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Abstract Sections
Irritable bowel syndrome (IBS) is one of the most prevalent disorders Introduction
of gut-braininteraction, characterized by recurrent abdominal pain Epidemiology

orabdominal discomfort associated with altered bowel habitsin the
absence of identifiable structural disease. IBS affects ~4-11% of the global | — : :
population and is associated with substantial healthcare utilization, aD,:ZgS;S\;:ﬁgﬁenmg
impaired quality of life and considerable socioeconomic burden.
IBSisincreasingly recognized as a heterogeneous condition caused by
dysregulated bidirectional communication within the gut-brain axis.
Altered gastrointestinal motility, visceral hypersensitivity, epithelial Outlook
barrier dysfunction, neuroimmune activation, gut microbiome

and metabolome changes, central pain amplification, stress and
autonomic dysregulation, and sex-related biological influences underlie
pathophysiological mechanisms. IBS can develop after agastrointestinal
infection and can frequently co-occur with other disorders of gut-brain
interaction, chronic pain conditions, psychological disorders and
organic gastrointestinal disorders such as inflammatory bowel disease
and coeliac disease. Diagnosis relies on a positive symptom-based
approachusingthe RomeV criteria, supported by clinical assessment and
limited testing to exclude differential diagnoses. Management focuses
onimproving symptoms and quality of life through anindividualized,
stepwise approach thatinvolves patient education, dietary interventions,
pharmacological therapies and gut-brain behaviour therapies. Emerging
biomarkers, multi-omics approaches, digital health tools and precision
medicine strategies may enable mechanism-based diagnosis and
targeted treatmentin the future.

Mechanisms/pathophysiology

Management

Quality of life
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Introduction

Irritable bowel syndrome (IBS) is characterized by recurrent abdominal
pain or abdominal discomfort associated with altered bowel habits,
including changes in stool frequency and/or stool form'. IBS is clas-
sified according to the bowel habit subtypes — IBS with predominant
constipation (IBS-C), IBS with predominant diarrhoea (IBS-D), IBS with
mixed bowel habits (IBS-M) and unclassified IBS (IBS-U)*. IBS imposes
a substantial global burden owing to its high prevalence, chronic
course, and impact on quality of life and healthcare utilization®™. IBS
cansubstantially impair the quality of life of affected individuals, with
effects extending beyond gastrointestinal symptoms to daily function-
ing, work productivity, social relationships, food-related quality of
life and emotional well-being. These effects contribute to increased
healthcare utilization and indirect costs, including absenteeism and
presenteeism®®,

Substantial advances in neurogastroenterology and systems
biology have reshaped our understanding of IBS pathophysiology.
Within the Rome Foundation framework, IBS is classified as a dis-
order of gut-brain interaction (DGBI)’, reflecting the bidirectional
communication between the peripheral gastrointestinal system and
the central nervous system (CNS) that underlies symptom genera-
tion. The term does not imply that symptoms originate primarily in
the brain, nor does it exclude peripheral biological abnormalities.
Although the nomenclature remains debated, it was adopted through
aninternational, multidisciplinary expert process and is used here in
the Primer as an integrative framework, recognizing that the relative
contributions of peripheral versus central mechanisms vary among
patients®. In IBS, the relationship between the gut and CNS is best
viewed as a complex system, encompassing the neural, immune and
endocrine systems, and microbial, metabolic and stress pathways,
thatinteracttoinfluence motility, visceral sensation, stress responses
and symptom perception" (Fig. 1). At the same time, CNS processes,
including stress responsiveness, emotional regulation and cognitive
processing of interoceptive input, contribute to symptom perception
and illness behaviour. These interacting mechanisms help explain
the heterogeneity of IBS symptoms, the co-existence with other DGBI
and non-gastrointestinal conditions, and the variability in treatment
responses observed among patients™ ",

IBS is diagnosed using symptom-based criteria — currently the
Rome V diagnostic criteria, which emphasize the presence of recur-
rent abdominal pain or discomfort associated with changes in stool
frequency or form'. As nosingle biomarker currently characterizes IBS,
diagnosisrelies onapositive clinical strategy, which integrates symp-
tom assessment, recognition of alarm features and limited diagnostic
testing to exclude alternative organic disease. A positive diagnostic
approach has been shown to improve patient satisfaction, reduce
unnecessary investigations and facilitate earlier implementation of
targeted management strategies™"*.

Management of IBS focuses on improving symptoms and quality
of life through individualized treatment strategies that address the
multifactorial mechanisms. The current approach typically integrates
a therapeutic patient-clinician relationship, patient education and
reassurance, dietary and lifestyle modifications, pharmacological
therapies targeting predominant symptoms, such as bowel habits or
visceral pain, and brain-gut behaviour therapies aimed at modulating
central and peripheral signalling pathways'. Owing to the heteroge-
neous pathophysiological mechanisms, treatment responses vary
among patients, and many individuals require a stepwise or multimodal
therapeutic approach.

Despite progress in understanding IBS pathophysiology and
treatment, major unmet needs remain. IBS is clinically heterogene-
ous, and it remains unclear whether all forms of IBS represent vari-
ations of the same disorder or distinct mechanistic subtypes with
different aetiology and treatment needs. Current therapies are
largely selected empirically based on predominant symptoms and
benefit only asubset of patients, underscoring the need for validated
biomarkers, reliable diagnostic tests, mechanistic subtyping and
precision treatment strategies. Key research priorities include bet-
ter defining the mechanisms underlying bowel urgency, abdominal
pain, visceral hypersensitivity, altered bowel control and gut-brain
dysregulation. In addition, the roles of diet, the gut microbiome, psy-
chological comorbidity, hormonal changes across the menstrual cycle,
pregnancy and menopause must be clarified, as well as which dietary
changes or behavioural, neuromodulatory, microbiome-directed or
gut-brain therapies are most effective for specific patient subgroups®.
Emerging multi-omics, microbiome, neuroimaging, digital healthand
systems biology approaches offer new opportunities to move from
symptom-based care towards mechanism-informed diagnosis and
individualized management.

In this Primer, we summarize the current knowledge regarding
the epidemiology, pathophysiology, diagnosis and management
of IBS in adults and highlight emerging insights that are reshaping
the existing conceptual framework of this common and complex
disorder.

Epidemiology

Prevalence

A 2012 systematic review and meta-analysis of 81 population-based
cross-sectional surveys estimated the global prevalence of IBS to be
11.2%’. However, this estimate was made across multiple diagnostic
criteria, including historical definitions of IBS. Hence, prevalence esti-
mates inindividual studies varied widely and were probably overesti-
mated. In 2021, the Rome Foundation conducted an internet-based,
cross-sectional surveyinvolving >50,000 individuals from 26 countries
using standardized methodology, predefined demographic quotas
for age and sex, and Rome IV diagnostic criteria’. Overall, the survey
reported a pooled prevalence of 4.1% globally. However, this study has
afewlimitations, including the fact that itis unclear how many people
were approached to complete the survey but declined, and whether
they differed from people who agreed to participate and completed the
survey.Inaddition, there wasreliance on self-completed questionnaires
without clinical evaluation or diagnostic testing to confirm diagnoses.
Thus, some participants may have had a structural disorder causing
their symptoms, althoughindividuals self-reporting relevant organic
diagnoses were excluded from meeting criteria for IBS. Moreover,
geographical coverage was also limited, particularly in Africaand the
Middle East.

Inaddition, usingthe Rome IV criteria, the prevalence in countries
participating in the internet portion of the survey was found to be
lowestin South Asian countries, such as Singapore (1.3%), Japan (2.2%)
and China (2.3%), and highestin Egypt (7.6%), although prevalence was
between 3% and 5% in most other countries participating”. Given the
uniform methodology used, these relatively minor variations suggest
that genetics, cultural factors and dietary habits may influence the
prevalence of IBS. In the same survey, prevalence of IBS was similar
in low-income countries, such as Egypt (7.6%), Bangladesh (4.6%),
Indonesia (3.5%) and Nigeria (2.7%); however, in some of these coun-
tries, face-to-face surveys rather than internet-based surveys were
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Fig.1|Microintestinal environmental factors involved in the
pathophysiology of and symptom generationinirritable bowel syndrome.
Theintestinal microenvironment comprises luminal contents, epithelial
barrier properties, microbial activity,immune mediators and bidirectional
gut-brainsignalling. Dietary factors, including food antigens and fermentable
oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs),
influence the luminal environment through interactions with the mucus layer
and resident microbiota. Microbial metabolic activity produces bioactive
molecules, such as short-chain fatty acids (SCFAs), modifies bile acid pools
and canregulate protease activity, thereby affecting epithelial function and
sensory signalling. Structural changes in the mucus layer or microbial biofilms
may bring microorganisms into closer contact with the epithelium and weaken
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barrier integrity, allowing luminal components, including lipopolysaccharide
(LPS), bacteria and proteases, to interact with epithelial and immune cells.
Immune cells, particularly mast cells and enteroendocrine cells, release
signalling molecules such as histamine, proteases and serotonin (5-HT),

which modulate intestinal secretion, motility and sensory pathways. Through
neural and humoral signalling routes, these local processes engage the enteric
nervous system and communicate with the central nervous system. Disruption
of these interconnected pathways can contribute to visceral hypersensitivity,
dysregulated motility and low-grade immune activation, and may participate
in the perception of gastrointestinal symptoms characteristic of irritable bowel
syndrome. RBC, red blood cell. Reprinted with permission from ref. 61, Elsevier.

conducted owingtoalack ofinternetaccess. The epidemiology of IBS
in other low-income settings is unclear due to a lack of studies using
current diagnostic criteria®.

