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Abstract: Irritable bowel syndrome with diarrhea (IBS-D) is a prevalent functional gastrointestinal disorder. Emerging evidence
suggests that chronic low-grade inflammation is a significant pathophysiological mechanism, playing a pivotal role in disrupting
intestinal homeostasis and driving disease pathogenesis in a subset of patients. Key contributing factors include intestinal immune
dysregulation, gut microbiota imbalance, prior infections, and brain-gut axis dysfunction. Within this complex interplay of physiolo-
gical and pathological processes, the core mechanisms involve abnormal immune cell activation, release of inflammatory mediators,
and engagement of key inflammatory signaling pathways. Although current IBS-D management remains largely symptomatic, with no
curative approaches available, the growing insight into low-grade inflammatory mechanisms offers new therapeutic prospects.
Targeting intestinal low-grade inflammation is emerging as a highly attractive direction for creating novel treatment strategies.
Further research is necessary to identify effective inhibitors of low-grade inflammation in IBS-D and to assess whether treatment
aimed at this inflammation can prevent or alleviate the development and progression of the disease.

Keywords: irritable bowel syndrome with diarrhea, low-grade inflammation, intestinal immune imbalance, microbiota dysbiosis,
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Introduction

Irritable bowel syndrome (IBS) is a functional bowel disorder characterized by recurrent symptoms, primarily abdominal
pain or discomfort, which is often accompanied by alterations in bowel habits, such as diarrhea or constipation.
According to the Rome IV criteria,' > IBS is classified into four common subtypes: IBS with diarrhea (IBS-D), IBS
with constipation (IBS-C), IBS with mixed symptoms of constipation and diarrhea (IBS-M), and unsubtyped IBS (IBS-
U). It is crucial to emphasize that the Rome criteria are symptom-based and define IBS as a chronic condition, while they
do not specify a singular pathophysiology. The etiology of IBS, particularly IBS-D, is recognized as multifactorial. In
recent years, the prevalence of gastrointestinal diseases has been rising, influenced by dietary patterns and environmental
factors. The global prevalence of IBS is approximately 3.8% according to the Rome IV criteria, with the IBS-D subtype
accounting for roughly 30-40% of all IBS cases.* ® This translates to an estimated global population prevalence for IBS-
D of about 1.1% to 1.5%. In China, the pooled prevalence of IBS based on Rome IV criteria is reported to be around
6.1%, with IBS-D being the most common subtype.® For instance, a large-scale study in Guangdong Province, China,
indicated that IBS-D accounted for 74.1% of the identified IBS cases.” These figures significantly impact patients’ quality
of life. Notably, the proportion of affected females is considerably higher than that of males, with IBS-D being the most
prevalent subtype.® Currently, the pathogenesis of IBS-D remains incompletely understood, as no single factor can fully
elucidate its etiology and symptoms. Contemporary research suggests a complex interplay of multiple mechanisms,

including visceral hypersensitivity, dysregulation of the brain-gut axis, altered gut microbiota, impaired intestinal barrier
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function, genetic predisposition, and psychosocial factors.” Notably, accumulating evidence positions chronic low-grade
intestinal inflammation as a pivotal pathophysiological hub that may interconnect many of these mechanisms and
contribute significantly to symptom generation in a substantial subset of IBS-D patients.

Chronic low-grade inflammation refers to a mild pathological condition characterized by an imbalance in the immune
system, triggered by prolonged exposure to low-dose specific immunogens. This type of inflammation exhibits a degree
that is slightly elevated compared to normal mucosa, yet lacks any overt external manifestations. Low-grade intestinal
inflammation specifically denotes a chronic inflammatory response occurring within the intestine. Although this condi-
tion involves a mild inflammatory reaction, observable pathological changes such as congestion, edema, or mucosal
erosion of the intestinal lining are not detectable by the naked eye. Consequently, low-grade intestinal inflammation is
increasingly recognized as being closely associated with the pathogenesis of IBS-D.'® Enck et al have suggested that
low-grade intestinal inflammation, along with immune response imbalances and other contributing factors, may play
a crucial role in the pathophysiology of IBS.'"! Furthermore, expert consensus indicates that low-grade intestinal
inflammation may contribute to the pathogenesis of IBS-D by activating intestinal immunity.” Currently, the management
of IBS-D primarily focuses on symptomatic treatment, which alleviates symptoms but often leads to relapse upon
discontinuation of medication. This approach has proven to be suboptimal, leading to a waste of medical resources and
imposing a financial burden on patients. Therefore, there is a pressing need to explore new therapeutic methods and
pharmacological options for IBS-D.

This review was conducted based on a comprehensive literature search of electronic databases, including PubMed,
Web of Science, Google Scholar, and CNKI, for relevant articles published between January 2010 and May 2025. The
search utilized a combination of keywords such as “irritable bowel syndrome with diarrhea”, “IBS-D”, “low-grade
inflammation”, “intestinal barrier”, and “gut microbiota”, among others. To ensure the inclusion of high-quality evidence,
we excluded reviews and studies with small sample sizes or unclear diagnostic criteria. The eligible evidence was
synthesized to provide a coherent overview of the current understanding of low-grade inflammation in IBS-D. This
review elaborates on the clinical significance of low-grade intestinal inflammation in IBS-D and examines its underlying
causes. It also discusses potential molecular mechanisms, highlights the critical role of low-grade inflammation in the
pathophysiology of IBS-D, and explores its potential as a therapeutic target.

Importance of Low-Grade Intestinal Inflammation in IBS-D

IBS-D and ulcerative colitis (UC) exhibit similar clinical manifestations; however, IBS-D is not typically classified as an
inflammatory bowel disease (IBD) due to the absence of organic damage to the colonic tissue. According to the Rome IV
criteria, the diagnosis of IBS-D requires the presence of recurrent abdominal pain for at least 1 day per week in the last 3
months, with symptom onset at least 6 months before diagnosis. The pain must be associated with two or more of the
following: related to defecation, associated with a change in stool frequency, or associated with a change in stool form.
Furthermore, to be classified as the IBS-D, more than 25% of bowel movements must be of Bristol stool types 6 or 7, and
less than 25% of types 1 or 2. The symptoms of IBS-D, particularly chronic diarrhea and abdominal pain, overlap with
several other gastrointestinal disorders, making differential diagnosis crucial to avoid misdiagnosis and ensure appro-
priate treatment. A summary of the key distinguishing features between IBS-D and other common diarrheal diseases is
provided in Table 1.

