD will increase annually (4).

The pathogenesis of IBD has not yet been fully elucidated. Studies
have shown that environmental factors and psychological stress may be
key factors affecting the course of IBD (5, 6). Recently, the bidirectional
relationship between psychological stress and inflammatory activity has
received considerable attention (7). An increasing number of IBD
patients have psychosomatic comorbidities, which is mainly reflected
in the fact that acute and chronic psychological stress can increase the
incidence of IBD, and depression and anxiety are easily comorbid
during and after the disease, which seriously affects the quality of life
(QOL) of patients (8). A systematic review showed that the prevalence
of depression and anxiety in IBD patients was 15% and 20%,
respectively (9). Meta-analysis shows that IBD patients have a higher
prevalence of anxiety and depression symptoms, with about one-third
of patients affected by anxiety symptoms and a quarter affected by
depression symptoms. Additionally, the prevalence of anxiety or
depression symptoms in active IBD patients is higher than that in
non-active disease patients (10). Studies have shown that depressed
patients with gastrointestinal symptoms are more likely to develop IBD
in the future than individuals with gastrointestinal discomfort alone,
and the severity of perceived stress and mental symptoms increases the
risk of IBD recurrence (11, 12). The incidence of depression in patients
was greater than that in the control population (without IBD) 5 years
before diagnosis (8). Moreover, compared to healthy controls, IBD
patients reported a greater incidence of depression and anxiety (13). A
case-control study involving approximately 12,500 patients showed
significantly higher levels of anxiety and depression compared to the
general population, especially within 12 months after diagnosis of IBD
(14). Despite this evidence, the “comorbidities of mind and body” have
not been fully recognized, and extensive experimental and clinical
research on the mechanism of stress-IBD interactions is still needed.

Recently published research has proposed the concept of the
brain-gut-microbiota axis (BGMA) and its role in the progression of
IBD (15). Research has confirmed that intestinal health is closely
related to psychological disorders (16). The BGMA includes the
neuroendocrine pathway dominated by the hypothalamic pituitary
adrenal axis (HPA), the enteric nervous system (ENS), the autonomic
nervous system (ANS), and the gut microbiota (17). The
communication system between the brain and the gastrointestinal
tract has become an actively researched pathway for understanding
the relationship between psychological disorders and IBD.

2 The stress- brain-gut signaling
pathway -1BD

2.1 Neuroendocrine system

The BGMA is an important bridge that connects the inside and
outside of the body, psychology, and physiology. When the body
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senses stress, the BGMA is activated, and its impact on the
neuroendocrine system is mainly achieved through the HPA axis
and the corticotropin releasing factor (CRF) signaling pathway
(Figure 1) (18). Researchers believe that immune mediated
inflammatory damage may be the key to the occurrence of UC,
and CRF plays a core role in this process (19). CRF is found in both
the intestine and the brain, and is released by macrophages,
intestinal epithelial cells, and immune cells activated by
gastrointestinal and peripheral pathways (20).

Under physiological conditions, adrenal cortical hormones
secreted by the adrenal gland have a negative feedback inhibitory
effect on the HPA axis. However, under chronic stress conditions,
excessive secretion of CRF in the hypothalamus leads to increased
secretion of adrenocorticotropic hormone (ACTH) in the pituitary
gland, ultimately resulting in excessive secretion of adrenal cortical
hormones and dysregulation of the negative feedback mechanism of
the HPA axis. Approximately half of the patients with IBD (54%)
with psychological disorders experienced their first depressive
episode more than 2 years before the onset of IBD (21). The
elevated concentrations of ACTH and cortisol in the serum of
patients with severe depression, as well as the elevated cerebrospinal
fluid levels of CRF, result in sustained hyperfunction of the HPA
axis, significantly promoting colonic motility and increasing
intestinal mucosal permeability, thereby allowing bacteria to cross
the intestinal epithelial barrier to activate the mucosal immune
response and migrate to secondary lymphatic organs (22),
stimulating the innate immune system and exacerbating the
intestinal inflammatory response (23). CRF can also exacerbate
inflammatory reactions by promoting macrophage polarization
(24). The increase in intestinal mucosal permeability caused by
mast cell degranulation is also a key mechanism for promoting the
intestinal inflammatory response (24). When CRF or mast cells are
inhibited, the trend of a worsening intestinal inflammatory
response will be reversed (25, 26). The spasm of gastrointestinal
small vessels caused by the excitation of the HPA axis, the necrosis
of the gastrointestinal mucosa, and the increased susceptibility of
the body to exogenous stress factors caused by the hyperactivity of
the HPA axis are all considered to be reasons for the increased
incidence of IBD due to the abnormal function of the HPA
axis (27).

Researchers have shown that in CRF1 receptor-deficient mice,
the intestinal inflammatory response is significantly reduced, while
in CRF2 receptor-deficient mice, the intestinal inflammatory
response is significantly increased, suggesting that the CRF1
receptor can promote intestinal inflammation and that the CRF2
receptor can inhibit intestinal inflammation (28). The same
research results also confirmed that the use of CRF1 antagonists
can significantly increase vagus nerve (VN) activity and reduce
sympathetic nerve (SN) activity, suggesting that the use of CRF1
antagonists is a potential method for treating IBD caused by ANS
disorders (29). The neuroendocrine system mainly mediates the
intestinal inflammatory response caused by chronic stress, and
recent research has focused mainly on the HPA axis; however,
this axis is affected by various factors and is closely linked to the
ANS and various hormones. The mechanism of action is complex,
and a single study cannot fully reflect its mechanism of action.
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The neural, endocrine, and immune systems in the brain-gut-microbiota axis. A complex bidirectional communication network is constructed
between the brain and the intestine through the brain-gut axis. The neuroendocrine system, immune system, and gut microbiota are its main
components. When the brain senses stress, various systems and pathways are activated, affecting intestinal function by releasing neurotransmitters,
inflammatory factors, and metabolites, and vice versa. [CRFIR, [corticotropin releasing factor] receptor; HPA, hypothalamic-pituitary-adrenal axis;
ACTH, adrenocorticotropic hormone; GC, glucocorticoids; NE, norepinephrine; AD, adrenaline; [IL]-1, 6, 17, [interleukin]-1, 6, 17; TNF-c, tumor
necrosis factor-o; VNS, vagal nervous system; SNS, sympathetic nervous system; Ach, acetylcholine; SP, substance P; 5-HT, 5-hydroxytryptamine;

NPY, neuropeptide YY; ENS, enteric nervous system; DC, dendritic cell.

Therefore, additional large-scale, multicenter human-based clinical
studies are needed to elucidate the specific pathways involved.