The Rome Foundation’s internet-based, cross-sectional Rome V
survey included 28,771 adults, ~2,000 from each of 15 countries: Argen-
tina, Canada, China, France, Germany, Japan, Mexico, Poland, Romania,
South Korea, Spain, Sweden, Turkey, the UK and the USA. The overall

prevalence of IBS was 8.5%, including 2.7% with IBS-C, 2.3% with IBS-D,
2.9% with IBS-M and 0.6% with IBS-U".

Inthe USA, 25-50% of individuals with IBS consult with a primary
care physician annually, averaging 2-3 visits per year, a rate compa-
rable to that observed in individuals with asthma or migraine”. In the
UK, IBS accounted for nearly one-third of gastrointestinal presen-
tations in primary care, with approximately one-third referred to
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gastroenterologists'®. One UK study found that almost 50% of indi-
viduals with IBS consulted their primary care physician and 25% among
these individuals sought gastrointestinal care for their abdominal
symptoms in the preceding year®.

Sex. IBS prevalence varies by sex and shows apredominance inwomen.
The Rome Foundation Global Study estimated that 5.2% of women met
RomelV criteria for IBS compared with 2.9% of men*?°. Sex differences
inprevalence are also evident across subtypes: for example, IBS-C and
IBS-M are approximately twice as prevalentin women asin men (IBS-C,
1.8% versus 0.8%; IBS-M, 1.8% versus 0.9%). By contrast, the sex differ-
ence in IBS-D is less marked (1.3% in women versus 1.0% in men)?, and
insome studies using other diagnostic criteria, the prevalence of IBS-D
is higher in men than in women?.

Age. IBS prevalence also varies according to age. In the Rome Foun-
dation Global Study, the prevalence of IBS (according to Rome IV
criteria) was highestamongindividuals aged 18-39 years (5.3%), lower
among those between 40 and 64 years (3.7%), and lowest among those
>65years (1.7%)~. Whether the onset of IBS at different ages represents a
biologically distinct disease remains unclear. However, age at symptom
onset affects diagnostic evaluation: longstanding, typical symptoms
in ayounger adult are managed differently than new-onset bowel
symptoms in an older adult, in whom colorectal cancer, microscopic
colitis, medication effects and differential diagnoses warrant careful
consideration. New-onset abdominal symptoms later in life should
therefore lower the threshold for investigation to exclude organic
disease, without the assumption that the symptoms represent a distinct
IBS mechanism.

The natural history of IBS is one of a chronic relapsing and remit-
ting disorder. Extended follow-up in longitudinal studies using the
Rome IV criteria suggests that, overall, around two-thirds of people
have chronicintermittent symptoms. The remainder one-third either
report symptom resolution at the point of follow-up or experience
fluctuationsin their symptoms, resulting in a diagnosis consistent with
another DGBI such as chronic constipation or functional dyspepsia”.
Despite its chronic nature, large population-based studies demon-
strate no convincing evidence that IBS is associated with increased
mortality?*.

From an epidemiological perspective, IBS is best viewed within
a broader landscape of overlapping conditions rather than as an iso-
lated disorder™. In the Rome Foundation survey, almost one-third
of individuals with any DGBI reported symptoms consistent with at
least two different DGBISs in at least two anatomical gastrointestinal
regions®. Individuals with symptoms overlapping with two or more
conditions had higher symptom severity, psychological comorbidity
and healthcare utilization, as well as worse quality of life, than those
without overlapping symptoms?. The gastroduodenal region is the
most commonly co-affected region in IBS, with functional dyspepsia
overlappingin17-55% of adults, reaching 55% of individuals in alarge
cohort withIBS defined by the RomelV criteria. More broadly, agreater
number of overlapping DGBIs was associated with more severe symp-
toms and increased healthcare use*****. IBS-like symptoms can also
coexist with organic gastrointestinal disease, including inflammatory
bowel disease (IBD) and coeliac disease®*.

Risk factors
Studiessuggest that therisk of developingIBS arises from complexinter-
actions among biological, psychological, clinical and environmental

factorsrather thanasingle cause”. However, many reported relation-
shipsare associative, and causal effects and modifiable targets require
prospective validation.

Biological vulnerability factors include female sex and genetic
susceptibility. Female sex is among the most extensively studied risk
factors for IBS and is associated with a pooled odds ratio of 1.56 (95%
Cl1.4-1.7)%%. Large-scale biobank studies have identified genetic sus-
ceptibility loci associated withcommon mental disorders and the cen-
tral and enteric nervous system”. However, modest effect sizes suggest
that the heritability of IBS is low and can be modified by epigenetic and
environmental factors®*°,

Psychosocial stress and psychological comorbidies are among
the strongest risk factors for IBS. Indeed, anxiety and depression are
each associated with up to twofold increased risk for developing the
condition®*, This relationship is bidirectional — baseline anxiety
independently predicts new-onset IBS, whereas existing IBS predicts
subsequent development of anxiety and depression***. Individuals
with adverse childhood experiences, including emotional, sexual or
physical abuse and exposure to household mentalillness or substance
abuse, are about twice as likely to develop IBS as those without these
experiences®®,

Clinical risk factors for IBS include enteric infections, antibiotic
exposure, prior intestinal inflammation (for example, diverticulitis),
and abdominal or pelvic surgery, whereas environmental factors
include diet and chronicstress. Acute infectious gastroenteritisis the
strongest established environmental trigger for IBS and provides the
clearest model for studying the transition from an acute insult to persis-
tent gastrointestinal symptoms®~*%, Studies have shown that 10-15% of
individuals develop IBS following acute infectious gastroenteritis (that
is, post-infection IBS). The risk for developing IBS is further elevated
following exposure to pro-inflammatory microorganisms such as
Campylobacter and SARS-CoV-2 (ref. 38,39). Increased susceptibility to
developing post-infection IBS isinfluenced by the severity and duration
oftheacuteillness, female sex, and psychological distress at or before
the infection, including anxiety, somatization or neuroticism, which
potentially compromises altered bidirectional gut-brain signalling™s.
Prior antibiotic use has also emerged as anindependent risk factor, irre-
spective of age, particularly with repeated exposures*®*’, In addition,
population-based studies have demonstrated that high diet quality is
associated with areduced incidence of IBS*.

Financial burden

In aRome Foundation survey of three nations (Canada, the USA and
the UK), individuals with IBS (as per Rome IV criteria) had significantly
higher rates of healthcare utilization, including consultations with a
physician, medication use and prior abdominal surgery, than those
without IBS®. Contemporary data concerning the economic impact
of IBS on healthcare systems are relatively scarce. However, a UK
study estimated that direct healthcare costs attributable to Rome IV
IBS exceed £1 billion per year®. In the 2024 US study on the burden of
gastrointestinal diseases, IBS was estimated to account for 750,000
office-based physician visits annually*’. There are also indirect costs
that arise from IBS, which result from its effect on the ability to work.
Sickness-related absence was reported by 25-30% of individuals with
IBS, and presenteeism by >80% of individuals”®.

Comorbidities
IBS exists within a broader spectrum of other DGBIs, and its symp-
tomsoverlap with conditions such as functional dyspepsia, functional
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constipation, functional diarrhoea, bloating and distension, and ano-
rectal disorders. Clinical assessment should therefore include upper
and lower gastrointestinal symptoms, with treatment individualized to
the contributing symptom domains and mechanisms. A huge number
of overlapping DGBIs is associated with increased symptom severity,
psychological comorbidity, healthcare utilization and reduced quality
of life'’>?*, These graded associations suggest that overlap identifies
aclinically important, higher-burden phenotype, which may reflect
shared or interacting pathophysiological mechanismsrather than the
coincidental presence of separate disorders.