Increasing evidence indicates that inflammation may play a significant role in the pathophysiology of IBS-D. The
timing of inflammation, the plausibility of underlying mechanisms, and findings from animal models with genetic defects
in specific inflammatory molecules collectively suggest that inflammation could play a critical role in the pathogenesis of
IBS-D. However, this inflammation is notably distinct from the classic inflammatory bowel diseases such as UC. The
inflammation observed in IBS-D is typically chronic and low-grade, and it is believed to involve an immune response.”'
For instance, inflammatory plasma protein levels (compared to healthy controls) increase to a lesser extent in the blood
and intestinal mucus of patients with IBS-D than in those with UC. Low-grade inflammation of the intestinal mucosa was
first identified in patients with post-infectious IBS (PI-IBS). Subsequently, increased inflammatory cells and factors in the
intestinal mucosa were also observed in some IBS patients, particularly those with IBS-D."*'> This low-grade intestinal
inflammation appears to play a crucial role in the pathophysiology of IBS-D.'® Research has demonstrated that clinical
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Table | Differential Diagnosis of IBS-D and Common Diarrheal Diseases

Disease Key Clinical Features Key Diagnostic Methods/Biomakers Distinguishing Characteristics &
Notes

IBS-D Recurrent abdominal pain relieved by Positive diagnosis based on Rome IV A functional disorder (disorder of gut-
defecation. No red flags (eg, no rectal criteria. Primarily a diagnosis of exclusion | brain interaction). No structural or
bleeding, weight loss, or nocturnal in the absence of alarm features. Normal biochemical abnormalities. Pain is a central
symptoms). Loose/mushy stools (Bristol routine blood tests, colonoscopy, and requirement.

6-7). biopsies.

ucC Bloody diarrhea, urgency, tenesmus, Colonoscopy with biopsy shows Presence of mucosal inflammation and

systemic symptoms (fever, weight loss). continuous mucosal inflammation, bleeding. Histology is diagnostic.
ulceration, and crypt abscesses starting Distinguishing feature is continuous
from the rectum. Fecal calprotectin is inflammation from the rectum.
typically elevated (>150-200 pg/g).

Crohn’s | Chronic diarrhea, abdominal pain (often Colonoscopy with biopsy shows patchy, Inflammation can affect any part of the Gl

Disease right lower quadrant), weight loss, fatigue. | transmural inflammation, skip lesions. tract (mouth to anus). Transmural
It may present with perianal lesions Imaging (CT/MRI enterography) can show | involvement leads to strictures and fistulas.
(fissures, fistulas). wall thickening and complications.

Celiac Diarrhea, bloating, weight loss, fatigue, A diagnosis of celiac disease is established | Specific response to a gluten-free diet.

Disease | anemia. Symptoms are triggered by gluten- | through positive serology (anti-tissue Characteristic serological and histological
containing foods. transglutaminase IgA) and confirmatory markers.

duodenal biopsy evidence of villous
atrophy and intraepithelial lymphocytes.

BAD Watery diarrhea, urgency, postprandial A definitive diagnosis of bile acid diarrhea | Due to bile acid malabsorption. Diagnosis
exacerbation. It often occurs after rests on the SeHCAT scan, supported by | relies on functional tests or response to
cholecystectomy serum biomarkers 7a4C4 and FGF-19, or specific therapy. Note: Diagnostic

a positive response to a therapeutic trial availability (eg, SeHCAT) varies by region.
with bile acid sequestrants like
colestyramine.

Abbreviations: BS-D, Irritable bowel syndrome with diarrhea; UC, Ulcerative colitis; BAD, Bile Acid Diarrhea.

symptoms such as abdominal pain and diarrhea in IBS-D patients are closely associated with low-grade intestinal
inflammation.'” In fact, this low-grade intestinal inflammation, which can be detected through modern sequencing and
analytical methods such as immunohistochemistry, is a common feature in IBS-D. In contrast to the robust inflammation
seen in UC, the immune cell infiltration in IBS-D—while evident—is far more subtle. It is characterized by a modest
increase in lymphocytes and mast cells within the mucosa, and is accompanied by signs of a systemic low-grade
inflammatory response detectable in the blood.'®

Molecular evidence of low-grade intestinal inflammation continues to accumulate in patients with IBS-D. Recent
studies have demonstrated that in individuals with IBS-D, blood, tissue, and intestinal mucus exhibit increased levels of
not only serotonin (5-HT) and cytokines but also inflammatory mediators produced by goblet cells, mucus-secreting
cells, and mast cells, among others. However, it is important to note that these increases are relatively modest compared
to those observed in patients with UC.'*?° Furthermore, the association between the pathology of IBS-D and various
inflammatory markers has been explored in dedicated IBS-D cohorts. For example, elevations in serum calprotectin,
interleukin-6 (IL-6), and C-reactive protein (CRP) have been reported in IBS-D patients compared to healthy
controls.?*?' It is critical to distinguish these levels from those in IBD; while fecal calprotectin levels in IBS-D cohorts
are typically within the normal range or only slightly elevated (often <100 pg/g), they are significantly lower than the
thresholds indicative of IBD (usually >150-200 pg/g).>** Similarly, increases in CRP and IL-6 in IBS-D are generally
subtle and remain within the low-normal to mildly elevated range, lacking the magnitude seen in active IBD. Thus, while
these biomarkers may hold promise for understanding pathophysiology, their diagnostic utility for IBS-D primarily lies in
differentiating it from IBD, rather than in absolute diagnosis. Current evidence suggests that therapeutic strategies
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targeting low-grade intestinal inflammation could potentially prevent or mitigate multiple pathological features of IBS-D,
thereby slowing the progression of the disease.

Triggers of Low-Grade Intestinal Inflammation in IBS-D

Low-grade intestinal inflammation is characterized by the presence of inflammatory cells in the intestinal mucosa,
occurring without evident structural changes, destruction, or other abnormalities. Currently, this concept is relatively new,
and the levels of pro-inflammatory factors are elevated by 2 to 3 times above the standard. Although the stimulation from
these pro-inflammatory factors is mild, it exerts a long-term effect, typically without manifesting obvious clinical
symptoms.”® When there is an accumulation of inflammatory cells and lymphocytes, along with the activation of cells
leading to secondary tissue damage, this constitutes a pathological inflammatory reaction. Low-grade intestinal inflam-
mation is a hallmark of IBS-D and may contribute to its pathogenesis through mechanisms involving intestinal immune
activation and the nervous system.9’10 Research has indicated that factors such as intestinal immune imbalance, dysbiosis,
intestinal infections, abnormalities in the brain-gut axis, stress responses, as well as dietary and psychological influences,
can all contribute to the development of low-grade intestinal inflammation (Figure 1).

Immune Imbalance Triggers Low-Grade Intestinal Inflammation in IBS-D
Intestinal immune imbalance is a primary trigger for the low-grade inflammation characteristic of IBS-D. Under

physiological conditions, the intestinal immune system maintains a delicate equilibrium, tolerating commensal flora
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while defending against pathogens. In IBS-D, this balance is disrupted, leading to a state of chronic, low-level immune
activation.”**> This activation is a key pathological event that initiates and sustains inflammation.

The aberrant immune response is evidenced by alterations in inflammatory mediators, such as elevated levels of pro-
inflammatory cytokines, which will be discussed in detail in Inflammatory Mediators Can Induce Low-Grade Intestinal
Inflammation in IBS-D.?*?” Importantly, this response is notably milder than the overt inflammation seen in inflamma-
tory bowel disease. The critical role of immune imbalance as a trigger is further supported by evidence showing that
interventions which restore immune homeostasis, such as certain probiotics, can alleviate low-grade inflammation and
IBS-D symptoms.”®*’ Therefore, intestinal immune imbalance acts as a cornerstone in the pathogenesis of IBS-D,
translating various etiological factors into a sustained low-grade inflammatory response.