For basic researchers, the neuroendocrine system presents a
rich field for exploring the intricate interplay between stress and
gastrointestinal health. The elucidation of the roles played by CRF
and the HPA axis in modulating intestinal inflammation and
immune responses lays a foundational framework for the
identification of potential therapeutic targets that exert
modulatory effects on intestinal inflammation, including CRFI
and CRF2 receptors. For clinicians, this knowledge holds
substantial value. It underscores the potential for the development
of novel therapeutic interventions for IBD and related disorders by
targeting the CRF signaling pathway or modulating the HPA axis.
Furthermore, the delineation of the relationship between
psychological stress and the exacerbation of IBD symptoms
highlights the imperative for integrative treatment modalities.
Such modalities should not only tackle mental health concerns
but also furnish more effective management strategies for patients
suffering from stress-associated gastrointestinal conditions. This
integrative approach could potentially ameliorate the prognosis of
patients afflicted with conditions such as IBD, thereby underscoring
the necessity for a comprehensive understanding of the
neuroendocrine mechanisms underlying stress-related

gastrointestinal pathologies.
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2.2 ENS

The ENS refers to a neural system composed of primary sensory
neurons, intermediate neurons, and motor neurons that regulate
gastrointestinal effects in the gastrointestinal tract. The ENS is
embedded within the intestinal wall and is interconnected with
the intestinal endocrine system, immune system, peripheral
nervous system (PNS), central nervous system (CNS), and gut
microbiota. The ENS releases a large number of
neurotransmitters and neuropeptides, including substance P (SP),
5-hydroxytryptamine (5-HT), somatostatin, vasoactive intestinal
peptide (VIP), glutamate, peptide YY (PYY), etc. (Table 1), which
affect the movement, immunity, and inflammatory response of the
intestine (49, 50). Because of its great similarity to the brain, the
ENS is also known as the second brain.

Elucidating the role of the ENS and its associated
neurotransmitter release within the BGMA is imperative for a
comprehensive understanding of the pathophysiological
mechanisms underpinning gastrointestinal disorders, as well as
their interplay with neural and psychosocial determinants. Recent
investigations in this domain have catalyzed the exploration of
novel therapeutic avenues, specifically through the identification of
targeted molecular interventions. For instance, elucidation of SP
and its interaction with the NK-1 receptor delineates a promising
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TABLE 1 The influence of neurotransmitters released by ENS on the brain-gut axis.

Neurotransmitters

SP (30-34)

5-HT (35-39)

Generation and expression

Multiple brain regions (including the hypothalamus,
amygdala, lateral septum, and bed nucleus of the stria
terminalis), intestinal smooth muscle, intestinal mucosa
and submucosa, and various immune cells

5-HT is a monoamine molecule synthesized from
tryptophan. Central 5-HT accounts for only a small
portion of the total 5-HT in the body, and more than 90%
of 5-HT is located in the gastrointestinal tract, mainly
produced by enterochromaffin cells.

Mechanism

Under stress, SP mainly binds to the non-peptide NK-1 receptor to promote
intestinal inflammation. The production of inflammatory factors further
increases the expression of NK-1 receptors. In addition, SP can also regulate
the release of pro-inflammatory cytokines from adjacent mesenteric
preadipocytes through IL-17, leading to UC.

Inflammation can inhibit the activity of 5-HT transporters and alter the
concentration of 5-HT in the mucosa, resulting in an increase in local 5-HT
levels. After binding to SERT, 5-HT activates effector cells, leading to
increased intestinal sensitivity, smooth muscle spasm, and damage to the
intestinal physiological barrier, which can lead to UC.

Neuropeptide YY family
(40-44)

Glutamate (45-48)

NPY is expressed in multiple neuronal systems in the
brain, from the medulla oblongata to the cerebral cortex,
and is also expressed in enteric neurons, including
secretory motor neurons and inhibitory motor neurons.
PYY and PP are located in endocrine cells in the ileum,
colon, and rectum.

Under stress, the intestinal microenvironment changes, and
enteric endocrine cells secrete glutamate as a
neurotransmitter to transmit information to the brain.

There is a mutual influence between NPY in the brain and serotonin and
somatostatin in the serum. NPY can reduce the concentration of serotonin
and its metabolite 5-HIAA, and promote the inhibition of T lymphocyte
proliferation by somatostatin and reduce the release of pro-inflammatory
cytokines such as INF-y.

Glutamate can lead to the formation of ROS through the activation of
NMDA receptors and subsequent elevation of intracellular free Ca2", as well
as the production of NO through the activation of NOS. In addition, enteric

therapeutic target for pharmacological intervention in UC.
Concurrently, the characterization of neurotransmitter expression
profiles in UC presents the potential for the development of
innovative biomarkers. These biomarkers could revolutionize
diagnostic processes, prognostication, and the monitoring of
therapeutic responses in UC management.

Existing therapeutic modalities, such as surgical interventions
and systemic immunosuppression, offer a broad-spectrum
approach with variable efficacy and significant adverse effects. In
contrast, the advancement of therapies targeting specific
neurotransmitter pathways heralds a new era of precision
medicine. Such targeted approaches not only hold the promise of
enhancing therapeutic outcomes but also aim to significantly
ameliorate the QOL for patients afflicted with gastrointestinal
diseases. This paradigm shift towards neurotransmitter pathway-
specific interventions underscores a pivotal moment in the
evolution of gastrointestinal disease management, emphasizing
the need for continued research and development in this dynamic
field of medical science.

2.3 ANS

The normal physiological function of the intestine is mainly
controlled by the ANS, and ANS dysfunction manifests as increased
sympathetic function and decreased vagal function, which may
induce the production of inflammatory factors in the intestine of
IBD patients (51). MAULE reported that in patients with UC,
sympathetic tone increases at rest, whereas parasympathetic tone
decreases, suggesting that the activation of the sympathetic nervous
system (SNS) seems to be related to intestinal disease activity (52).
The activated SNS can promote catecholamine release, cause mast
cell degranulation, promote the secretion of inflammatory
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glutamate can induce the expression of IL-1p and TNF-o in neuronal cells
through NMDA receptors and regulate IL-1B-induced neuronal damage
in vitro.

cytokines, increase intestinal mucosal permeability, and thus
promote intestinal inflammatory reactions (53). Ky6sola
compared the results of immunofluorescence histochemistry of
rectal mucosa between UC patients and healthy individuals and
found that the number of SN fibers in the inflamed area of UC
patients was significantly increased (54). After inhibiting SN fibers
with the sympathetic blocker clonidine, the patients’ conditions
significantly improved, and their disease activity indices also
decreased. However, Straub compared the number of SN fibers in
the intestinal mucosa and submucosa of DSS-induced chronic
enteritis mice and healthy mice and found that the number of SN
fibers in DSS-induced model mice was significantly decreased (55).

The above studies suggest that SNs can regulate intestinal
inflammation through multiple pathways and that the role of SNs
in intestinal inflammation may be completely different. Further in-
depth study of the specific mechanism is needed.