IBS-like symptoms also occur in patients with organic gastrointes-
tinal diseases, including IBD and coeliac disease. Notably, these symp-
toms can still persist when the underlying disease is in remission or
when symptoms cannotbe fully explained by objectiveinflammatory or
structural findings™. Recognizing this overlapis clinically important to
prevent unnecessary escalation of disease-directed therapies and sup-
porttreatment approaches that target gut-brain mechanisms, visceral
hypersensitivity, diet, motility and psychological comorbidity**.

IBS is also associated with several extraintestinal comorbidi-
ties such as chronic pain and psychological disorders. Some of
these conditions include fibromyalgia, chronic fatigue, migraine,
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Fig.2|Systems biological view of the brain-gut-microbiome system.
Thebrain, gutand gut microbiome are closely interconnected nodes in the
brain-gut-microbiome system. This system plays a key role in the maintenance
of homeostasis of body and brain in the face of perturbations from the
exposome, which includes a wide range of signals from the external environment.
Thebrain connectome is made up of interconnected structural and functional
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temporomandibular disorder, interstitial cystitis or bladder pain syn-
drome, sleep disturbances, anxiety and depression, all of which are
reported more frequently in individuals with IBS than in controls®.
Anxiety and depression were reported in almost 40% and 30% of indi-
viduals with IBS, respectively'*. Although the prevalence of IBS among
individuals with depression or anxiety is less commonly reported,
studies demonstrate a ~1.5-2.4-fold increased risk of IBS among indi-
viduals with depression or anxiety, with the relationship confirmed
asbidirectional across multiple longitudinal studies****. In addition,
endometriosisisalso strongly linked with IBS; meta-analyses show two-
foldtothreefoldincreased risk of IBS in womenwith endometriosis, and
pooled prevalence estimates suggest that IBS affects ~25% of women
with endometriosis*®. Clinically, identifying comorbidities can help
explain symptom severity and guide individualized, multidisciplinary
management.

Mechanisms/pathophysiology

IBS arises from bidirectional dysregulation across peripheral (Fig. 1)
and central pathways within the brain-gut-microbiome system (Fig. 2).
Sex-related biological factors, early life and environmental exposures,
individual stress responsiveness, and triggers such as infection,
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networks involved in the integration, perception and response to signals from
the gut connectome, the microbiome and the exposome. The strength of
brain-gut-microbiome connections is programmed by genetic factors and
early life experiences and is modulated by sex hormones. Its integrated response
determines resilience and resistance to diet and psychosocial stress. ANS,
autonomic nervous system; SCFAs, short-chain fatty acids.
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inflammation or chronic stress, modulate these interactions and con-
tribute to the marked clinical heterogeneity and overlapping pheno-
types observedinIBS*. Converging evidence supportsamodel inwhich
visceral hypersensitivity and autonomic nervous system dysregulation
are core features of IBS. These abnormalities may arise from altered gut
sensory signalling,immune microbial perturbations, and dysregulated
central pain processing and stress responses, which collectively amplify
gut-derived signals and sustain symptom chronicity™*.

IBS is a symptom-defined disorder with a heterogeneous patho-
physiology. Insome patients, anidentifiable exposure or mechanism,
such as prior enteric infection or altered bile acid metabolism, may
contribute to symptom development. Other conditions, including bile
acid diarrhoea and small intestinal bacterial overgrowth (SIBO), can
coexist with IBS or cause asimilar symptom phenotype. These relation-
ships cannot always be clearly distinguished as causal, coexistent with
IBS, or representing an alternative diagnosis; their clinical relevance
lies in identifying potentially treatable mechanisms or overlapping
conditions that require targeted management.

Thebrain-gut-microbiome system

Thebrain-gut-microbiome systemrefers to the dynamic, bidirectional
communication network linking the CNS, the enteric nervous system,
the gastrointestinal tract, the immune system, endocrine pathways,
vagal and autonomic signalling, microbial metabolites and the gut
microbiota. The gut microbiota can influence gut barrier function,
immune activation, neurotransmitter and metabolite signalling, stress
responsiveness, brain function and symptom perception®.

Peripheral mechanisms

Altered gut motility. Increased, decreased or disordered motility is
commoninIBS,including changesin colonic myoelectric activity and
transit time as well as repetitive contractions of the small intestine and
colonassociated with abdominal pain®. Alterations in gastrointestinal
transitare oftenassociated with bowel habit abnormalities, particularly
inIBS-C and IBS-D, although these changes do not fully account for the
broader symptom spectrum, such asabdominal pain®-*2. For example,
<25% of patients with IBS-C have slow colonic transit®**. Disorders of
rectal evacuation, particularly dyssynergic defaecation, especially in
IBS-C, may contribute to symptom generation®**, IBS is associated with
accelerated colonic transit only in subsets of patients, with reported
prevalences ranging from 15% to 45%. In most cases, the mechanisms
underlying accelerated transit remain unknown***, When viewed
together, objective changes in intestinal transit contribute to altered
bowel habits in some patients but do not fully explain the bowel habit
disturbances characteristic of IBS.

Neuroimmune activation. A few studies assessing the numbers
of immune cells in the mucosa of patients with IBS have reported
increased cells in subsets of patients®; however, not all studies have
confirmed these observations” *. Subsequent studies have shifted the
focus towardsimmune cell activation and mediator release, as well as
theirimpactongut physiology and symptom perception®®®. In particu-
lar, mast cell degranulation and release of bioactive mediators, such
as histamine and tryptase, have emerged as consistent findings. The
spatial proximity between mast cells and mucosal nerves correlates
with abdominal pain severity, irrespective of bowel habit type, sup-
porting neuroimmune mechanisms underlying the development of
symptoms®’. Mechanistic studies further support this paradigm. For
instance, adoptive transfer experiments demonstrate that induced

sensory nerve activation and visceral hypersensitivity are mediated
by several mechanisms. These pathways include serine proteases act-
ing on PARs®, histamine via H1-H4 receptors®*, and polyunsaturated
fatty acid metabolites activating TRPV4 channels®. Taken together,
these findings support the concept that immune activation drives
neuroimmune mechanisms, leading to altered gut physiology, visceral
perception and symptom generation.

Barrier dysfunction and epithelial-neural crosstalk. The intestinal
epithelial barrier represents the largest and most dynamic interface
between the external environment and the internal milieu. The bar-
rier consists of the mucus layer, epithelial cells sealed by tight junc-
tions, and an underlying vascular barrier and regulates the systemic
diffusion of substances from the intestinal lumen®. In IBS, studies
havereported structural and functional barrier alterations, including
increased epithelial permeability and vascular barrier disruption,
particularly inIBS-D and post-infection IBS”. Furthermore, increased
intestinal permeability is associated with abdominal pain severity®®.
Althoughless pronounced thanin coeliac disease or IBD, these abnor-
malities may enhance access of luminal antigens and microbial prod-
ucts to the mucosal immune system, promoting immune activation®.
Invivo studies further confirm this finding and demonstrate increased
intestinal permeability and passage of microbiota genetic materialin
people withIBS compared with controls®’. Ex vivo, supernatants from
IBS mucosal biopsies increase paracellular permeability in Caco-2
monolayers, largely mediated by proteases acting on epithelial PAR2
(ref. 70). These findings indicate that soluble mediators within the
IBS mucosal microenvironment can impair epithelial integrity and
vascular barrier function, facilitatingimmune activation and systemic
dissemination of potentially harmful luminal factors.

Gut microbiome and metabolome. The gut microbiome and metabo-
lome are interconnected biological systems implicated in IBS patho-
physiology. Compositional and functional shifts in gut microbiota
have been characterized extensively inIBS, and key microbial metabo-
lites, including short-chain fatty acids (SCFAs), bile acids and biogenic
amines, have beenidentified as potential mediators and putative bio-
markers of altered sensorimotor functions, barrier dysfunction, neu-
roimmuneinteractions, immune activation, visceral hypersensitivity
and disturbed gut-brain signalling®®”".