Dysregulation of Gut Microbiota Homeostasis Also Plays an Important Role in

Low-Grade Intestinal Inflammation of IBS-D

The gut microbiota comprises a large and complex community of microbes that colonize the human gut, co-evolving with
the host to establish a symbiotic relationship. These microorganisms play a crucial role in maintaining the mucosal
barrier, providing essential nutrients, regulating immune function, and resisting pathogens. Typically, they exist in
a balanced state with the human body and its external environment, which is vital for overall health.***" However,
dysregulation in the composition and abundance of these microbes can disrupt this equilibrium and contribute to various
diseases. IBS is associated with the diversity of bacterial communities, with different subtypes of IBS patients exhibiting
distinct microbial profiles.>***> An imbalance in intestinal flora is prevalent among patients with IBS-D, primarily
characterized by reduced bacterial diversity, a decrease in dominant bacterial populations, and an increase in pathogenic
bacteria.>* 3 It is important to note that microbial signatures can vary significantly between studies, influenced by factors
such as geography, diet, and methodology. Furthermore, differences exist between the luminal and mucosa-associated
microbiota, which may have distinct functional implications for host immunity and barrier function. Specific changes at
the phylum level, such as a reported decrease in Firmicutes and an increase in Bacteroidetes, have been described in
some cohorts,?’ but these findings are not uniform across all studies, highlighting the heterogeneity of IBS-D. Data

. . . . . o . 41
regarding Actinobacteria and Bifidobacteria remain inconsistent,”®

underscoring the complexity of the gut micro-
biota in relation to the varying pathological features of IBS-D.***** Consequently, the onset of IBS-D is widely believed
to be closely linked to an imbalance in intestinal flora,** evidenced by a reduction in beneficial intestinal bacteria such as
Bifidobacterium and Lactobacillus, alongside an increase in potentially pathogenic bacteria such as Enterobacteriaceae,
Streptococcus, and Fusobacterium.>*** These shifts in the microbiota are associated with core symptoms of the
disorder, including diarrhea, abdominal pain, and bloating.

The pathophysiological mechanisms connecting dysbiosis to symptoms involve intestinal barrier dysfunction,
immune activation, and low-grade inflammation.***® Patients with IBS-D have been reported to not only exhibit altered
microbiota but also increased intestinal permeability characteristic of this subtype.*”** Dysbiosis can impair the intestinal
barrier through multiple pathways—such as delaying epithelial cell renewal, suppressing antimicrobial protein expres-
sion, and increasing mucosal permeability.”**>' When the intestinal barrier is compromised, vascular permeability
increases, allowing a significant influx of pathogenic bacteria and endotoxins into the bloodstream, which activates the
immune system and elevates cytokine concentrations in the colonic mucosa. Zhong W et al reported that lipopolysac-
charide (LPS), a cell wall component of Proteobacteria, can form a complex with its receptor CD14 and be recognized
by TLR4 receptors on immune cell surfaces, thereby activating the immune system in a moderate manner and promoting
the release of pro-inflammatory factors, this can induce an inflammatory response.*' Increased levels of pro-inflammatory
cytokines such as IL-1B, IL-10, and IL-6 released by monocytes have also been observed in peripheral blood.
Furthermore, when overproliferating pathogenic bacteria colonize the submucosa, they degrade glycoproteins and rapidly
disrupt colonic mucus production, leading to further alterations in intestinal barrier function, specifically increased
permeability, which facilitates significant mucosal translocation of pathogens.’® Jabbar KS et al reported an increase in
Brachyspira, a potential pathogen, within the colon tissue of patients with IBS-D, resulting in mild inflammation
characterized by elevated plasma cells, eosinophils, and mast cells.>® This finding underscores the particular importance
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of investigating mucosa-associated microbes. Pathogenic bacteria can provoke systemic immune responses and localized
inflammatory reactions, particularly in the colon, by colonizing the submucosa.’*> These alterations place the intestinal
mucosa in a state of persistent inflammation, which subsequently contributes to symptoms such as abdominal pain and
diarrhea. Consequently, an imbalance in intestinal flora may activate the immune system, leading to low-grade intestinal
inflammation through increased intestinal permeability and enhanced release of LPS.

Physiologically, the gut barrier underpins the ongoing colonization and symbiotic functions of commensal micro-
organisms. When the integrity of this barrier is compromised, its protective effects are diminished, leading to an
imbalance in immune homeostasis and disturbances in the intestinal microecology. This disruption can trigger
a cascade of non-specific inflammatory responses, resulting in a state of low-grade intestinal inflammation.

Intestinal Infection Tends to Cause Low-Grade Intestinal Inflammation in IBS-D
Low-grade mucosal inflammation resulting from intestinal infection is a potential pathogenic factor in IBS-
D. A significant number of patients with infectious enteritis also experience complications associated with IBS, leading
to a condition known as post-infectious IBS (PI-IBS). For example, Klem F et al conducted a comprehensive meta-
analysis of 45 studies on PI-IBS published between 1994 and 2015, revealing that approximately 10% of intestinal
infections among 21,421 patients with enteritis progress to IBS. Individuals with a history of intestinal infection are at
a 4.2 times higher risk of developing IBS compared to those without such a history.”® It is also noteworthy that a range of
demographic, clinical, and psychological factors significantly modify the risk of developing PI-IBS. The key risk
modifiers identified in the meta-analysis by Klem et al and supporting studies are summarized in Table 2.°*7 In
susceptible individuals, exposure to pathogenic microorganisms induces significant alterations in gut microbiota and
leads to long-term changes in host-microbiota interactions. These alterations can, in turn, impact the gut-brain axis and
visceral sensitivity, disrupt the intestinal barrier, modify neuromuscular function, trigger persistent low-grade inflamma-
tion, and sustain the manifestation of IBS-D symptoms.

Currently, the specific pathogenesis of PI-IBS requires further investigation. However, it can be hypothesized that
immune dysfunction resulting from intestinal infection, an imbalance of inflammatory factors, and damage to the
intestinal mucosal barrier may contribute to its development. Following intestinal infection, it is likely that Toll-like
receptors (TLRs) and pattern recognition receptors (PRRs) composed of TLRs are up-regulated in intestinal epithelial
cells, thereby activating both innate and adaptive immunity by recognizing pathogen-associated molecular patterns.”®
Furthermore, infection can induce an “ecological dysbiosis” within the intestinal mucosa, where the overgrowth of
microbial communities results in increased intestinal permeability, low-grade inflammation, reduced bile salt absorption,
and alterations in long neural system activity.'>***! Once the integrity of the intestinal mucosal barrier is compromised,
bacteria can interact with the host immune system, triggering a cascade of immune responses that lead to low-grade
inflammation of the intestinal mucosa. During this process, TLRs detect specific microbial patterns, prompting host cells
to produce a variety of inflammation-related cytokines, which further impact the intestinal barrier in patients with IBS-
D.%? It is reported that there is a high incidence of intestinal mucosal colonization by Brachyspira in IBS-D patients, with

Table 2 Risk Modifiers for PI-IBS and Their Effect sizes>®

Risk Modifier Association with PI-IBS Risk | Effect Size (OR) | 95% CI
Female sex Significantly increased 2.19 1.57-3.07
Acute illness severity | Diarrhea >7 days Significantly increased 2.62 1.48—4.61
Bloody stools 1.86 1.14-3.03