VN is a major component of the parasympathetic nervous
system, which is a mixed nerve with anti-inflammatory properties
through its afferent and efferent fibers, located at the junction of the
brain-gut axis (56). Research has shown that stress can lead to a
decrease in heart rate variability in the human body, which indicates
a decrease in VN tone. Stimulating VN to increase VN tone exhibits
anti-inflammatory effects in the intestine. Therefore, impaired VN
tone in response to stress may lead to an increased proinflammatory
state and systemic inflammatory response in the intestine (57, 58).
Animal experiments have shown that VN signaling can reduce
intestinal inflammation by regulating the feeding behavior of mice
and releasing acetylcholine (Ach) (59). Therefore, improving the
function of the VN in patients may help treat UC. VN signaling is
believed to have anti-inflammatory effects, and stress reduces the
outflow of the VN and increases the outflow of the SN and the
activity of the adrenal medulla, leading to an increase in
norepinephrine and epinephrine levels (60). A decrease in the
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outflow of the VN and an increase in sympathetic tone can lead to
the suppression of immune cell function and ultimately to intestinal
inflammation. In addition, researchers have found in animal models
of infectious shock that stimulating VN terminals can inhibit the
occurrence and development of shock (61). Subsequent studies
identified Ach as the mediator released by VN terminals, and
further research revealed that Ach inhibits the release of shock
effectors (IL-1 and TNF-o) by binding to o7-nicotinic-
acetylcholine receptors (o-7-nAchRs) on macrophages. TNF-a. is
considered to be a key inflammatory mediator involved in IBD and
remains the most widely used and effective current biotherapy
target in IBD. A positive correlation has been found between
vagotomy and the subsequent development of IBD, especially for
CD, highlighting the importance of the integrity of the VN in
preventing IBD (62). VN signaling has this anti-inflammatory effect
through the close association of this nerve with splenic SN fibers in
the celiac ganglion (63) or through nonneuronal communication
pathways that have not yet been characterized. VN signaling
increases catecholamine signaling to the spleen and induces
splenic T cells to secrete Ach (64). These Ach-releasing T cells
represent a new key finding that reveals an important mechanism of
the cholinergic anti-inflammatory pathway. Similar T cells can also
be found in lymph nodes and Peyer’s patches in mice and are
similarly regulated by noradrenergic neurons (64). The Ach
released by these T cells acts on circulating and tissue cells via o
7-nAchRs, thereby completing the cholinergic anti-inflammatory
pathway. In addition, due to its central role, persistent inflammation
can lead to psychological disorders, which in turn may cause flare-
ups of the disease.

These research findings provide new therapeutic targets and
methods, particularly in the search for nontraditional,
neuromodulatory based approaches for treating IBD. For
example, by activating the cholinergic anti-inflammatory pathway
of VN signaling or using o.-7-nAchRs agonists as a treatment option
may bring new hope for IBD patients, especially for those who do
not respond well to traditional treatment strategies.

2.4 Gut microbiota

Psychological stress is associated with a disruption of intestinal
physiology, and this association has been supported by human and
animal model studies (65, 66). The gut microbiome is considered to
be the third key component of the brain-gut axis, and the concept of
the microbiome-gut-brain axis (MGBA) has been established (67,
68). Psychological stressors can alter the composition of the gut
microbiota and promote intestinal inflammation (69, 70).

Stress-induced dysbiosis is characterized by a decrease in the
abundance of lactic acid bacteria, accompanied by an increase in
bacterial translocation and a decrease in the host’s ability to resist
pathogen infection (71). Studies have shown that social
psychological stress can induce significant changes in the gut
microbiota of mice and can increase the expression levels of
proinflammatory factors such as interleukin-6 (IL-6) in peripheral
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blood (70). Antibiotics can eliminate this change, suggesting that
gut dysbiosis is a prerequisite for the development of a systemic
inflammatory response. Mice subjected to chronic social failure
stress exhibit a decrease in the abundance and functional diversity
of the gut microbiota, specifically a significant decrease in
Bacteroides and a significant increase in Clostridium in the gut
microbiota. At the same time, the abundance of genes involved in
the synthesis and metabolism of neurotransmitter precursors and
short-chain fatty acids (SCFAs) decreases (72). By establishing a
chronic unpredictable mild stress (CUMS) mouse model,
researchers found that the abundance of Lactobacillus in the gut
microbiota significantly decreased. CUMS leads to a decrease in the
diversity of the gut microbiota, with a significant increase in
pathogenic bacteria (such as Escherichia and Shigella) and
conditional pathogens (such as Enterococcus, Vagococcus and
Aerococcus) (73). By establishing a model of chronic social stress
in mice (70), researchers found that the depressive-like behavior of
mice may be related to certain strains of bacteria at the species level,
including Clostridium leptum, Blautia coccoides, and Streptococcus
hyointestinalis (74). In a cohort of mice exposed to a single stressor,
compared to that in a conventional home cage control setting, the
expression of serum lipopolysaccharide-binding protein was
increased, indicating that bacterial translocation occurs in parallel
with colonic mucus disruption (75).

Some studies have shown that certain bacterial species in the gut
microbiota can regulate the differentiation of intestinal T cells and
play an indispensable role in the development and maintenance of
the intestinal immune system (76). For example, segmented
filamentous bacteria (SFB) induce the differentiation of T helper 17
(Th17) cells through major histocompatibility complex class II
(MHCII)-dependent antigen presentation by intestinal dendritic
cells (DCs) and innate lymphoid cells (ILCs), while polysaccharide
A (PSA) derived from Bacteroides fragilis can activate Toll-like
receptor (TLR) 2 on plasmacytoid DCs, thereby inducing the
differentiation of regulatory T (Treg) cells (77). In mice subjected
to chronic subordinate colony housing (CSC) preconditioning, the
abundance of Helicobacter and Paraprevotella was significantly
increased and the host immune response was activated. After the
addition of DSS, the number of mesenteric lymph node cells in the
mice further increased, the cells produced more IFN-y and IL-6, and
the intestinal tissue damage worsened (78). Similarly, male C57BL/6
mice subjected to chronic restraint stress (CRS) preconditioning and
subsequent DSS intervention showed a more significant increase in
the abundance of proinflammatory bacteria, such as Helicobacter and
Streptococcus, which activate inflammatory signaling pathways such
as the IL-6/STAT3 pathway, leading to colitis.

Stress induced changes in gut microbiota, characterized by a
decrease in beneficial bacteria and increased susceptibility to
pathogens, are associated with changes in systemic inflammatory
response, neurotransmitters, and SCFAs synthesis. Future research
can explore interventions targeting the gut microbiota to alleviate
the effects of stress, such as probiotics or dietary adjustments, and
their efficacy in preventing or reversing stress-induced changes in
gut health.
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3 The gut-brain signaling pathway
and psychological disorders in IBD

The possible pathophysiological mechanism of brain-gut
pathway activation after psychological stress, which leads to
gastrointestinal diseases such as IBD, has been described in detail
previously. At the same time, there is also significant evidence that
IBD can cause or exacerbate psychological disorders through the
gut-brain pathway (79, 80). The presence of psychological disorders
not only causes increased gastrointestinal symptoms in IBD
patients, but also may have other harmful consequences,
including decreased compliance with medication treatment,
repeated consultations for the disease, and increased clinic
visits (81).

3.1 The role of the VN

Existing research indicates that the intestinal immune system
can affect the brain through multiple pathways (82). One
mechanism is through the VN afferent signaling pathway. Before
lipopolysaccharide (LPS) induces peripheral inflammation in
rodents, cutting the VN can prevent certain disease behaviors,
including fatigue, social withdrawal, cognitive dysfunction, and
psychological changes (mainly for depression, as the
improvements in symptoms of anxiety are still questionable) (83).
The afferent fibers of the VN are sensitive to changes in the gut
environment, including the presence of inflammation. These fibers
can detect proinflammatory cytokines and other inflammatory
markers produced in the gut. Once these inflammatory signals are
detected, the VN transmits this information to the brainstem,
specifically to the nucleus tractus solitarius (NTS), which then
relays information to higher brain centers involved in mood
regulation, such as the amygdala, hippocampus, and prefrontal
cortex (84). Additionally, early studies have shown that the VN is
involved in the transmission of peripheral-derived IL-1f in the CNS
during fever induction (85), and this transmission process is
eliminated in rats subjected to vagotomy.