Most microbiome studies in IBS have relied on faecal samples
and therefore primarily reflect the colonic luminal microbiota®. The
smallintestinal microbiome s less well characterized because of chal-
lenges in obtaining representative samples. SIBO can cause bloating,
abdominal discomfort and diarrhoea, mimicking IBS, with proposed
mechanismsincludingincreased fermentation, bile acid deconjugation
and mucosalimmune activation’>. However, estimates of its prevalence
inindividuals with IBS vary widely owing to inconsistent definitions
and the limitations of available diagnostic methods”. Although jejunal
aspirate culture provides direct evidence of SIBO, reported prevalence
inIBS versus controls varies with the diagnostic threshold: 13.9% ver-
sus 5.0% at =10° colony-forming units/millilitre (CFU/ml) and 33.5%
versus 8.2% at >10° CFU/ml (ref. 73). Breath testing is less specific:
ascintigraphic study showed that the rise in breath hydrogen during
lactulose testing often corresponds to caecal rather than small intes-
tinal arrival of the substrate, suggesting that some positive results
may reflect rapid orocaecal transit rather than true SIBO™. Moreover,
the efficacy of rifaximin in IBS-D does not establish SIBO as its mecha-
nismof action, as rifaximin may act through anti-inflammatory effects
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and modulation of the colonic microbiome”. Therefore, SIBO is best
considered a coexisting or a contributing condition in appropriately
selected patients rather than an established cause of IBS.

Although no definitive microbial signature is known in IBS, many
studies report reduced diversity and altered abundances of specific
taxa (forexample, Enterobacteriaceae, Lactobacillaceae, Bacteroides,
Faecalibacterium and Bifidobacterium)®. Studies have identified con-
tributions of microbial species to specific IBS mechanisms. Bacterial
infection caninduce adaptiveimmune responses to dietary antigens,
increase mucosal permeability and alter pain signalling through hista-
mine H1 receptor-mediated pathways’’. Histamine-producing bacte-
ria, such as Klebsiella aerogenes, may elicit visceral hypersensitivity”
through H4 receptor-mediated mast cell activation. Impaired microbial
inhibition of hostintestinal proteolytic activity in post-infection IBS has
been linked to barrier dysfunction and IBS symptom severity’®. Rumi-
nococus gnavus-driven increases in serotonin biosynthesis underlie
accelerated transit and increased colonic secretion in IBS-D*°, with
similar effects reported for bacterial production of tryptamine from
dietary tryptophan®.

Microbially derived SCFAs exert diverse intestinal and extraintes-
tinal effects. SCFAs maintain epithelial barrier integrity and modulate
gut motility and immune function®. SCFAs, particularly butyrate,
maintain the intestinal barrier by signalling through G-protein-coupled
receptorsand histone deacetylase inhibition toregulate tight junction
proteins, antimicrobial peptides, epithelial turnover and mucosal
immuneresponses. Butyrate alsomodulatesinnate and adaptiveimmu-
nity by reducing pro-inflammatory cytokine production, enhancing
antimicrobial and phagocytic activity, promoting regulatory T cell
differentiation and IL-10 production, and shaping immune cell balance
within thelamina propria®’. SCFAs modulate gut motility and secretion
by stimulating serotonin synthesis in enterochromaffin cells®. Further-
more, butyrate production correlates with improved psychological
comorbidities in non-constipated IBS (IBS-D and IBS-M)®*. Additionally,
enrichment of Clostridia bacteria may increase bile acid synthesis and
excretion, whichis observed in 25-30% of people with IBS-D%¢, Con-
versely, antimicrobial properties of bile acids may further shape the
gastrointestinal microbiome reciprocally®’. Together, these findings
highlight the complex host-microorganism interactions underlying
IBS pathophysiology.

Bile acid dysregulation. Excess delivery of bile acids to the colon acti-
vates GPBAR1 (TGRS5) on enterochromaffin cells and enteric neurons,
promoting serotonin release and other neurotransmitters, which
stimulate secretion, accelerate motility, and may contribute to diar-
rhoea, urgency and abdominal pain®, Evidence of bile acid diarrhoea
is found in 25-40% of patients with IBS-D and functional diarrhoea,
although the prevalence varies according to the diagnostic test and
threshold used®”*°. Whether bile acid diarrhoea represents a mecha-
nistic IBS-D subgroup or adistinct disorder with an overlapping clinical
phenotype remains debated.

Central mechanisms

Central mechanisms may contribute not only to symptom per-
ception but also to the persistence of IBS symptoms. Recurrent
gut-derived afferent sensory input, together with stress-related and
cognitive-affective influences, might lead to persistent alterations in
brainnetworksinvolved in processing and modulating visceral signals®".
Insome patients, centralamplification may contribute substantially to
symptom persistence, potentially explaining theincomplete response

to therapies that target peripheral mechanisms alone and providing
arationale for gut-brain neuromodulators and brain-gut behaviour
therapies (BGBTs) in IBS.

Functional and structural brain network changes. Functional neu-
roimaging studies demonstrate aberrant neural activity and altered
structural and functional connectivity consistently within large-scale
brainnetworksinvolvedininteroception, emotionregulation and auto-
nomic control". The salience network, anchored by the anterior insula
and anterior mid-cingulate cortex, exhibits heightened activation and
altered connectivity at rest and during visceral stimulation. As a key
detector of interoceptive and environmental threats to homeostasis,
hyper-reactivity of the salience network is associated with increased
pain perception and symptom severity in IBS*.

In addition, the emotional arousal network shows reduced pre-
frontal inhibitory regulation of emotional arousal circuits, including
the amygdala, suggesting impaired top-down control. This pattern
parallels findings in anxiety disorders and may help explain the high
psychological comorbidity in IBS™. The default mode network, which
supportsself-referential processing, demonstrates disrupted intrinsic
connectivity, whereas the sensorimotor network shows increased corti-
calthickness and enhanced connectivity in regions processing visceral
afferentinput™®, Together, these findings are consistent with central
amplification of gut-derived sensory signals. Researchers have yet to
determine whether this central amplification leads to exaggerated
perpeptual response to normal gut stimuli in all patients or whether
symptoms are driven by peripheral changes in some patients and cen-
tral modulation in different patient subsets. Multimodal imaging fur-
therindicates increased coupling among salience, emotional arousal
and sensorimotor networks, consistent with widespread network
reorganization, which sustains chronic pain®. Although convergent
evidence supports central amplification of visceral signals in IBS, neu-
roimaging findings require further validation. Most studies have relied
onsmall, single-centre samples, often including <50 patients and dis-
proportionately representing women in premenopause, with limited
inclusion of paediatric, older adult and male populations. Differences
in IBS subtypes, imaging protocols and analytical methods have also
contributed toinconsistent findings across studies®. Large-scale repli-
cation using standardized multisite imaging repositories will therefore
be essential. For example, a UK Biobank analysis of 171,104 partici-
pants showed that IBS symptoms were predominantly associated with
reduced volumes of cortical and subcortical regions involved in pain,
interoception, emotion regulation and sensorimotor processing, with
positive associations limited to select basal ganglia regions”. PET scan
and MRI provide complementary information. PET assesses cerebral
blood flow, metabolism or receptor binding, whereas functional and
structural MRI evaluate blood oxygen level-dependent activity, func-
tional connectivity and brain morphology. Although the modalities
generally implicate overlapping pain-related and salience-related
networksinIBS, the small number of PET studies and methodological
heterogeneity preclude firm modality-specific conclusions®. Future
longitudinal and multimodal studies integrating neuroimaging with
microbiome, immune, autonomic and clinical phenotyping will be
needed to confirmbrain network alterations and identify biologically
meaningful subsets of patients with IBS.

Stress and autonomic dysregulation. Dysfunction of central stress
systems is akey component of IBS pathophysiology. Stress-responsive
brain networks translate perceived or anticipated threats into
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autonomic, neuroendocrine, immune and behavioural responses,
which caninfluence gastrointestinal motility, secretion, mucosal bar-
rier function and visceral sensitivity. In IBS, repeated or sustained
activation of these pathways may create a reinforcing cycle in which
stress amplifies gut signalling and gastrointestinal symptoms, whichin
turn heighten arousal, hypervigilance and symptom-related anxiety®.
The hypothalamic-pituitary-adrenal axis shows altered reactivity in
IBS, with exaggerated cortisol responses to acute stress and blunted
responses under chronic stress conditions”. This dysregulation is
closely linked to dysfunction within the central autonomic network and
related brainstem nuclei that coordinate visceromotor, neuroendo-
crineand behavioural responses to stress. These regions demonstrate
altered engagement during the anticipation and experience of visceral
pain, with reduced descending inhibitory control correlating with
visceral hypersensitivity®. Preclinical models support these observa-
tions, showing that alterations in corticotropin-releasing hormone
(CRH) signalling within the amygdala and brainstem contribute to
enhanced visceral nociception and altered gut motility’®. However, a
causative role for the CRH-CRHR1signalling pathway in IBS symptoms
has not been established.