Abdominal pain 3.26 1.30-8.14

Antibiotic use Increased 1.69 1.20-2.37
Psychological factors Anxiety Increased 1.97 1.32-2.94
Depression 1.49 1.17-1.90

Abbreviations: OR, Odds ratio; Cl, Confidence interval.
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the attachment of Brachyspira to the apical membrane of colon cells observed in 20% of IBS patients, and this
colonization was associated with alterations in molecular pathways, including mild mucosal inflammation and mast
cell activation.”®> Compared to healthy individuals, patients with PI-IBS exhibit differences in cytokines such as IL-6, IL-
7, IL-8, IL-1B, MIP-1p, and in their antibody responses to microbial antigens.®>** Additionally, there is a significant
increase in the expression of CD4+ and CD8+ lymphocytes within the intestinal mucosa.®> These findings suggest that
local low-grade inflammation and immune activation in PI-IBS are primarily induced and sustained by specific cytokines,
which are crucial components of the pathophysiology of this condition. During the period of visceral hypersensitivity
following recovery from intestinal infection, the intestine remains in a state of continuous immune activation, leading to
a long-term, sustained low-grade inflammatory response.?”*®®® Consequently, intestinal infection is regarded as the
primary trigger for the onset and maintenance of persistent low-grade intestinal inflammation.

Dysfunction of the Brain-Gut Axis Makes a Prominent Contribution to Low-Grade

Intestinal Inflammation in IBS-D
The brain-gut axis is a complex bidirectional pathway established between the central nervous system and the enteric
nervous system, involving multiple levels of neurotransmission, endocrine regulation, and immune response. Specifically,
within this system, the nervous system utilizes neurotransmitters such as dopamine, 5-HT, and GABA for the rapid
communication of information that influences mood and cognition. Notably, it is striking that over 90% of 5-HT in the
human body is synthesized by chromaffin cells in the intestinal mucosa, underscoring the gut’s critical role in the
synthesis of neurotransmitters. As a result, abnormal secretion of 5-HT can lead to depression, anxiety, and gastro-
intestinal dysfunction.®””’' The immune system conveys signals through cytokines and is involved in inflammatory
responses and immune regulation. Meanwhile, the endocrine system modulates the body’s stress response and emotional
state through hormones such as cortisol. At present it is widely accepted that dysfunction of the brain-gut axis, caused by
various factors, leads to alterations in related pathophysiological mechanisms, which may be central to the symptoms of
IBS-D.”*7® In addition to this, additional contributing factors include changes in gastrointestinal motility, increased
intestinal mucosal permeability, immune activation, and alterations in intestinal microecology.”* Consequently, there
appears to be a close relationship between brain-gut axis dysfunction and low-grade intestinal inflammation, which
impacts the functions of both the gut and brain through various mechanisms, thereby promoting the development of low-
grade inflammation.”®

Current studies suggest that the brain-gut axis does not directly regulate low-grade intestinal inflammation; rather, it
exerts its effects indirectly through mechanisms such as an imbalance in intestinal flora and dysfunction of the intestinal
barrier resulting from its impairment.”® Research has demonstrated that, compared to healthy controls, patients with IBS-
D exhibit significant abnormalities in the neural activity of relevant brain regions when subjected to visceral stimulation
(eg, rectal balloon distension) during functional magnetic resonance imaging (fMRI) paradigms.”” These neuroimaging
findings often map onto specific symptom clusters; for instance, altered activity in brain regions involved in affective
processing (eg, anterior cingulate cortex, insula) has been correlated with pain severity, while changes in areas related to
sensory-motor integration may be more closely associated with bowel habit alterations.”® Dysfunction of the brain-gut
axis leads to an imbalance in the secretion of neurotransmitters such as 5-HT and dopamine, which not only disrupts the
normal motor and sensory functions of the intestine—resulting in symptoms like diarrhea and abdominal pain—but also
impacts the emotion regulation center of the brain, exacerbating anxiety and depression in patients and creating a vicious
cycle.”"®" This strongly supports the notion of the brain-gut axis as a central hub in the pathophysiological processes
associated with IBS-D. Furthermore, external stressors, poor dietary habits, intestinal infections, and other factors can
disrupt the delicate regulatory balance of the brain-gut axis, triggering a cascade of downstream pathophysiological
changes. These include abnormal gastrointestinal motility, increased intestinal mucosal permeability, intestinal immune
activation, and microecological imbalance, which are key drivers of low-grade intestinal inflammation in IBS-D. For
instance, dysfunction of the brain-gut axis may disturb the balance of intestinal flora, leading to abnormal secretion of
metabolites such as short-chain fatty acids and neurotransmitters, which can subsequently affect brain function and
mood. Additionally, these disruptions may compromise intestinal health, contributing to low-grade inflammation of the
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intestinal mucosa.®*** The dysfunction of the brain-gut axis may impair intestinal barrier function, allowing pathogens
and their toxic components to easily enter the bloodstream and induce a systemic immune inflammatory response.®
Therefore, while brain-gut axis dysfunction is not directly synonymous with low-grade intestinal inflammation, there

exists a significant correlation between the two.

Other Predisposing Factors for Low-Grade Intestinal Inflammation in IBS-D

The complex physiological regulation system of the human body reveals that the stress response, induced by prolonged
negative emotional states such as mental stress and anxiety, can disrupt the homeostasis of the neuroendocrine system,
subsequently impacting the normal functioning of the intestinal tract.*** This stress response activates the HPA axis,
leading to the release of stress hormones. Chief among these are glucocorticoids (primarily cortisol in humans) and
catecholamines (eg, epinephrine and norepinephrine). These hormones mediate a bidirectional dialogue along the brain-
gut axis. Systemically, they act on the central nervous system to modulate perception, mood, and behavioral responses to
stress. Locally within the gut, they exert direct effects: The release of these hormones can impair the intestinal mucosal
barrier function, disrupt the normal functions and activities of both innate and adaptive immune cells in the intestine, and
potentially trigger or exacerbate low-grade intestinal inflammation.