From another perspective, the VN fibers are distributed
throughout all layers of the digestive wall, but do not pass
through the epithelial layer, so they do not come into direct
contact with the gut microbiota (86). However, due to its location
and various receptors, including mechanical and chemical
receptors, the VN can detect and respond to various signals,
including metabolites of the gut microbiota, gut hormones or
neurotransmitters (87). VN chemoreceptors can participate in
communication between the gut microbiota and the brain by
detecting SCFAs. Its mechanism is related to the fact that SCFAs
can bind to the G-protein coupled receptors carried by
enteroendocrine cells, thereby stimulating VN (88). There is
evidence to suggest that injecting Lactobacillus johnsonii into the
duodenum can increase VN activity (89). Chronic Lactobacillus
rhamnosus (L. rhamnosus) treatment induced changes in gamma-
aminobutyric acid (GABA) brain expression in healthy mice. These
mice also exhibited a decrease in cortisol levels associated with
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stress and behaviors (anxiety and depression). After vagotomy,
these effects were not observed (90). Fecal microbiota
transplantation (FMT) from healthy donors to psychologically
stressed mice can improve brain dysfunction, and the degree of
benefit from this improvement is significantly reduced after
vagotomy, indicating that some beneficial effects of FMT may be
mediated by the VN (91). The above evidence once again indicates
that the VN is the main regulatory structure of the gut-brain axis.

Further research on the mechanism of VN, particularly how it
detects and responds to signals from the gut, including
proinflammatory cytokines and metabolites of the gut microbiota
(such as SCFAs), helps to understand the complex interactions
between the gut microbiota and the brain, providing valuable
models for understanding how peripheral signals affect
mental health.

3.2 The hippocampus and
psychological disorders

Circulating cytokines released by periventricular organs and
leukocyte infiltration into the brain, as well as TLR activation on
macrophages in periventricular organs, lead to the production of
proinflammatory cytokines and their diffusion into the brain (83).
An analysis of the relationship between the levels of
proinflammatory cytokines and brain region changes in a mouse
model of colitis, revealed that an increase in circulating
proinflammatory cytokine levels affected several brain regions,
most importantly the hippocampus (92, 93). The hippocampus is
part of the limbic system in the brain that controls psychological
health. In a study of dinitrobenzene sulfonic acid (DNBS)-induced
colitis model mice, it was found that the mice exhibited behaviors
consistent with depression and anxiety (92). Moreover, in an
examination of the brains of these mice, and it was found that the
expression of genes related to inflammation and excessive NO
production was increased in the hippocampus. The same research
results confirmed that in the hippocampus of colitis model mice, the
TNF and NO concentrations and inducible NOS expression were
increased (93). In addition, intraperitoneal injection of NOS
inhibitors reduced the concentrations of TNF and NO in the
hippocampus, reversing the anxiety- and depression-like
behaviors, although this seemed to have little effect on the
improvement of colitis. The increase in proinflammatory cytokine
levels in the hippocampus may be related to a reduction in
hippocampal neurogenesis. For example, 2,4,6-
trinitrobenzenesulfonic acid solution (TNBS)-induced colitis was
shown to reduce the synaptic plasticity of glutamatergic neurons in
the hippocampus and increase synaptic transmission (94).

Notably, neuroinflammation can have a negative impact on
adult hippocampal neurogenesis. Although homeostatic microglia
support adult hippocampal neurogenesis, peripheral inflammatory
factors such as TNF and IL-1B inhibit the proliferation and
maturation of neural precursor cells (NPCs) (95). Although the
direct mechanism linking neuroinflammation and adult
hippocampal neurogenesis in IBD has not been established,
studies on acute and chronic DSS-induced colitis model animals
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have shown impaired adult hippocampal neurogenesis (96, 97). In
summary, adult hippocampal neurogenesis is vulnerable to
peripheral and neural inflammation, leading to neuropsychiatric
symptoms associated with IBD. In another group of colitis model
mice, inflammation led to an increase in the level of the p21 protein
in the hippocampus (98). This protein can prevent the proliferation
of early neuronal progenitor cells.

In recent years, the relationship between the gut microbiota and
the hippocampus has received increasing attention from scholars.
Probiotics, especially Lactobacillus strains, can significantly reduce
serum CORT and ACTH levels and ameliorate hippocampus-
dependent emotional changes (99, 100). Bifidobacterium strains
can also reduce serum CORT levels and normalize anxiety behavior
(101, 102). Studies have shown that FMT can significantly improve
depression-related performance and the composition of the fecal
microbiota after CUMS, reverse increases in serum IL-6 and TNF
levels, decrease 5-HT levels, and decrease hippocampal GABA
levels (103).

There is a clear pathway to further investigate the detailed
mechanisms by which intestinal inflammation leads to changes in
brain chemistry and structure, with a particular focus on the
pathways that lead to elevated levels of brain cytokines and their
direct impact on the hippocampus. The next step for researchers
can explore the specific effects of inflammation on hippocampal
neurogenesis and synaptic plasticity, investigate how different
inflammatory markers affect neural precursor cells and synaptic
transmission, and the positive role of probiotics or FMT in
reducing neuroinflammation.

3.3 Important effects of neuroinflammation

In IBD patients, the immune system responds to gut bacteria in
an exaggerated manner (104). Studies have shown that the gut
microbiota interacts with the intestinal epithelium, inducing
responses from T cells in the gut and microbial-specific T cells in
the thymus (105, 106). In addition, as metabolic products derived
from gut microbes, SCFAs provide energy support for local immune
responses. SFCAs regulate the development of B cells and the
differentiation of Treg cells, and participate in the activation of
inflammatory bodies (107). Fecal concentrations of SCFAs in IBD
patients are significantly reduced (108). In addition to SCFAs, the
imbalance of gut microbes also affects bile acid and tryptophan
metabolism, further increasing intestinal inflammation (107). In
IBD patients and DSS-induced colitis models, bacterial
translocation and increased levels of circulating inflammatory
mediators confirm the gradual transition from local inflammation
in the gastrointestinal tract to systemic inflammation (109). Once
gut-derived peripheral inflammation spreads to the CNS, resident
immune cells, such as astrocytes, microglia, and brain-resident
macrophages, may be activated and enter an inflammatory state,
where they produce various cytokines and chemokines (110). These
immune factors and chemokines attract immune cells from the
peripheral bloodstream into the brain, triggering neuroinflammation.

It has been reported that in a model of depression, anxiety, and
inflammation induced by intraperitoneal injection of LPS during
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CUMS, microglia can mediate behavioral deficits (111, 112). The
main pathways involved include microglia-astrocyte crosstalk via
glutaminase-1 and silent information regulator 2 homolog 1 (Sirtl)-
nuclear factor erythroid 2-related factor 2 (Nrf2)-hemoxygenase 1
(Ho-1) signaling through the clearance of reactive oxygen species
(ROS) (113, 114). In addition, microglia can phagocytose and prune
synapses. Microglial synaptic pruning is crucial for normal brain
development, but it is abnormally upregulated during
neurodegenerative diseases (115). Notably, that the complement
system plays a key role in synaptic pruning and is associated with
stress-induced depressive symptoms (116). In addition, in
depression models, the interaction of microglia with synapses
shows spatial and temporal differences. Early neuroinflammation
(such as LPS-induced inflammation) exacerbates adolescent
depressive-like behavior, which is associated with the formation
of glutamatergic neurons spines in the anterior cingulate cortex
(112). In summary, neuroinflammation in IBD can contribute to
psychiatric symptoms by inducing structural changes in or the
degradation of synapses or the death of neurons.