Central sensitization. Central sensitization refers toincreased respon-
siveness of central nociceptive pathways, such that normal or sub-
threshold afferent input may produce amplified or prolonged pain™.
InIBS, central sensitization may contribute to heightened perception
of visceral signals, potentially reinforced by hypervigilance to gastro-
intestinal sensations insome patients. Evidence for the involvement of
centralmechanismsinIBSinclude visceral and somatic hypersensitiv-
ity and the frequent overlap of IBS with other chronic pain conditions,
including fibromyalgia, migraine, temporomandibular disorder, and
interstitial cystitis or painful bladder syndrome'>*, Stress-related
alterations in emotion-regulating, pain-modulatory and autonomic
circuits may further amplify gut-derived sensory signals and contribute
tosymptom persistence". Recognizing central sensitization may help
explainwidespread painand guide the use of centrally acting therapies.

Sex differences

Sex-related differences occur in hormonal regulation, stress reactivity,
central pain processing, immune function, gastrointestinal motility
and visceral hypersensitivity in IBS, which probably contribute to the
increased prevalence of IBS in women of reproductive age®’. Female
sex is a major risk factor for post-infection IBS, with women having a
twofold increased odds of developing the condition”. Fluctuations
in ovarian hormones modulate central and peripheral mechanisms
regulating visceral sensitivity and colonic transit*. Symptom exacer-
bations across the menstrual cycle (for example, the late luteal phase
when oestrogen and progesterone decline), symptom differences by
menopausal status and overlap with gynecological disorders, such
as premenstrual syndrome and premenstrual dysphoric disorder,
suggest hormonal amplification of gut-brain signalling'>. Oestrogen
upregulates serotonergic pathways and increases epithelial perme-
ability and mast cell activation, contributing to altered nociceptive
signalling****'°°, whereas low testosterone levels correlate with worse
IBS symptoms and slower gastrointestinal transit'”".

Sex differences in stress responsiveness further contribute
to IBS pathophysiology. Men with IBS exhibit enhanced cortisol
responses to adrenocorticotropin hormone stimulation, whereas
women show blunted cortisol responses, suggesting sex-specific
hypothalamic-pituitary-adrenal axis dysregulation®’. The function

of the autonomic nervous system also differs according to sex; men
with IBS show greater sympathetic activation during visceral stimula-
tion, whereas women with IBS demonstrate altered sympathovagal
balance and lower basal parasympathetic activity'®%. Furthermore,
neuroimaging studies demonstrate pronounced sex differences in
IBS. Women exhibit greater activation of emotional arousal regions
(forexample, ventromedial prefrontal cortex, anterior cingulate cortex
and amygdala) during visceral stimulation, whereas men preferentially
engage cognitive-evaluative areas (for example, dorsolateral prefrontal
cortex, insula, and dorsal pons or periaqueductal grey)'*. Resting state
analyses show stronger negative functional connectivity inwomen than
inmen, suggesting heightened interoceptive-emotional integration'*,
Structural imaging studies show sex differences in cortical thickness
and white matter microstructure, which reflect differences in pain
sensitivity, stress reactivity and autonomic regulation'®,

Post-inflammatory and post-infection IBS

For many patients with IBS, the initiating trigger is not clearly identi-
fiable and is likely to be heterogeneous, involving variable contribu-
tions from genetic susceptibility, early life exposures, psychosocial
stress, diet, medications and alterations in the brain-gut-microbiome
system"*, However, a substantial proportion of patients with IBS report
symptomonset following acute gastroenteritis, termed post-infection
IBS'. Althoughits pathophysiology remains incompletely understood,
proposed pathophysiological mechanisms largely overlap with those
described in non infectious IBS. Altered gut-brain interactions seem
central, as both peripheral inflammatory responses and central fac-
torsinfluence the development of persistent symptoms. Limited data
suggest colonic and rectal hypercontractility, hyper-reactivity, and
visceral hypersensitivity”. Studies also report microbiome alterations,
characterized by reduced diversity, relative increases in Bacteroidetes,
and decreases in Firmicutes and Clostridiales™'”’. Sustained increases
inintestinal permeability after infection may further promote symp-
tom persistence'’®. Immune dysregulation is consistently implicated,
including mucosal changes in mast cells, macrophagesand T lympho-
cytes, along with altered systemic and mucosal cytokine profiles?¢*1°8,
Genetic susceptibility, particularly inimmune-related pathways, can
also contribute to the development of post-infection IBS'**"'°,

Non-gastrointestinal infections, most notably COVID-19, can
similarly increase IBS risk. Proposed mechanisms for post-COVID gut
syndromes include ACE2-mediated epithelial and neuromuscular
effects, persistent low-grade inflammation, dysbiosis with reduced
SCFA production, altered serotonin signalling, barrier dysfunction,
and psychosocial stress acting via the gut-brain axis™.

IBS-like symptoms are also common in patients with organic gas-
trointestinal diseases despite remission of overt inflammation™. The
best-studied example is IBD, which has symptoms mimicking those
of IBS. Suggested mechanisms include post-inflammatory visceral
hypersensitivity, persistent dysbiosis, alterations in the gut-brain axis,
increased intestinal permeability with ongoing immune activation,
and disturbed bile acid metabolism or malabsorption" Overall,
these mechanisms converge with the broader pathophysiological
models of IBS.

Diagnosis, screening and prevention

Diagnostic criteriafor IBS

A positive diagnosis of IBS should be established based on character-
istic symptoms, clinical context and limited, targeted testing in the
absence of alarm features. IBS must no longer be diagnosed based onthe
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Table 1| Differential diagnoses of IBS

Condition Relationship to IBS When to consider Evaluation Refs.
phenotype
Bile acid May mimic or coexist with Watery diarrhoea, urgency, prior cholecystectomy Faecal bile acids, serum C4 or SeHCAT 1,75132
diarrhoea IBS-D and/or obesity
Coeliac disease May produce an IBS-like AlLIBS bowel habit subtypes, particularly IBS-D and IgA tissue transglutaminase and total 1,75130
phenotype IBS-M IgA
Inflammatory Alternative diagnosis or Alarm features (for example, bloody stools), CRP, faecal calprotectin 1,75129,131
bowel disease overlap in remission inflammatory markers, nocturnal symptoms Colonoscopy with biopsies when
indicated

Microscopic May mimic IBS-D Chronic watery diarrhoea, particularly in older Colonoscopy with biopsies 175
colitis women, with history of autoimmune disease or taking

relevant medications (for example, SSRIs, PPls)
Colorectal May produce an IBS-like Rectal bleeding, iron-deficiency anaemia, Colonoscopy or other recommended 75121128136
cancer change in bowel habits unintentional weight loss, abdominal mass, colorectal cancer evaluation tests

new-onset symptoms at an older age, family history

of colon cancer
Giardia or other May mimic IBS-D or trigger Travel, exposure, acute onset Targeted stool testing 1,75132
infection post-infection IBS
Smallintestinal Potential overlapping or Predisposing surgery or motility disorder Selective breath testing or aspirate 72-75134
bacterial alternative condition culture
overgrowth Relationship to IBS uncertain
Carbohydrate May produce or trigger Reproducible food-related symptoms Dietary assessment 1,75135

malabsorption or  IBS-like symptoms
dissacharidase

deficiency

Selective breath testing

Duodenal biopsies for dissacharidase
enzyme deficiency assays in selected
cases

C4, 7a-hydroxy-4-cholesten-3-one; IBS, irritable bowel syndrome; IBS-D, IBS with predominant diarrhoea; IBS-M, IBS with mixed bowel habits; PPIs, proton pump inhibitors; SeHCAT,

selenium-75 homocholic acid taurine; SSRIs, selective serotonin reuptake inhibitors.

exclusionof other conditions that require exhaustive testing (Table 1).
Alarm featuresinclude anaemia, rectal bleeding, unintentional weight
loss, nocturnal diarrhoea, new symptomonset after 50 years of age, and
afamily history of colorectal cancer, IBD or coeliac disease. In patients
with typical IBS symptoms and no alarm features, limited testing is
generally sufficient to exclude common differential diagnoses. More
extensive or targeted evaluationiswarranted in the presence of alarm
features, abnormal initial test results, atypical symptoms, a marked
change in a previously stable symptom pattern, or other clinical find-
ings that raise suspicion of a structural disorder that can present with
similar symptoms (Fig. 3). The key clinical features of IBS are recurrent
abdominal pain or discomfort and altered bowel habits. The IBS sub-
types of IBS-C, IBS-D, IBS-M and IBS-U are defined by the proportion
of bowel movements with abnormal stool form using the Bristol Stool
Form Scale (BSFS), that is, hard or lumpy stools (BSFS types 1-2) and
loose or watery stools (BSFS types 6-7)' (Fig. 3). Reduced stool fre-
quency, straining and sensation of incomplete evacuationare clinically
important symptoms in IBS and are diagnostic symptoms of chronic
constipation; however, these features do notindependently determine
the IBS bowel habit subtype. As symptoms and subtype may fluctuate
over time, bowel habit subtype should be assessed when patients are
not taking medications that substantially alter stool form. The Rome
V diagnostic criteria (Table 2), informed by data collected after Rome
IVimplementation, introduced several changes, including the addi-
tion of abdominal discomfort, reduction of the required frequency of
abdominal painand/or discomfort to 3 days per month, and clarification
that pain or discomfort should not be continuous; pain that is present
all day during waking hours, every day should raise consideration of

centrally mediated abdominal pain syndrome. A supportive criterion
is that symptoms should not occur exclusively during menses'.