Consequently, the intestinal tract may remain in a microenvironment characterized by subclinical inflammation for an
extended period.”>**% Furthermore, existing studies have highlighted the intricate links between the stress response and
intestinal flora, indicating that stress can significantly alter the ecological balance of intestinal microbiota.”> ** As a core
component of the intestinal microecosystem, intestinal flora is particularly sensitive to stress. Fluctuations in stress
hormone levels may alter the physical and chemical environment within the intestinal tract, including pH and REDOX
potential, thereby affecting the colonization, growth, and metabolism of intestinal flora. These changes can modify the
composition, abundance, and diversity of intestinal microbiota, disrupting the original symbiotic balance and further
compromising intestinal health.”>** Additionally, dietary factors play a crucial role in the development of low-grade
intestinal inflammation. For instance, long-term consumption of high-fat and high-sugar diets leads to excessive
production of adipokines, which stimulate the proliferation of intestinal wall cells and promote inflammatory cell
infiltration. Moreover, spicy and greasy foods can irritate the intestinal mucosa, resulting in mucosal damage and
increased permeability.**>~7

In conclusion, low-grade intestinal inflammation is a characteristic feature of IBS-D, marked by the presence of
inflammatory cells without evident structural damage, a mild excess of pro-inflammatory factors, and a predominantly
asymptomatic state. This condition is associated with various factors, including immune imbalance, gut microbiota
dysbiosis, intestinal infections, abnormalities of the brain-gut axis, and stress responses. Immune imbalance leads to
altered levels of immune cells and inflammatory mediators, while intestinal dysbiosis is characterized by reduced
microbial diversity and an increase in pathogenic bacteria. Following intestinal infection, low-grade mucosal inflamma-
tion may persist due to abnormal immune function and damage to the intestinal mucosal barrier. Dysfunction of the
brain-gut axis impacts neurotransmitter secretion, exacerbates emotional issues, and creates a vicious cycle. Prolonged
mental stress and stress responses affect the intestinal mucosal barrier and immune function through the HPA axis, while
poor dietary habits directly stimulate the intestinal wall and increase permeability. These interrelated factors contribute to
the development of low-grade intestinal inflammation and the manifestation of IBS-D symptoms. Consequently, low-
grade intestinal inflammation represents a multifaceted process involving the interplay of immune, microbial, neurolo-
gical, and psychological factors, as shown in Figure 2.

Molecular Mechanisms of Low-Grade Intestinal Inflammation in IBS-D

In the intestinal tissue of individuals with IBS-D, background conditions such as immune imbalance, dysbiosis, intestinal
infections, and dysfunction of the brain-gut axis can initiate a progressive cycle of changes in local intestinal tissue
permeability and low-grade inflammation. Over time, these changes contribute to intestinal barrier dysfunction.
Numerous molecular components and mechanisms are involved in this process, which will be discussed in the following
sections (Figure 3).
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Abnormal Activation of Immune Cells Can Lead to Low-Grade Intestinal Inflammation
in IBS-D

Patients with IBS-D do not exhibit morphological abnormalities; however, there is notable infiltration of immune cells,
including mast cells, macrophages, dendritic cells, T lymphocytes, and plasma cells. This infiltration contributes to
a sustained non-specific low-grade inflammatory state within the intestinal tract.”® Research indicates that mucosal
immune cell infiltration in IBS patients is influenced by sex; specifically, mast cell infiltration is more pronounced in
female patients, whereas the number of T cells is greater in male patients.’® The relationship between these immune cells

and low-grade intestinal inflammation in IBS-D will be discussed briefly below.

Mast Cells and Macrophages

Innate immune cells, including mast cells and macrophages, are found to be increased and activated in the colon tissues
of patients with IBS-D.'°>'% The local microenvironment and central pressure can facilitate the activation and
degranulation of mast cells, leading to the release of tryptase, histamine, 5-HT, and other inflammatory mediators and
cytokines, which contribute to the pathological processes associated with IBS-D.'** 1% For instance, LPS and tryptase
can stimulate intestinal mucosal mast cells to release prostaglandin E2 (PGE2) and cyclooxygenase-2 (COX-2), which in
turn upregulates 5-HT, resulting in symptoms such as diarrhea and abdominal pain.'®” Histamine, a key inflammatory
mediator released upon mast cell activation, can activate vascular endothelial cells. This increased vascular permeability
facilitates the exudation of plasma proteins and immune cells into the interstitial space, thereby triggering an inflamma-
tory response. Macrophages can differentiate into M1 and M2 phenotypes, which are closely linked to the inflammatory
response and play a crucial role in maintaining intestinal immune homeostasis.'®® LPS and IFN-y promote the polariza-
tion of macrophages towards the M1 phenotype, resulting in the release of pro-inflammatory cytokines such as IL-6, IL-
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12 and TNF-a. Conversely, anti-inflammatory cytokines such as IL-4 and IL-10 drive macrophages towards the M2
phenotype, which is involved in the anti-inflammatory response and the repair of damaged tissues.'®'"" While this M1/
M2 paradigm is well-established in vitro and in animal models, evidence from human colonic biopsies in IBS-D is still
emerging and often shows considerable heterogeneity. Some studies report an increase in markers associated with M1
polarization in IBS-D mucosa, but a clear and consistent polarization profile has not been definitively established,

highlighting the complexity and likely plasticity of macrophage phenotypes in the human gut microenvironment.''"-''?

Dendritic Cells

DCs are the most potent professional antigen-presenting cells in the body, capable of not only initiating immune
responses but also inducing immune tolerance. They play a crucial role in the immune system by bridging innate and
adaptive immunity. In rats with IBS-D, the number of DCs is significantly increased, which can stimulate CD4 " T cells to
promote IL-4 secretion and induce mast cell degranulation.''>''* However, the mechanisms by which DCs operate in
IBS-D remain unclear, necessitating further studies to elucidate this relationship.

T Lymphocytes and Plasma Cells

In the intestinal mucosa of patients with IBS-D, moderate infiltration of adaptive immune cells, including T lymphocytes
and plasma cells, has been observed within the epithelial layer and lamina propria.”® T lymphocytes utilize the T cell
receptor (TCR) on their surface to recognize the major histocompatibility complex (MHC) presented by antigen-
presenting cells (APCs) after binding to antigenic peptides. During episodes of intestinal inflammation, DCs and
macrophages function as APCs, capturing pathogen antigens in the gut, self-antigens released from damaged cells, and
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abnormal antigens generated by an imbalance in intestinal flora. In IBS-D patients, the proportion of Th cells subsets is
dysregulated, and both the function and quantity of regulatory T cells (Tregs) may be compromised.''> Research
indicates that a balance exists between Thl and Th2 cells in the human body; when this balance is disrupted, Thl
cells tend to proliferate and secrete increased levels of IFN-y and TNF-o.''® Tregs are essential for maintaining intestinal
immune tolerance, as cytokines such as IL-10 and TGF-B secreted by Tregs can suppress immune responses.''’ The
excessive activation of Thl cells, coupled with the insufficient functionality of Tregs, leads to an imbalance in immune
regulation. In IBS-D patients, the number or function of Tregs is often reduced or impaired, failing to adequately inhibit
the immune response elicited by Thl cells, which results in the secretion of TNF-o and a shift in intestinal immune
balance towards a pro-inflammatory state. T lymphocytes play a critical role in compromising the intestinal barrier and
regulating the balance of intestinal flora. When T lymphocytes are overactivated, they secrete cytokines that diminish the
expression or impair the function of tight junction proteins such as occludin and claudin, thereby exacerbating low-grade
intestinal inflammation."'®!"” The cytokines secreted by over-activated T lymphocytes alter the intestinal environment,
making it challenging for probiotics that typically thrive in a normal intestinal setting to survive. This alteration
exacerbates the imbalance of intestinal flora, creating a vicious cycle that perpetuates low-grade intestinal
inflammation.'*® Plasma cells, also referred to as effector B cells, are immune system cells responsible for the release
of a significant quantity of antibodies. Notably, plasma cell activation and IgG concentrations were observed to be higher
in patients with IBS-D compared to healthy controls, indicating a close relationship between humoral immune imbalance

and barrier dysfunction. However, further studies are necessary to substantiate this hypothesis.'":'*2

Inflammatory Mediators Can Induce Low-Grade Intestinal Inflammation in IBS-D

As outlined previously, immune activation in IBS-D results in the release of diverse inflammatory mediators. Rather than
acting in isolation, these mediators—including bioactive amines, cytokines, and chemokines—form a complex network
that collectively drives the pathogenesis of low-grade intestinal inflammation by disrupting epithelial barrier function,
dysregulating immune responses, and altering the enteric microenvironment.