Overall, developing therapies that regulate the composition or
metabolic output of gut microbiota (such as increasing SCFAs
levels) and regulating the interaction between the immune system
and gut microbiota may prevent cascade reactions that lead to
systemic and CNS inflammation, reducing the likelihood of
psychological disorders in IBD patients. Meanwhile, studying how
neuroinflammation leads to psychological symptoms in IBD
patients can guide the development of treatment methods
targeting specific pathways, such as microglial astrocyte
interactions or synaptic pruning mechanisms. The dynamic
changes between intestinal inflammation, immune response,
neuroinflammation, and psychological disorders have not been
reported yet. By tracking the changes in these reactions over time
in IBD patients, we can better understand the progression and
interaction of these factors.

3.4 Brain-derived neurotrophic factor

Another key factor affecting psychological disorders in IBD
patients is brain derived neurotrophic factor (BDNF). BDNF has a
positive effect on the release of neurotransmitters and the
expression and function of neurotransmitter receptors and ion
channels (117). Moreover, BDNF can increase synaptic plasticity
and adult neurogenesis. It has been reported that depression is
associated with lower levels of BDNF (118). Notably,
neuroinflammation reduces BDNF signaling, and BDNF
expression is inhibited by IL-1f (119). The same study also
confirmed that the BDNF levels in the brains of DSS-induced
colitis model animals were significantly decreased (120, 121).
Although neuroinflammation and a decrease in BDNF levels are
synchronous in IBD models, no further research on whether there is
a causal relationship is available. Therefore, this finding provides us
with a direction for further research; that is, impaired BDNF
signaling may be triggered by neuroinflammation, leading to
psychiatric symptoms in individuals with IBD. In addition, BDNF
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can serve as a biomarker to identify IBD patients at higher risk of
psychological disorders for early intervention.

3.5 The impact of the gut microbiota on
psychological disorders in IBD patients

Changes in the gut microbiota may be both a cause and a
consequence of intestinal inflammation and regulate
neuropsychiatric symptoms by affecting the CNS while also
having a direct effect on neurons. Therefore, exploring the
changes in the CNS during IBD-related dysbiosis is particularly
important for obtaining a better understanding of the pathogenesis
of “comorbidities of mind and body”.

Different microbial metabolites can regulate the maturation and
function of microglia (122). Microbial-derived SCFAs signaling via
free fatty acid receptor 2 (FFAR 2) involves microglia, with its main
component acetate being a key regulator of microglial metabolism
and phagocytosis (122). Moreover, another component of SCFAs,
propionate, can induce Treg cell activation and reduce the response
of Th1 and Th17 cells (123). In addition, the bacterial metabolite
tryptophan signals through the aryl hydrocarbon receptor to reduce
the activation of astrocytes caused by microglial inflammation
(124). Studies have shown that UC patients with depression or
anxiety exhibit a unique gut bacterial profile associated with
reduced blood levels of the metabolites 2’-deoxy-D-ribose and L-
pipecolic acid (110). Interestingly, researchers have shown that the
replacement of these metabolites in mice had a positive effect on
reducing DSS-induced colitis and cytokine levels in the blood and
brain. In addition, the replacement of these metabolites also
significantly improved anxiety and depression-like behavior (110).
This series of findings clearly demonstrates the important role of
microbial metabolites in the “gut-immune-brain” communication
of “comorbidities of mind and body”.

Furthermore, the gut microbiota is involved in
neurotransmitter metabolism. At the subordinate level,
Lactobacillus, Bifidobacterium, Escherichia, Enterococcus, and
other species can produce neurotransmitters, neuropeptides, or
other substances (such as metabolites) that can affect neural
activity (125, 126). Lactobacillus and Bifidobacterium have been
shown to produce GABA and Ach (127), while L. rhamnosus can
regulate the central expression of GABA receptors in key regions of
the mouse brain (128). The genus Bacteroides is associated not only
with the occurrence of colitis but also with the expansion of its
species, which mediates depressive-like behavior and impaired
hippocampal neurogenesis by regulating tryptophan and
neurotransmitter metabolism (129).

In summary, targeting the gut microbiota and its metabolites
has great potential in developing new interventions to treat the
intertwined pathology of the gut and brain. Identifying and
characterizing microbial metabolites that affect the gut-brain axis
can reveal new therapeutic targets. This leads to a promising path
for future research and clinical application in the field of
psychological gastrointestinal diseases. Meanwhile, more
longitudinal and interventional clinical studies should be
conducted to validate the findings of animal models.
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4 New treatment strategies for IBD
based on the brain-gut-
microbiota axis

The possible mechanisms underlying the interaction between
IBD and psychological disorders are described above. Therapeutic
strategies targeting the gut microbiota, psychological disorders,
neuroinflammation, and the immune microenvironment are
therefore logical. Research has shown that the use of
antidepressants, modulators of the gut microbiota, and other
psychological interventions to treat “comorbidities” is often
effective (Figure 2).

4.1 Antidepressants in IBD

To date, no antidepressant has been explicitly approved for the
treatment of gastrointestinal diseases, but antidepressants are
widely used as a main treatment method for disorders of gut-
brain interaction (DGBIs), as shown in Table 2. Commonly used
antidepressants include tricyclic antidepressants (TCAs), selective
serotonin reuptake inhibitors (SSRIs), serotonin and
norepinephrine reuptake inhibitors (SNRIs), and other
antidepressants. Antidepressants can relieve gastrointestinal
symptoms by regulating neurotransmitters such as serotonin,
norepinephrine, and CRF, which play a role in intestinal motility
and sensation (139). At the same time, by blocking the receptors 5-
HT, norepinephrine, and several other neurotransmitters,
antidepressants can also exert analgesic effects (140).

In addition, antidepressants can reduce afferent signals from the
gut and downregulate afferent visceral signals by affecting the
function of the anterior cingulate cortex. Another theory suggests
that long-term use of antidepressants can restore lost neurons and
reduce the risk of depression recurrence (141, 142). A study
revealed that after treatment with antidepressants, the level of
BDNF gradually increased, and this increase seemed to be
correlated with the degree of recovery from depression (141). To
date, there are few data or low-level evidence obtained from the use
of antidepressants for IBD. A prospective study involving 331 IBD
patients revealed that after receiving antidepressant treatment
(143), the number of patients (especially those with abnormal
anxiety or depression scores at the time of study enrollment)
receiving drug escalation therapy decreased. Similarly, in a
retrospective case evaluation involving 58 IBD patients, compared
with patients in the control group, patients taking various
antidepressants had fewer relapses and corticosteroid courses
within one year after starting antidepressant treatment (144).