Studies from Japan and China show that some individuals diag-
nosed with IBS do not consistently report abdominal pain>*¢, The
Rome IV requirement of pain occurring at least weekly identified
patients with more severe disease while excluding those with milder
symptoms'®"?"8_ Subsequent studies indicate that abdominal pain or
discomfortoccurring <3 days per monthisalsoreportedin the general
population, supporting the use of a threshold of >3 days per month
to distinguish IBS-related symptoms from sporadic gastrointestinal
complaints’. Clarifying that pain or discomfort should not be con-
tinuous nor occur only during menstruation was included toimprove
diagnostic precision and reduce misclassification.

In clinical practice, the Rome clinical criteria enable greater flex-
ibility: IBS may be diagnosed when the qualitative Rome V features are
present, symptoms are sufficiently bothersome to promptindividuals
toseek care, or when symptomsinterfere with daily activities and alter-
native diagnoses have been reasonably excluded"’. Lower symptom
frequency is permitted, and the 6-month duration requirement may
be shortened (generally to 8 weeks) based on clinical judgement.

Evaluation of IBS symptoms

A thorough clinical history remains central to IBS diagnosis (Fig. 3).
Attentive, empathetic listening, symptom validation, a clear explana-
tion of the diagnosis and agreement on treatment goals can strengthen
the patient-clinician relationship and have been associated with
improved quality of life, reduced healthcare utilization and better

treatment adherence'®°.
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Use BSFS to classify predominant bowel pattern

@ Clinical history-taking
Abdominal pain or discomfort and
relationship to bowel habit,
BSFS, comorbidities, medications and

Alarm features

* Anaemia

* Rectal bleeding

» Unintentional weight loss

» Nocturnal diarrhoea

* New onset after age 50 years

e Faecal incontinence

l » Family history of CRC, IBD or coeliac disease

Examine abdomen and perform DRE

Faecal calprotectin

» <100: normal

» 100-249: indeterminate; repeat off NSAIDs
» >250: abnormal
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Fig.3 | Diagnostic approach to IBS. Evaluation begins with a focused
clinical history assessing abdominal pain or discomfort related to bowel
habits, symptom onset and duration, stool form using the Bristol Stool Form
Scale (BSFS), medications, diet and comorbidities, while excluding alarm
features. Physical examination includes abdominal assessment and digital
rectal examination (DRE). Limited testing may include blood tests (complete
blood count, C-reactive protein and coeliac serology) and stool tests, such
as faecal calprotectin to exclude inflammatory bowel disease (IBD), and

l When to escalate

» Alarm features or substantial change in
previously typical symptom pattern

» Colonoscopy if abnormal calprotectin or
suspected microscopic colitis

» Consider BAM testing for chronic diarrhoea

» Consider anorectal physiology for constipation,
faecal incontinence or abnormal DRE

selected pathogen testing when appropriate. Colonoscopy is reserved for
patients with alarm features or abnormal findings. Additional testing may be
considered based on symptoms, including evaluation for bile acid diarrhoea
in people withirritable bowel syndrome (IBS) with predominant diarrhoea
and anorectal physiological testing in suspected defaecatory disorders. BAM,
bile acid malabsorption; CRC, colorectal cancer; IBS-C, IBS with predominant
constipation; IBS-D, IBS with predominant diarrhoea; IBS-M, IBS with mixed
bowel habits; IBS-U, unclassified IBS.

Established symptom-based diagnostic criteria support the diag-
nosis, but do not independently establish it without accompanying
clinical evaluation, particularly in patients with chronic diarrhoea, as
active IBD, microscopic colitis and other structural disorders can pro-
duce anIBS-like symptom pattern. Use of these criteriamust be guided
by pretest probability, alarm features and appropriate limited testing.
Althoughalarm features are emphasized during IBS assessment, their
predictive value for structural disease seems modest'..

Clinicians should determine symptom duration and potential
triggers such as dietary changes, infection, antibiotics, surgery, stress,
psychological trauma or travel. A medical history should confirm
whether abdominal pain or discomfort is associated with defaeca-
tion and/or changes in stool frequency or form. Stool form should be
evaluated using the BSFS'*. Clinicians should enquire about bloating
and distension, which are common and bothersome symptoms in
IBS. Bloating refers to the subjective sensation of abdominal pressure
or fullness and can be associated with visible abdominal distension,
which refers to an increase in abdominal girth'. Neither bloating nor
distension is required for the diagnosis, as they occur commonly in
other disorders. Rectal bleeding and faecal incontinence should also
be specifically assessed; incontinence may be under-reported'”.

Coexistent DGBIs, chronic non-gastrointestinal painful condi-
tions (for example, fibromyalgia, interstitial cystitis or migraine)
and psychological distress are common comorbidities in patients
and cansupport the diagnosis of IBS. These comorbidities are associ-
ated with greater symptom severity, poorer quality of life, functional
impairment and increased healthcare utilization'**"'*°, Recognition

of these associations can guide personalized and multidisciplinary
management.

Physical examination helps support a positive diagnosis and
exclude differential diagnoses. Abdominal examination should assess
for tenderness, distension or masses. A digital rectal examination
can identify local causes of bleeding, assess anal sphincter tone (par-
ticularly in patients with incontinence) and evaluate for dyssynergic
defaecation in patients with constipation.

Symptom-based diagnostic testing

Diagnostic testing should be guided by symptom presentation and
disease prevalence. For persistent symptoms, structured follow-up
with selective testing may be more cost-effective than exhaustive
exclusionary testing®. Importantly, negative test results do not
always improve reassurance or quality of life, especially in younger
patients'”.

For a patient with typical, stable IBS symptoms and no alarm fea-
tures, initial laboratory evaluation should include a full blood count,
CRP and coeliac serologies. Anaemia predicts colorectal cancer in
colonoscopy cohorts?®. ACRP <0.5 mg/dlis associated with a<1% prob-
ability of IBD™’, A systematic review on patients meeting Romelll or IV
IBS criteriareported a pooled seroprevalence of coeliac disease of 6%
butabiopsy-confirmed prevalence of only 2%. Nevertheless, European
datawere limited and no studies from the USAwere included”. Current
guidelines recommend IgA anti-tissue transglutaminase testing with
total serumIgA levels to exclude selective IgA deficiency, ideally in the
setting of a gluten-containing diet™°.
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For stool testing, patients with IBS-D or IBS-M should undergo
faecal calprotectin measurement. At a prespecified IBD prevalence
of 1%, faecal calprotectin has a negative predictive value of 99.8% for
distinguishing IBS from IBD, although the positive predictive value is
low (9%). A threshold of <50 pg/g provided a higher sensitivity than
>50 pg/g, with similar specificity™. Stool cultures and ova and parasite
testing should be reserved for patients with diarrhoea and relevant risk
factors such as travel. Giardia lamblia (a parasitic protozoan) should
be considered where appropriate™.

Testing for pancreatic insufficiency (faecal elastase), carbohydrate
maldigestion, SIBO or dysbiosis are not recommended routinely owing
tolimited specificity or methodological concerns™'**"**, Similarly, rou-
tine testing for sucrase-isomaltase deficiency is not recommended as
diagnosis requires specialized disaccharidase assays, and performance
characteristics of biopsy-based assays are incompletely defined'®.
Bile acid diarrhoea should be considered, particularly after cholecys-
tectomy or in individuals with obesity'*. Diagnosis can be made by
testing faecal bile acids, serum 7a-hydroxy-4-cholesten-3-one (C4) or
scintigraphic measurement of selenium-75 homocholic acid taurine,
where available™.

Colonoscopyisnotindicated routinely in patients with suspected
IBS without alarm features. In a multicentre case-control study,
colonoscopy altered the diagnosis in <2% of patients with IBS-D or
IBS-M. Microscopic colitis was identified in 1.5%, most commonly in
women >45 years of age'°. Thus, when colonoscopy is performed in
suspected IBS-D, mucosal biopsies should be obtained to assess for
microscopic colitis. Anorectal function testing should be considered
in patients with IBS-Cwho fail appropriate therapy, when digital rec-
tal examination suggests a defecatory disorder, or in cases of faecal
incontinence'.