Bioactive Amines: Initiators and Coordinators in the Inflammatory Network

As a prime example of interacting inflammatory mediators, bioactive amines—including 5-HT, histamine, dopamine, and
norepinephrine—play a significant role in IBS-D. In patients with IBS-D, the expression levels of 5-HT and histamine are
notably elevated, as evidenced by increased mucosal 5-HT content and elevated histamine concentrations in stool
samples analyzed by ELISA.'**'?* Within the intestinal environment of IBS-D, bioactive amines do not function
independently; rather, they interact with one another, contributing to the induction of low-grade intestinal inflammation.
For instance, an increase in 5-HT promotes the degranulation of mast cells, leading to the release of histamine, which can
subsequently feedback to regulate the release and action of 5-HT. Histamine serves as a potent mediator of inflammation,
enhancing vascular permeability and facilitating the exudation of plasma proteins and immune cells to sites of
inflammation. By activating specific 5-HT receptors, 5-HT influences immune cells, including mast cells, lymphocytes,
and macrophages, prompting the release of cytokines and thereby initiating and sustaining low-grade intestinal

. . 125
inflammation.

Cytokines: A Dysregulated Network Sustaining Inflammation
In IBS-D, a profound imbalance in the cytokine milieu is a hallmark feature, characterized by a shift towards
proinflammatory signaling that overwhelms anti-inflammatory mechanisms.'?® This dysregulation is not merely an
elevation or reduction of individual cytokines but represents a functionally interconnected network that perpetuates low-
grade inflammation through several key aspects:

Epithelial Barrier Breakdown: Proinflammatory cytokines, particularly IFN-y, TNF-a, and IL-1B, act in concert to
compromise intestinal barrier integrity.'?” They disrupt the synthesis and distribution of tight junction proteins, with
TNF-a additionally promoting epithelial cell apoptosis via the NF-kB pathway.'** '3 This breach allows increased

permeation of luminal antigens, further fueling immune activation.
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Immune Cell Activation and Polarization: The cytokine imbalance directly shapes the activity and differentiation of
immune cells. Elevated serum IL-6 levels, measured by ELISA, disrupt immune homeostasis by impairing dendritic cell
function and promoting the differentiation of pro-inflammatory Th cell subsets (Th1, Th17) over regulatory T cells.'*'!3
This leads to a feed-forward cycle of inflammation, as Th1-derived IFN-y and Th17-derived IL-17 further activate other
immune cells like macrophages and sustain barrier dysfunction.'* IL-17, while protective at normal levels, contributes to
microbial dysbiosis when overexpressed.'**

Failure of Anti-inflammatory Control: The deficit in anti-inflammatory cytokines, notably IL-4 and IL-10, is critical
for the persistence of inflammation.'*>'3” TL-10, essential for maintaining immune tolerance and barrier homeostasis.
While some studies have observed no significant difference in circulating IL-10 levels in plasma or serum by ELISA,
others have documented a contrasting pattern of significantly reduced IL-10 mRNA and protein levels in the colonic
mucosa of IBS-D patients.'** '** This loss impairs the negative feedback on proinflammatory cytokine production from
antigen-presenting cells and weakens the mucosal barrier, creating a permissive environment for chronic, low-grade
inflammation.'*!

In summary, the cytokine network in IBS-D functions as a self-sustaining system where barrier disruption, proin-
flammatory immune cell polarization, and impaired regulatory control interact synergistically to maintain a state of

chronic low-grade inflammation.

Chemokines: Recruiting and Activating Immune Cells to Perpetuate Inflammation

Chemokines are central to the pathogenesis of IBS-D by orchestrating the targeted recruitment of leukocytes into the
intestinal mucosa, thereby amplifying and sustaining the low-grade inflammatory response. This process creates a vicious
cycle that links immune activation, barrier dysfunction, and even microbial dysbiosis.

A key player in this process is IL-8. Studies measuring IL-8 by ELISA have demonstrated elevated levels in both the
colonic mucosa and serum of IBS-D patients compared to healthy controls, providing direct human evidence for its
involvement.'** IL-8 functions as a potent chemoattractant for neutrophils.'*> The recruitment and activation of
neutrophils at the inflammatory site lead to the release of reactive oxygen species and proteases, which directly
compromise the integrity of the intestinal epithelial barrier.'** This breach further allows for increased antigen penetra-
tion, perpetuating immune activation. Similarly, monocyte chemoattractant protein-1 (MCP-1/CCL2) is over-expressed
specifically in the intestinal mucosa of IBS-D patients, leading to the influx of monocytes/macrophages.'*>'*® Once
recruited, these cells become a significant source of pro-inflammatory cytokines, such as TNF-a and IL-1p. This creates
a critical link between chemokine signaling and the cytokine network: the recruited cells exacerbate the existing
inflammatory milieu, which in turn can stimulate further chemokine production by resident cells, forming a positive
feedback loop that chronicizes inflammation.'*” Other chemokine axes also contribute to this network. For instance, ele-
vated levels of the CXCL11/CXCR3 axis, which is implicated in recruiting Thl cells, have been observed in the
peripheral blood of IBS-D cohorts.'*® While data on MIP-1p (CCL4) in IBS-D are more limited, its potential role is
suggested by studies in related functional GI disorders. Importantly, the chemokine response is not isolated; it can be
directly influenced by the intestinal microbiota. Certain bacterial components can stimulate the production of chemokines
like IL-8 and CXCL11, thereby linking microbial dysbiosis to the ongoing immune cell recruitment and inflammation in
BS-D 149-151

In conclusion, rather than acting independently, chemokines function as crucial amplifiers within the inflammatory
mediator network of IBS-D. By directing the influx of specific immune cells, they directly contribute to barrier damage
and reinforce the pro-inflammatory cytokine cascade, ultimately sustaining the state of low-grade intestinal inflammation.

Signaling Pathways Associated with Low-Grade Intestinal Inflammation in IBS-D

Now, the most extensively studied inflammation-related pathway in IBS-D is the TLRs/NF-kB signaling pathway
(Figure 4). To begin with, TLRs are vital pattern recognition receptors (PRRs), primarily expressed on the cell membrane
surfaces of immune cells, such as macrophages and dendritic cells, as well as non-immune cells, including intestinal
epithelial cells. As key components of the innate immune system, TLRs recognize various pathogen-associated molecular
patterns (PAMPs) and damage-associated molecular patterns (DAMPs), thereby triggering immune responses.
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Figure 4 Inflammatory signaling pathways of low-grade intestinal inflammation in IBS-D.