4.2 Probiotics and FMT in IBD

Modulating the gut microbiota by administering probiotics is a
potential strategy for the prevention and treatment of IBD. Several
animal studies have shown that the use of probiotic strains can
alleviate DSS-induced colitis, reduce systemic and CNS cytokine
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Five nontraditional treatment strategies based on the brain-gut-microbiota axis. These five treatment strategies aim to alleviate intestinal
inflammation and improve psychological disorders by affecting different aspects of the brain-gut-microbiota axis. TCAs, tricyclic antidepressants;
SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin and norepinephrine reuptake inhibitors; FMT, fecal microbiota transplantation; PUFAs,
polyunsaturated fatty acids; FODMAPs, fermentable oligosaccharides, disaccharides, monosaccharides, and polyols.

TABLE 2 The mechanism of action, benefits and side effects of antidepressants in IBD.

Mechanism

Representative

drugs

Impact on BGMA

Benefits for
IBD populations

Side effects

TCAs Inhibit
(130) serotonin and
norepinephrine
reuptake
SSNIs Inhibit
(131- serotonin
133) reuptake
SNRIs Inhibit
(134, serotonin and
135) norepinephrine
reuptake
NaSSAs 02, 5-HT, and
(136) 5.HT,
receptor
antagonist
NDRIs Inhibit
(137) norepinephrine
and
dopamine
reuptake
Others Activate the 5-
(138) HT, 4 receptor
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Promethazine,
Clomipramine,
Amitriptyline,
Doxepin, Maprotiline

Fluoxetine,
Paroxetine, Sertraline,
Fluvoxamine,
Citalopram,
Escitalopram

Venlafaxine,

Duloxetine

Mirtazapine

Bupropion

Buspirone

Reduce visceral sensitivity through
anticholinergic effects to alleviate
symptoms of abdominal pain

Reduce the activation of microglia and
the production of cytokines. Inhibit the
activation and proliferation of antigen
presenting cells to regulate

adaptive immunity

Inhibition of descending nociceptive
activity dependent on noradrenergic
signaling in the brainstem to
alleviate pain

N/A

N/A

Suppress neuroinflammation and
regulate gut microbiota

09

Improve abdominal pain,
reduce visceral sensitivity,
alleviate depression, and
slow down

gastrointestinal transmission

Relieve anxiety and
depression, improve
psychological depression
and insomnia

Improve the symptoms of
physical pain associated with
depression and anxiety

Improve symptoms of
depression and insomnia,
alleviate abdominal pain
and diarrhea

Preventive treatment of
seasonal psychological
disorders and
antidepressant effects

Improve anxiety symptoms

Dry mouth, dilated pupils,
blurred vision, constipation,
difficulty urinating, urinary
retention, high intraocular
pressure and tachycardia

Nausea, vomiting, diarrhea
and dizziness

Constipation, dry mouth,
sedation, urinary retention and
blurred vision

Excessive sedation, dry mouth,
weight gain, increased appetite,
dizziness, fatigue

Headache, insomnia, nausea, dry
mouth, excessive sweating,
anxiety, agitation and weight loss

Nausea, dizziness, tinnitus,
headache and nervousness
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levels, restore inflammatory-related microflora dysregulation-
related miRNA expression, and improve depressive and anxiety-
like behavior (145, 146). Notably, Faecalibacterium Prausnitzii, a
highly IBD-related species (with significantly decreased abundance
in active IBD) (147, 148), could prevent anxiety and depression-like
behavior in stressed rats (149). Research has found that after
administration of L. rhamnosus, the expression of GABA Ao2
mRNA in the prefrontal cortex and amygdala decreased (150),
thereby reducing plasma corticosterone levels. Moreover,
supplementation with Lactobacillus strains can reduce stress-
induced HPA activation and corticosterone, indirectly increasing
the levels of BDNF in the hippocampus and 5-HT in the prefrontal
cortex and frontal cortex of mice, which plays a role in preventing
anxiety and depression (128).

In patient-based studies, probiotic treatment has been shown to
significantly relieve IBD symptoms (Table 3). In CD patients, the
administration of Saccharomyces boulardii is helpful for alleviating
symptoms and reducing bowel sealing (151). In UC,
Bifidobacterium and Lactobacillus acidophilus can maintain
symptoms during low-activity periods (152). Moreover, the
administration of Lactobacillus fermentum to UC patients can
reduce the levels of NF-xB, IL-6, and TNF-o (153).
Inconsistencies in the results of supplementation with the same
probiotic strain can be triggered by the influence of flora activity and
the presence of other strains in the host, indicating that compound
probiotics often have greater therapeutic benefits for IBD than
single strains. However, the results showing that probiotics directly
reduce symptoms of anxiety and depression in IBD patients are
mixed, showing contradictory results. A meta-analysis of
randomized controlled trials (RCTs) in recent years has shown
that the evidence obtained is insufficient to support the effectiveness
of probiotics in treating psychological disorders in IBD patients,
and including depressed and nondepressed individuals in the same
analysis, as well as using different strains and treatment regimens, is
still insufficient to demonstrate the direct effectiveness of probiotics
in alleviating psychological disorders (161, 162). Other studies have
reported the positive effects of probiotics on psychological,
cognitive and emotional function; anxiety; and stress (163).

FMT is a new microbiome-based therapy in which feces are
transferred from healthy donors to the intestinal tract of patients
through endoscopy or colonoscopy to reduce intestinal dysbiosis
(164). Compared with prebiotics, probiotics, and antibiotics, FMT
has a more direct and efficient effect on restoring intestinal
microecological balance. According to some literature reports,
with the deepening of researchers’ understanding of the MGBA,
FMT has good clinical efficacy and promising prospects in treating
neuropsychiatric diseases, especially refractory psychiatric diseases
(164). Some studies have shown that compared with the use of a
placebo, the use of FMT for the treatment of IBD significantly
alleviates endoscopic and clinical symptoms (165). At the same
time, the therapeutic potential of FMT also manifests in the
alleviation of some extraintestinal symptoms, such as anxiety,
depression, and autism (166). Notably, negative emotions can also
occur with FMT; for example, anxiety-like behaviors caused by
chronic stress can appear in recipient mice after FMT with stressed
mice as donors (69). Similarly, mice receiving a fecal transplant
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from patients with irritable bowel syndrome and anxiety not only
exhibit intestinal symptoms but also exhibit more pronounced
anxiety-like behaviors (167). Although the treatment of FMT is
very individualized and its efficacy is very rapid compared with that
of oral probiotics, the long-term effects and potential risks of FMT
are still unclear, and large-scale follow-ups in the population are still
needed to clarify the long-term prognosis.

4.3 Brain-gut behavioral therapies

A prospective longitudinal population-based study revealed
that psychological factors contributed more to the perception of
health in the IBD cohort than in the control group (168). However,
inactive IBD patients were very similar to non-IBD control group
patients. Based on the above results, it suggests that psychological
disorders are not specifically associated with the disease itself but
mainly affect disease activity. Among the IBD patient samples
observed in a gastroenterology department, it was found that the
severity of the disease and psychological disorders independently
led to impaired QOL (169). In another study, after appropriate
psychological assistance, the intestinal and systemic symptoms of
IBD patients were alleviated, the level of activity participation
increased, symptom tolerance increased, pain decreased, perceived
stress decreased, and the number of visits to the gastroenterology
department decreased (170). Therefore, in addition to considering
drug treatment, how to improve the psychological health and
cognitive function of IBD patients through wider daily
communication on their diagnosis, treatment and QOL, especially
by establishing a positive, trusting and harmonious doctor—patient
relationship, is worth considering for researchers and medical staff.