Once IBS is diagnosed, clear and confident communication is
essential. Describing IBS as a DGBI, rather than emphasizing diagnostic
uncertainty, canimprove patient understanding and reduce demands
for additional testing. Explaining the roles of diet, stress and gut-brain
interactions can enhance acceptance and treatment engagement. Edu-
cational tools from the Rome Foundation and other gastroenterology
societies may further support patient education.

Screening and prevention

Currently, no established primary prevention strategy is available for
IBS. However, modifiable lifestyle factors seem to influence risk. One
study found that never smoking, adequate sleep, vigorous physical
activity, a high-quality diet and moderate rather than high alcohol
intake were associated with a reduced risk of incident IBS*.

Management

Effective management of IBS starts with a strong therapeutic
patient-provider relationship, education, reassurance, lifestyle modi-
fications and adequate sleep. Next, treatment should beindividualized
based onthe predominant bowel pattern and symptom drivers such as
pain, bloating or urgency. Guidelines recommend employing a step-
wise approach, whichintegrates diet, pharmacological therapies and,
when appropriate, behavioural interventions targeting the gut-brain
axis' (Fig. 4).

Diet

More than 80% of people with IBS report food-related symptoms, and
dietary modification is ranked consistently by patients as a preferred
strategy for symptom management'”"*%, Accordingly, diet plays a cen-
tral role in the management of IBS (Box 1). First-line dietary advice

Table 2 | Dietary interventions for IBS

Intervention

Core components

Key evidence and effectiveness

Comments and/or pitfalls

First-line diet

Regular meals, moderate portions, limit fatty meals,
moderate caffeine, reduce alcohol, fibre modification,
trial probiotic

Indirect evidence that it is
superior to habitual diet for
global symptoms

Foundation of IBS care

One or more components may be implemented
depending on diet history

Can meaningfully reduce symptoms with lower
risk of over-restriction

Can be implemented by non-dietitian provider

Low-FODMAP  Phase 1 — elimination: short-term (4-6 weeks) restriction ~ ~50-70% report global symptom  Not intended as long-term diet
diet of fermentable carbohydrates (fructans, GOS, lactose, response
fructose, polyols) Mannitol, GOS, fructans
Phase 2 — reintroduction: systematic dosed challenge of identified as commonly causing Important to test individual tolerance and for
FODMAP subgroups symptoms improving variety in the long term
Long_-term follgw—up data. . Protocol for implementation varies
confirms sustained benefit in L . .
i el Important for reducing risk of micronutrient
phase e
deficiency
Phase 3 — personalization: liberalize based on phase 2 Aim for healthy and maximal liberalization of diet
Simplified Partial FODMAP restriction Evidence of similar effectiveness  Often used in clinical practice for individuals
FODMAP diet to a full low-FODMAP diet in consuming large concentrations of specific

Two types of approaches:
(1) Restrict specific FODMAP subgroups depending on
clinical picture

(2) Restrict limited high-FODMAP foods from each
FODMAP subgroup

IBS-D

FODMAPs, older individuals, or those with
nutritional compromise or mild symptoms

Requires larger trials to confirm efficacy

Mediterranean
diet

Rich in fruits, vegetables, legumes, nuts and extra virgin
olive oil, and low in red meat and processed foods

Growing evidence for IBS
symptom improvement

Broad health benefits, for example,
cardiometabolic disease

May be delivered by non-dietitian provider

FODMAP, fermentable oligosaccharides, disaccharides, monosaccharides and polyols; GOS, galacto-oligosaccharides; IBS, irritable bowel syndrome; IBS-D, IBS with predominant

diarrhoea. Adapted from ref. 1, CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).
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Positive diagnosis of IBS based on symptom criteria and
limited targeted testing

¥
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¢ Reassurance

« Lifestyle modifications (sleep, exercise, stress reduction)

¥

Stepwise and integrated care
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[

Fig. 4 |Integrated treatment algorithm for
IBS. Stepwise, patient-centred management
approach following a positive symptom-based
diagnosis of irritable bowel syndrome (IBS),
clinical assessment and limited targeted testing.
Initial care emphasizes a strong patient-provider
relationship, education, reassurance and lifestyle
modification. Treatment is then guided by
predominant symptoms and patient preferences
and may include dietary interventions (including

Pharmacological Dietary

Pain-predominant First-line diet advice

I dietitian-guided low-fermentable oligosaccharides,
disaccharides, monosaccharides and polyols
(FODMAP) approaches), pharmacological therapy,
and behavioural (for example, cognitive behavioural
therapy or gut-directed hypnotherapy) or self-
management (for example, digital therapeutics)

First line » Regular meals
o Antispasmodics o Limit caffeine
Second line e Limit alcohol
o TCAs o Limit fatty foods
Severe or refractory symptoms Low-FODMAP diet (dietitian-guided)
* SNRIs o Three-phase approach
° 0,8 l'gf"”d . (restriction - reintroduction - personalization)
Comorbid psychological symptoms | .
« SSRIs Alternative diets
) i » Mediterranean diet
'Is)_lalt'rll_\oea-predomlnant or simplified FODMAP strategies
irst line

» Antidiarrhoeal agents and bile acid sequestrants
Second line
» Microbiome-directed therapy
Moderate to severe symptoms
* Mixed p-opioid and k-opioid agonist
and &-opioid antagonist
Severe or refractory symptoms
¢ 5-HT, antagonists
Constipation-predominant
First line
* Osmotic laxatives
Second line
 Chloride channel activator
» Guanylate cyclase-C agonists
Additional option
¢ Sodium and/or hydrogen exchanger 3 inhibitor

Mixed bowel habits
Pain-predominant symptoms

o Peppermint oil

* Neuromodulators
Diarrhoea-predominant phases

» Antidiarrhoeal agents as needed
Constipation-predominant phases
» Osmotic laxatives as needed

Dietitian involvement recommended

Brain-gut behaviour therapies

Cognitive behavioural therapy

e Structured therapy targeting
symptom-related fear, catastrophizing,
avoidance and hypervigilance

» Improves global symptoms
and abdominal pain

Gut-directed hypnotherapy

e Protocol-driven therapy using
imagery and therapeutic suggestion
to modulate visceral sensitivity
and gut-brain signalling

Consider early

o Especially in patients with pain
amplification, stress sensitivity,
symptom-related anxiety
or decreased quality of life

strategies. Pharmacological options are tailored to
symptom phenotype, including pain-predominant
IBS, diarrhoea-predominant IBS, constipation-
predominant IBS and IBS with mixed bowel habits.
5-HT;, serotonin receptor 3; SNRIs, serotonin—
norepinephrine reuptake inhibitors; SSRIs, selective
serotonin reuptake inhibitors; TCAs, tricyclic
antidepressants. Adapted fromref. 223, CCBY 4.0
(https://creativecommons.org/licenses/by/4.0/).

consists of simple measures such as eating regular meals, limiting caf-
feine, alcohol and fatty foods, and drinking adequate fluids™*®. Although
this set of dietary recommendations has not been evaluated formally,
indirect evidence suggests this modified diet may be superiorto a
habitual diet for improving global symptoms'.

Fermentable oligosaccharides, disaccharides, monosaccha-
rides and polyols (FODMAPs) are carbohydrates found in many fruits,
vegetables, grains and dairy products, which are not well absorbed
and can provoke gastrointestinal symptoms in IBS"°. Over 20 rand-
omized controlled trials (RCTs), including several sham-controlled
trials™ and a network meta-analysis, evaluated the low-FODMAP
diet in IBS and reported superiority over habitual diet for improving
global symptoms, abdominal pain and bloating'®. In clinical prac-
tice, a dietitian-supported, structured, three-phase approachis rec-
ommended, consisting of a 4-6-week restriction phase followed by
systematic reintroduction and personalization''. This framework
helps minimize unnecessary long-term restriction and reduces the
risk of micronutrient deficiency, impaired food-related quality of life

and psychological distress. Long-term follow-up data suggest that
symptomaticimprovementwith alow-FODMAP diet can be sustained
beyond 6 months'*,

Although the low-FODMAP diet has the strongest evidence, it is
not appropriate or effective for all patients. In such cases, alterna-
tive dietary strategies, including a Mediterranean diet, a simplified
FODMAP approach and other diets, may be considered. One RCT
found that more patients with IBS achieved a clinically meaningful
improvement in symptoms after 6 weeks on a Mediterranean diet
than on standard first-line dietary advice'*’. Smaller studies have
reported similar benefits, suggesting that the Mediterranean diet
may be a reasonable alternative dietary approach for some patients
with IBS"**'*, A small pilot study in IBS-D demonstrated beneficial
effects with a simplified FODMAP diet, which restricts only fructans
and galacto-oligosaccharides, rather than all five FODMAP groups™;
however, larger RCTs are required. Although elimination diets guided
by IgG food testing remain controversial, one trial of a novel 18-food
IBS-specific IgG ELISA-based elimination diet reported improvement
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inglobal IBS symptoms compared with sham diet'*’. However, further
studies are needed.