Meanwhile, NF-kB, a protein complex, regulates DNA transcription, cytokine production, and cell survival, playing
a crucial role in modulating immune and inflammatory responses. In the context of IBS-D, TLRs are closely associated
with immune activation and the secretion of cytokines and chemokines.'>* Specifically, the activation of the TLRs
signaling pathway promotes the activation and proliferation of immune cells, such as macrophages and DCs, leading to
the release of numerous inflammatory factors, including TNF-a, IL-1pB, and IL-6, which are elevated in the intestinal
mucosa of IBS-D patients. Furthermore, TLRs activate downstream signaling molecules, such as NF-xB and MAPK,
through a series of adaptor proteins including MyD88. This activation, in turn, enhances the production of cytokines and
chemokines, contributing to a low-grade inflammatory response. Research has demonstrated that the expression of TLR-
2, TLR-4, and TLR-5 is elevated in the colonic tissues of IBS-D patients. More specifically, the upregulation of TLR-4
and TLR-5 mediates an increase in pro-inflammatory cytokines while decreasing anti-inflammatory cytokines, thereby
inducing low-grade intestinal inflammation.'”-'>?

The PI3K/Akt signaling pathway is a crucial signal transduction pathway in cells, playing a significant role in various
physiological processes, including cell growth, proliferation, survival, metabolism, and migration.'>*'>* The relationship
between PI3K/Akt and NF-«B is context-dependent and can appear paradoxical, as this pathway can exert both pro-
inflammatory and anti-inflammatory effects.'>® In intestinal epithelial cells, which are critical for maintaining barrier
integrity, Akt activation can promote cell survival and contribute to barrier repair, which is fundamentally an anti-
inflammatory process. Under specific conditions, Akt can also phosphorylate and inhibit specific components of the NF-
kB pathway, thereby exerting a restraining effect on inflammation.'>”"'3® However, in immune cells such as macrophages
and mast cells—which are key drivers of inflammation in IBS-D—the effect of PI3K/Akt signaling is predominantly pro-
inflammatory.''? In these cells, Akt acts as a key driver of NF-kB activation, enhancing the transcription of pro-
inflammatory cytokines like TNF-o and IL-1B.">® This immune cell-mediated, pro-inflammatory role is highly relevant
in the context of IBS-D. For instance, in the state of microbiota dysbiosis, bacterial products like LPS can activate PI3K/
Akt in mucosal immune cells, leading to NF-kB-driven production of inflammatory mediators and contributing to the
observed low-grade inflammation.'®® Furthermore, the PI3K/Akt pathway is integral to regulating the intestinal mucosal
barrier. Studies by Chen et al demonstrated that this pathway is essential for maintaining the expression of tight junction
proteins (eg, ZO-1, occludin) in intestinal epithelial cells, and its inhibition compromises barrier integrity.'®' Therefore,
a dysregulated PI3K/Akt pathway in IBS-D may have a dual impact: it can directly promote inflammation via immune
cell activation while simultaneously creating a permissive environment for inflammation by impairing the epithelial

barrier, thus allowing increased translocation of luminal antigens.
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Harnessing Low-Grade Inflammation as a Therapeutic Linchpin in IBS-D

Current Integrative Strategies in East-West Therapeutic Paradigms for IBS-D
Currently, treatment strategies for IBS-D primarily focus on symptom management, with no definitive cure available for
the condition. The main objective of IBS-D treatment is to alleviate symptoms and enhance the quality of life, which thus
necessitates an individualized and comprehensive treatment approach. Management options for IBS-D encompass dietary
adjustments, lifestyle improvements, the use of probiotics, fecal microbial transplantation, psychotherapy, and pharma-
cological interventions aimed at symptom relief. This article summarizes the current status comparison of drug therapy
for IBS-D according to AGA (American Gastroenterological Association) Clinical Practice Guideline on the
Pharmacological Management of Irritable Bowel Syndrome With Diarrhea, as summarized in Table 3. The guidelines
offer clear recommendations for eluxadoline, rifaximin, alosetron, and tricyclic antidepressants (TCAs) based on robust
clinical evidence. Specifically, eluxadoline is recommended for IBS-D. In two Phase 3 trials, eluxadoline (100 mg twice
daily) significantly improved the FDA composite endpoint (=30% reduction in worst abdominal pain and >50% reduction
in days with BSFS type 6/7 stools) compared to placebo (RR 0.87, 95% CI 0.83-0.92). It also improved stool
consistency, urgency, and IBS-QOL. However, discontinuation due to adverse events was higher with eluxadoline
(8%) than placebo (4%), and it is contraindicated in patients without a gallbladder or those consuming >3 alcoholic
beverages/day due to risks of pancreatitis and sphincter of Oddi spasm. Moreover, rifaximin is recommended for initial
treatment and retreatment upon recurrence. Rifaximin (550 mg TID for 14 days) improves global symptoms and bloating,
with a safety profile similar to placebo, and retreatment is effective and safe for recurrent symptoms. Additionally,
alosetron is suggested for women with severe IBS-D under a risk-management program, and it improves global
symptoms, pain, and stool consistency but carries risks of ischemic colitis and constipation. Meanwhile, TCAs are
suggested for IBS. TCAs improve global symptoms and abdominal pain but are associated with higher adverse events
(eg, dry mouth, sedation) leading to discontinuation. The AGA suggests against SSRIs due to lack of significant benefit.
Evidence for loperamide and antispasmodics is limited, and they are not specifically recommended for IBS-D.'*
Moreover, this paper also provides a simple interpretation of the Expert Consensus on the Diagnosis and Treatment of
Irritable Bowel Syndrome in Traditional Chinese Medicine, issued by the Spleen and Stomach Disease Branch of the Chinese
Association of Traditional Chinese Medicine in 2025. It summarizes the classification and treatment methods for IBS-D in
traditional Chinese medicine (TCM). This consensus offers an authoritative framework for the diagnosis and treatment of
IBS-D within the realm of TCM.” It details how IBS-D is categorized into various syndrome types based on the patient’s
constitution, symptoms, and etiology, leading to the formulation of individualized treatment plans. According to TCM theory,
IBS-D can be divided into four TCM syndrome patterns, including syndrome of liver depression and spleen deficiency,
syndrome of spleen deficiency and dampness excess, spleen-kidney yang deficiency syndrome and large intestinal dampness-
heat syndrome. For each TCM syndrome pattern, it gives the corresponding recommendations of Chinese patent medicine,
such as Tongxiening granules, Qizhi weitong granules or tablets can be selected for syndrome of liver depression and spleen
deficiency; and Ginseng spleen-strengthening pills or tablets, Shenling Baizhu granules can be used for syndrome of spleen
deficiency and dampness excess; and Sishen pills, Guben Yichang tablets can be selected for spleen-kidney yang deficiency
syndrome; and Gegen Qinlian pills, Coptis tablets, Fengliang Changweikang granules can be used for large intestinal
dampness-heat syndrome. By employing a comprehensive approach that includes Chinese herbal medicine, acupuncture,
massage, and other characteristic therapies, the aim is to restore the balance of Yin and Yang in patients and enhance the
function of the spleen and stomach.'®>"'®® These approaches seck to effectively alleviate the symptoms of IBS-D and
improve patients’ quality of life. Despite the availability of various drugs and methods currently used to relieve symptoms in
IBS-D patients, existing treatment options still struggle to address all the complexities associated with the condition.
Therefore, there is an urgent need to develop new therapies that can alleviate the suffering of IBS-D patients while
minimizing the risk of adverse reactions.