Currently, the most widely studied psychological
gastroenterological intervention is brain-gut behavioral therapy
(BGBT) (171), which includes gastrointestinal-focused cognitive
—behavioral therapy, gut-directed hypnotherapy, mindfulness-
based interventions, self-management programs, and
psychodynamic-interpersonal therapy. Based on the idea that
“thoughts, emotions, and behaviors can be learned and influence
both the symptoms experienced by patients and their perception of
these symptoms”, gastrointestinal-focused cognitive—behavioral
therapy aims to achieve self-stress management by adjusting
cognitive processes, practicing mindfulness, and receiving stress
reduction training (172). Gut-directed hypnotherapy is a method
used by professional clinicians to induce a highly focused state of
consciousness in DGBI patients through video calls and digital
means to increase their acceptance of posthypnosis suggestions
(173). This can improve the poor cognition and extraintestinal
manifestations of DGBI patients to a certain extent (174). Self-
management programs aim to help patients realize that they are the
managers of their own disease and need to actively participate in the
management of their disease process (175). By establishing a
workbook, improving their understanding of disease-inducing
factors, correcting erroneous beliefs, and boosting self-confidence
and reducing stress, patients can achieve their goals.
Psychodynamic-interpersonal therapy is the most important of
the five methods (176). Research has shown that a strong,
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TABLE 3 Clinical trials of probiotics and FMT in the treatment of IBD.

Country Intervention (l) Comparator Design Follow- N Subject Clinical
(@) up response
Garcia et al Brazil S. boulardii + Placebo + RCT 3 months 14/17 CD in P=0.0006 (S.
2008 (151) baseline therapy baseline therapy remission period boulardii); P=
0.12 (placebo)1
Kato et al Japan BFM + baseline therapy  Placebo + RCT 12 weeks 10/9 Active UC P <0.05*
2004 (152) baseline therapy
David et al Ireland B. infantis + Placebo + RCT 8 weeks 13/9 Active UC P=0.0327 (CRP); 8/
2013 (153) baseline therapy baseline therapy 13 (B. infantis), 0/
9 (Placebo)®
Hiroyuki Japan BB536 + Placebo + RCT 8 weeks 24/23 Active UC P <0.05"
et al baseline therapy baseline therapy
2016 (154)
Shen et al China BLE + baseline therapy Placebo + RCT 4 weeks 48/48 Active CD 47/48 (BLE), 41/48
2024 (155) baseline therapy (Placebo), P=0.027;
P <0.05(L/
M ratio)’
Samuel et al  Australia dFMT aFMT RCT 12 months 38/35 Active UC 12/38 (dEMT), 3/35
2019 (156) (aFMT), P = 0.03°
Sudarshan Australia FMT Placebo RCT 8 weeks 41/40 Active UC 11/41 (FMT), 3/40
et al (Placebo), P=0.0217
2017 (157)
Paul et al Canada FMT + baseline therapy  Placebo + RCT 6 weeks 38/37 Active UC 9/38 (EMT), 2/37
2015 (158) baseline therapy (Placebo), P <0.03*
Noortje Netherlands | dFMT aFMT RCT 12 weeks 17/20 Active UC 7/17 (dFMT), 5/20
etal (aFMT), P=0.29°
2015 (159)
Sood et al India FMT + baseline therapy  Placebo + RCT 48 weeks 31/30 UCin P=0.026 (endoscopic
2019 (160) baseline therapy clinical remission remission); P=0.033
(histological
remission)'’

'Difference in the mean lactulose/mannitol ratio (used to evaluate intestinal permeability) between the end of the third month and the beginning of treatment. S. boulardii added to baseline
therapy improved intestinal permeability in these patients. S. boulardii: Saccharomyces boulardii; RCT: Randomized controlled trial; CD: Crohn’s disease.

The average CAI score in the BEM group had significantly decreased to 3.7 + 0.4 by 12 weeks (P < 0.001). In the placebo group, the CAI score had decreased to 5.8 + 0.8 at 12 weeks (P < 0.05).
The CAI score in the BEM group was significantly lower than that of the placebo group at 12 weeks (P < 0.05). BEM: bifidobacteria-fermented milk; CAI: clinical activity index; UC:
ulcerative colitis.

*B. infantis 35624-feeding induces a reduction in absolute CRP levels in UC patients compared with placebo-fed patients; Patients with UC achieve reductions in plasma CRP, TNF-o. and IL-6
levels following feeding with B. infantis 35624 compared with placebo-fed patients. B. infantis: Bifidobacteria infantis; CRP: C-reactive protein; TNF-ou: tumor necrosis factor; IL, interleukin.
“BB536: Rectal bleeding (0.79 + 0.19 at baseline vs 0.5 + 0.17 at week 8; P=0.038); Mucosal findings (2.23 + 0.51 at baseline vs 1.73 + 0.6 at week 8; P=0.017); Endoscopic index scores (6.7 + 0.5 at
baseline vs 3.7 + 0.6 at week 8; P<0.01); Mayo subscores (2.2 + 0.10 at baseline vs 1.5 + 0.73 at week 8; P<0.01), whereas there was no significant decrease in the placebo group. BB536:
Bifidobacterium longum 536.

*The total clinical effective rate of patients in the observation group (97.91%) was elevated in comparison with that of the control group (85.42%) (P=0.027). After the treatment, the levels of
urinary lactulose/mannitol ratio in the two groups were decreased versus those prior to the treatment, and these factors in the observation group were reduced versus those in the control group (P
< 0.05).

The primary end point of steroid-free remission was achieved in more participants who received dFMT compared with aFMT (12/38 [32%] vs 3/35 [9%); difference, 23% [95% CI, 4%-42%];
odds ratio [OR], 5.0 [95% CI, 1.2-20.1]; P = 0.03). dEMT: donor fecal microbiota transplantation; aFMT: autologous fecal microbiota transplantation.

"The primary outcome (steroid-free clinical remission with endoscopic remission or response) was achieved in 11 (27%) of 41 patients allocated EMT versus three (8%) of 40 who were assigned
placebo (risk ratio 3-6, 95% CI 1-1-11-9; P=0.021).

®There was a statistically significant effect of FMT on inducing remission in UC, with 9 of 38 (24%) patients in the EMT arm vs 2 of 37 (5%) in the placebo arm in remission at the end of
treatment (P<0.03).

°In the per-protocol analysis, 7 of 17 patients who received FMT from healthy donors (41.2%) and 5 of 20 controls (25.0%) achieved the primary end point (P=0.29). There was no statistically
significant difference in clinical and endoscopic remission between patients with UC who received fecal transplants from healthy donors and those who received their own fecal microbiota.
1%Endpoints of endoscopic remission (FMT: 18/31 [58.1%] versus placebo: 8/30 [26.7%], P= 0.026) and histological remission (FMT: 14/31 [45.2%] versus placebo: 5/30 [16.7%], P= 0. 033) were
achieved in a significantly higher number of patients with FMT.

trusting, and cooperative relationship between doctors and patients Through the above five methods, patients can better understand
is crucial for patients to reduce their negative emotions caused by =~ and manage their emotions and alleviate the emotional stress and
physical symptoms, as poor interpersonal relationships have  anxiety caused by the disease. At the same time, patients can learn
become a stumbling block in their lives. Through effective  to cope with the decline in QOL related to IBD, including dealing
communication, full empathy, active listening, and recognition of  with social isolation, physical discomfort, dietary restrictions, and
patients’ experiences and concerns, patients can discover their own  medical procedures. Poor disease control may affect QOL, while
value and increase their enthusiasm for participation (177). BGBT can help increase patients’ life satisfaction. In addition,
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lifestyle advice on diet, exercise, and sleep is also provided to
patients through BGBT. When experiencing pain and discomfort,
the clever use of relaxation techniques, meditation, and deep
breathing can be beneficial for alleviating physical and mental
stress. Finally, a good and trusting doctor—patient relationship
can help increase patient compliance and their understanding of
their treatment options, thereby increasing their likelihood of
following medical advice. Therefore, it is necessary to use both
drug therapy and BGBT for comprehensive treatment.

4.4 PUFAs and FODMAPs diet

The development of a reasonable dietary strategy for IBD
patients requires long-term adherence, which is often overlooked
by patients and clinicians. Epidemiological surveys have shown that
diets containing a large amount of animal fat and a small amount of
fruits and vegetables may be associated with an increased risk of
IBD (178). In mouse models, high-fat diets, especially those rich in
saturated fatty acids, also increase inflammation, while
supplementation with omega-3 long-chain fatty acids can
significantly reduce the production of cyclooxygenase-2 (COX-2),
IL-6, iNOS, and TNF-a in the colon, thereby reducing intestinal
inflammation (179). It has been reported that consuming diets rich
in omega-3 and omega-6 polyunsaturated fatty acids (PUFAs) in
the early stages of external stress can regulate the composition of the
gut microbiota and the abundance of gut microorganisms, for
example, by increasing probiotics such as bifidobacteria and
lactobacilli (180). In addition, studies have confirmed that omega-
3 fatty acid supplementation can reduce the excessive activation of
the HPA axis in adolescent female rats under stressful conditions
and improve their cognitive ability in adulthood (181, 182). These
findings suggest that rationalizing dietary consumption has the
benefit of reducing stress and depressive behavior.

A diet low in fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols (FODMAPs) is recommended as a
first-line treatment for IBS (183). The occurrence of IBD is
associated with food allergies or overconsumption of specific
types of carbohydrates. By reducing the intake of FODMAPs, it is
possible to reduce fermentation and gas production in the gut,
thereby alleviating symptoms such as bloating, abdominal pain, and
diarrhea (184). In a randomized, placebo-controlled trial,
researchers found that compared to a sham dietary advice control
group, patients with inactive IBD who received advice on a low
FODMAP diet experienced improvements in their intestinal
symptoms and QOL (185). This finding may be related to the fact
that a low FODMAP diet changes the diversity of the gut
microbiota, especially the abundance of bifidobacteria, but has no
significant effect on inflammatory markers (186).

4.5 Pro-nature physical activity
As a physical and mental disease, IBD often involves many

psychological disorders, including fatigue, depression, anxiety, and
decreased QOL, in addition to the intestinal symptoms of the
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disease itself (187, 188). In addition to controlling inflammation,
adhering to a healthy lifestyle (moderate-to-high intensity physical
activity, weight control, limited alcohol consumption, no smoking,
and Mediterranean diet) is associated with lower all-cause mortality
in elderly IBD patients. In a recent review by the Crohn’s and Colitis
Organization of Europe, it was confirmed that patients with IBD,
especially CD, who suffer from “comorbid physical and mental
illnesses”, can benefit from physical activity. A lack of physical
activity often leads to overweight and even obesity (189-191).
During long-term follow-up, obese IBD patients were found to
have a lower clinical remission rate of drug treatment and higher
anxiety, depression, fatigue, and pain scores, as measured by the
PROMIS (192). At the same time, the recurrence rate of the disease,
the rate of repeat visits to the gastroenterology clinic, and the
incidence of complications were significantly greater in these
patients than in those who participated in sufficient physical
activity (193).

Lou found that combining structured physical activity with a
lifestyle that fully exposes people to nature, or “pro-nature physical
activity”, can effectively improve the “physical and mental
comorbidities” of patients with DGBIs (194). This “green
prescription” not only embodies the medical treatment concept
from a holistic viewpoint, but also provides a new perspective and
means for treating diseases related to stress and psychological
disorders (195). Although there are few studies on the mechanism
by which physical activity alleviates the “physical and mental
comorbidities” of IBD patients, and most of them have
insufficient sample sizes, existing research shows that physical
activity can regulate the diversity of gut microorganisms and
intervene in specific gut microbiota and bacterial metabolites
(such as SCFAs) to affect the disease (196-198). Physical activity
may lead to epigenetic modifications and regulate the transcription
of key genes responsible for acute and chronic benefits from
physical activity. Moreover, physical activity can reduce visceral
fat content and the expression of proinflammatory factors (such as
TNF-o and IL-6) and increase intestinal mucosal immunity,
epithelial integrity, and tissue regeneration. Among them, pro-
nature physical activity can regulate the MGBA; increase the
abundance of Firmicutes and Akkermansia bacteria; increase
SCFAs levels; and further affect the HPA axis, BDNF, and
serotonin pathways involved in bidirectional gut-brain
communication, thereby maintaining body homeostasis and
reducing psychological stress (194).

Although Lou’s research confirms that nature-based physical
activity is a more efficient form of exercise, it does not compare
specific types of exercise (such as basketball, running, and
swimming), and there is no universal standard for exercise
intensity and frequency. Therefore, in future observational
studies, additional evaluation indicators need to be established to
determine the optimal exercise regimen. Despite this, the proposal
of nature-based physical activity still provides direction for patients,
clinicians, health departments, and urban construction
departments. Nature-based physical activity not only is beneficial
to humans but also has great significance for the harmonious
coexistence of man and nature, as well as the restoration and
protection of the natural environment.
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5 Conclusion

In this review, we have explored the possible mechanisms and
influencing factors of the activation of the gut-brain pathway
leading to psychological changes in IBD patients, and we have
summarized the bidirectional regulatory role of the BGMA.
Additionally, focusing on the relationship between psychological
changes before and after the onset of IBD and the development of
the disease, we have proposed the concept of “psychosomatic
treatment”. For readers who are interested in psychological stress
and the development of diseases, we advocate interdisciplinary
interaction, especially the intersection of psychological stress,
neuroendocrinology, neuroimmunology, and traditional
pathophysiology. We have also analyzed current laboratory and
clinical data on this topic, as well as potential treatment strategies
and disease progression management strategies that may be useful
for these patients. In summary, the mechanisms by which
disruption of the gut-brain pathway leads to psychological
disorders in IBD patients are diverse, with the gut microbiota,
nerves, inflammation, and immune microenvironment all playing
important roles. Although there are many animal models
supporting the above research findings, studies in human patients
are still relatively limited; therefore, more clinical research is needed
to verify the applicability of these findings to humans. We need to
better understand the interactions between the brain and the gut,
including the intersection of neural, immune, and metabolic
pathways, which will help us better identify potential therapeutic
targets. In addition, in terms of clinical application, we need to
develop more targeted treatment strategies to meet the
individualized needs of patients with IBD and psychological
disorders and achieve the goal of “psychosomatic treatment”.
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