Targeting Low-Grade Inflammation is a Promising Approach in IBS-D
In recent years, advancements in biomedical research have significantly enhanced our understanding of the mechanisms
underlying inflammation. This complex biological process involves the interaction of various cells, molecules, and
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Table 3 Summary of Pharmacological Agents for IBS-D from AGA guideline'®?

Agents AGA Key Efficacy | Trial Key Adverse Events & Regulatory & Safety Notes
Recommendation | Endpoint Duration Discontinuation
& Evidence (vs Placebo)
Certainty
Eluxadoline Conditional FDA 26 weeks I. Common:  constipation | |. FDA-approved for IBS-D.
recommendation and | responder, (8%), nausea (7%). 2. Contraindications: No gallblad-
Moderate certainty RR 0.87 2. Serious: pancreatitis, der; history of pancreatitis/
(0.83-0.92). sphincter of Oddi spasm. Sphincter of Oddi disease; severe
3. Discontinuation due to hepatic impairment; alcohol abuse
AEs: 8% vs 4% (placebo). (>3 drinks/day).
Rifaximin Conditional FDA 2-week I. AEs similar to placebo. |. FDA-approved for IBS-D.
recommendation and | responder, treatment 2. Drug-related AEs: 12.1% | 2. Approved for retreatment (up to
Moderate certainty RR 0.85 +4-week vs 10.7% (placebo). 2 cycles) upon symptom
(0.78-0.94). follow-up 3. Rare C. difficile colitis recurrence.
(initial); reported.
Retreatment
studied.
Alosetron Conditional Global 12-48 weeks | Serious: Ischemic colitis |. FDA-approved with restrictions.
recommendation and | Symptom (~1.03/1000 patient-years), 2. Indicated only for women with
Moderate certainty Improvement, serious complications of severe IBS-D inadequately
RR 0.60 constipation (~0.25/1000 responsive to conventional
(0.54-0.67). patient-years). therapy.
3. Available only through a Risk
Management Program.
TCAs Conditional Global 6-12 weeks I. Common: Anticholinergic | |. Used off-label for IBS.
recommendation and | Symptom effects (dry mouth, seda- | 2. Dosing is typically lower than for
Low certainty Improvement, tion, constipation). depression.
RR 0.67 2. Withdrawal due to AEs:
(0.54-0.82). RR 2.11 vs placebo.
Loperamide Conditional Abdominal 3-5 weeks Data insufficient from old, |. FDA-approved for diarrhea.
recommendation and | Pain Relief, small trials. 2. Used off-label for IBS-D.
Very low certainty RR 0.41 3. Not recommended for relief of
(0.20-0.84). abdominal pain or global
symptoms.
SSRIs Conditional against Global 6-12 weeks No significant difference I. Used off-label for IBS.
recommendation and | Symptom from placebo in available 2. Evidence does not support effi-
Low certainty Improvement, studies. cacy for core IBS symptoms.
RR 0.74
(0.52-1.06).
Antispasmodics | Conditional Global Varies (often | Common: Dry mouth, I. Used off-label for IBS.
recommendation and | Symptom short-term) dizziness, blurred vision. 2. 2. A heterogeneous drug class;
Low certainty Improvement, hyoscine, dicyclomine, and pep-
RR 0.67 permint oil are available in the US.
(0.55-0.80).

Abbreviations: RR, relative risk, 95% Cl; AEs, Adverse Events.

signaling pathways.'®”'® In states of low-grade inflammation, although the inflammatory response is less intense than in
acute inflammation, persistent inflammatory factors and immune cells can still pose a potential threat to the body.
Consequently, researchers are focusing on the development of new anti-inflammatory drugs that can effectively inhibit
the inflammatory response with high specificity and minimal side effects. This includes biological agents that specifically
target key inflammatory molecules to reduce adverse effects and improve efficacy.'®®!’® Significant progress has been
made in targeting low-grade inflammation across various disease fields, particularly in osteoarthritis, type 2 diabetes,
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tumors, NLRP3 inflammasome-related diseases, and immune-mediated inflammatory bowel disease (IBD).'”'"'7?

Biologics such as anti-TNF-a monoclonal antibodies, anti-integrin monoclonal antibodies, and anti-IL monoclonal
antibodies have been approved worldwide for the treatment of IBD.'”*'7® Although the low-grade inflammation of
the intestinal mucosa in IBS-D is not as pronounced as that in IBD, persistent inflammation can disrupt normal intestinal
function, leading to a range of typical symptoms including abdominal pain, diarrhea, and abdominal distension. Given
the critical role of low-grade inflammation in IBS-D, and considering the successful strategies targeting low-grade
inflammation in immune-mediated IBD, new anti-inflammatory therapies may offer promising opportunities for the
treatment of IBS-D."”’

Conclusions and Prospects

Research to date increasingly positions chronic low-grade intestinal inflammation as a central, actionable pathophysio-
logical hub in IBS-D, interconnecting diverse triggers such as immune dysregulation, gut microbiota imbalance, brain-
gut axis dysfunction, and environmental stressors. This mechanistic understanding offers a pivotal shift in perspective:
IBS-D is not merely a functional disorder of unexplained symptoms, but may encompass a spectrum of conditions with
varying degrees of inflammatory drive. This recognition has direct clinical implications. First, it underscores the urgent
need for diagnostic refinement. Moving beyond the current, purely symptom-based Rome criteria, future diagnostics
should integrate objective biomarkers of low-grade inflammation—such as specific mucosal transcriptomic signatures,
panels of inflammatory mediators in serum or stool, or spatial metrics of immune cell activity—to identify the
“inflammatory subtype” of IBS-D. This stratification is the critical first step toward personalized medicine. Second,
and most consequentially, this understanding redefines the therapeutic goal from symptomatic management to targeted,
mechanism-based intervention. For patients stratified into an inflammatory subtype, therapy can be directed at the
causative inflammatory pathways themselves. The most promising avenues for such causative therapy include: (1) the
repurposing and refinement of targeted immunomodulators (eg, mast cell stabilizers, specific cytokine inhibitors against
IL-1B, IL-6, or TNF-a, or leukocyte trafficking inhibitors) in biomarker-defined subgroups; (2) the development of novel
agents targeting upstream triggers, such as next-generation prebiotics/probiotics or defined microbial consortia to correct
inflammation-inducing dysbiosis, alongside compounds that directly enhance intestinal barrier integrity; and (3) the
validation of multi-modal strategies that combine gut-directed anti-inflammatory agents with treatments modulating the
brain-gut axis (eg, neuromodulators, psychotherapy) to address the systemic nature of the disorder.

In summary, the future of IBS-D management lies in deconstructing its heterogeneity through inflammatory subtyp-
ing. By prioritizing the validation of precise biomarkers and subsequently testing targeted anti-inflammatory therapies in
the identified patient subgroups, research can fundamentally change the therapeutic paradigm from blanket symptomatic
control to tailored, causative therapy, ultimately improving long-term outcomes.
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