The majority of trials and real-world studies in IBS involve
dietitian-delivered advice, underscoring their central role in success-
ful implementation. Dietitians are uniquely trained to personalize
dietary strategies while addressing nutritional and psychosocial chal-
lengesinherent to dietary interventions. A more detailed discussion of
practicalapproachesto delivering IBS dietary interventions, including
effectiveness of alternative modes of delivery, is available elsewhere'*®,

Pharmacological treatments

Pharmacological treatment should be individualized according to
predominant symptoms, comorbidities, expected benefit, adverse
effects, contraindications and patient preferences. Evidence-based
guidelines generally support symptom-directed pharmacotherapy
but differ in recommendation strength and certainty because of dif-
ferencesinscope, evidence review and benefit-harmjudgements. The
American Gastroenterological Association (AGA) and American College
of Gastroenterology (ACG) recommendations are therefore presented
to contextualize the evidence supporting individual therapies''****°,
Across IBS drugtrials, <50% of patients typically achieve the prespeci-
fied response, with a pooled therapeutic gain over placebo of -13% using
FDA-recommended end points*****°, Most trials last 12-26 weeks,
limiting conclusions about longer-term durability. Furthermore, inter-
pretation of IBS pharmacotherapy trials is complicated by substantial
and end point-dependent placebo responses. A meta-analysis reported
pooled placeboresponse rates of 27% for global improvement, 34% for
abdominal pain and 18% for the FDA composite end point, with sub-
stantial heterogeneity across trials™'. Accordingly, absolute therapeu-
tic gains over placebo are generally modest, and comparisons across
agents using different end points, populations and study durations
should be interpreted cautiously.

Box 1| Rome V criteria for IBS

Pain-predominant IBS. Abdominal pain drives healthcare utilization
inIBS", Evidence supporting the usefulness of antispasmodicsin IBS
is limited. The AGA conditionally suggest antispasmodics based on
low-certainty evidence'*’, whereas the ACG conditionally recommend
against antispasmodics, such as dicyclomine and hyoscyamine, for
thetreatment of global IBS symptoms but conditionally support pep-
permint oil, all based on low-quality evidence. Antispasmodics are
commonly used as first-line, as-needed therapies for episodic cramp-
ing. Peppermint oil has one of the strongest evidence bases among
antispasmodics for IBS™. It reduces abdominal pain and improves
global symptoms, probably through calcium channel blockade and
smooth musclerelaxation. Peppermint oil can be used across IBS sub-
types as it has minimal effects on stool frequency or consistency’>"*,
Although antispasmodics may reduce abdominal cramping and pain,
adverse effects, including dry mouth, constipation, urinary retention
and sedation, can limit tolerability, particularly at higher doses and
inolder adults.

Gastrointestinal society guidelines support the use of tricyclic
antidepressants (TCAs) in IBS, although the ACG provide a strong
recommendation based on moderate-quality evidence and the AGA
aconditional recommendation based on low-certainty evidence'*'*’,
An updated meta-analysis subsequently found gut-brain neuro-
modulators to be efficacious for global IBS symptoms and abdomi-
nal pain compared with placebo’”. The largest body of evidence
was available for TCAs, which demonstrated benefit for global IBS
symptoms with moderate-certainty evidence'”. TCAs exert neuro-
modulatory effectsindependent of antidepressant activity and are
usually prescribed at low doses*"¢, Tertiary amines (for example,
amitriptyline and imipramine) have greater anticholinergic and
sedating effects owing to their antihistaminergic properties than
secondary amines (for example, nortriptyline and desipramine).
Tetracyclic antidepressants, such as mirtazapine, may stimulate

The Rome V criteria for irritable bowel syndrome (IBS) are as follows:
Recurrent, but not continuous, abdominal pain or discomfort on

average at least 3 days per month in the last 3 months, associated

with two or more of the following criteria:

1. Related to defecation

2. Associated with a change in frequency of stool

3. Associated with a change in form (appearance) of stool

Criteria fulfilled for the last 3 months with symptom onset at least
6 months prior to diagnosis.

Supportive criteria: abdominal pain/discomfort should not be only
related with menses.

Predominant bowel habits are based on stool form on days with at
least one abnormal bowel movement.?

IBS with predominant constipation (IBS-C): >25% of bowel
movements with Bristol Stool Form Scale (BSFS) types 1 or 2 and
<25% with types 6 or 7.

IBS with predominant diarrhoea (IBS-D): >25% of bowel
movements with BSFS types 6 or 7 and <25% with types 1 or 2.

IBS with mixed bowel habits (IBS-M): >25% of bowel movements
with BSFS types 1 or 2 and >25% with types 6 or 7.

IBS unclassified (IBS-U): meets IBS criteria but does not meet
criteria for IBS-C, IBS-D or IBS-M.

For epidemiological or clinical practice: subtypes may be based
on the patient’s report that abnormal bowel movements are
usually constipation, diarrhoea or both; in IBS-U, abnormal stools
arerare.

For clinical trials, subtyping based on at least 2 weeks of daily diary
data is recommended, using the 25% rule’.

2IBS subtypes related to bowel habit abnormalities (IBS-C, IBS-D

and IBS-M) can only be confidently established when the patient

is evaluated off medications used to treat bowel habit abnormalities.
Rome V criteria are reprinted from ref. 1 and the bowel habits

adapted from ref. 1, CC BY 4.0 (https://creativecommons.org/

licenses/by/4.0/).
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appetite and promote weight gain. These pharmacological proper-
ties may be advantageous in select patients, including those with
sleep disturbance, IBS-D or low body weight. Secondary amines
may be preferred in older adults or in patients who are more sensi-
tive to anticholinergic effects'”. A multicentre RCT conducted in
the primary care setting demonstrated that low-dose amitriptyline
improved multiple symptom-based outcomes, including IBS Severity
Scoring System scores (-27.0, 95% CI -46.9 to -7.1) and the propor-
tion of patients reporting relief of global IBS symptoms (OR 1.78,
95% C11.19-2.66) compared with placebo across all IBS subtypes
at 6 months™®. Adverse effects, including dry mouth, constipation
and drowsiness, may limit tolerability, and withdrawal because of
adverse events was more frequent with TCAs than with placebo
(RR1.67,95% C11.08-2.57)".

Large, adequately powered RCTs are lacking for non-TCA neuro-
modulators. However, for refractory pain, other neuromodulators,
such as selective serotonin and norepinephrine reuptake inhibitors
(for example, duloxetine) or centrally acting «,6 ligands, which
modulate calcium channels (for example, pregabalin)'>>**¢, may be
considered. Selective serotonin reuptake inhibitors are effective
for comorbid psychological symptoms, with limited evidence for
abdominal pain relief'.

Treating comorbid anxiety and depression is important as psy-
chological symptoms are major contributors to long-term impair-
ment of quality of life in IBS. However, standard psychiatric doses of
antidepressants do not reliably resolve concurrent IBS, as the neu-
romodulatory effects of these agents on IBS symptoms seem partly
independent of their antidepressant effects™. Anintegrated multidis-
ciplinary approach addressing both gastrointestinal and psychological
symptoms is therefore preferred'.

Despite these options, safe and consistently effective pain-directed
therapies remain amajor unmet need in IBS. Peripheral visceral affer-
ent pathways, including first-order sensory neurons with cell bod-
ies in the dorsal root ganglia, represent potential targets for future

mechanism-based analgesic therapies'*.

IBS with predominant diarrhoea. The management of IBS-D focuses
onreducing stool frequency, urgency and incontinence while address-
ing other coexisting symptoms such as pain and bloating™**'® (Fig. 5).
Loperamide, a peripherally acting p-opioid receptor agonist, slows
intestinal transit and improves stool consistency and urgency but
does not always improve abdominal pain or global IBS symptoms.
Loperamide should beinitiated atlow doses, titrated and may be used
intermittently. Bile acid sequestrants (for example, cholestyramine
and colesevelam) primarily improve stool form rather than global IBS
symptoms or abdominal pain'®,

The ACG and AGA support the use of rifaximin for IBS-D; the ACG
provide a strong recommendation based on moderate-quality evi-
dence, whereas the AGA provide a conditional recommendation based
on moderate-certainty evidence'*'*. A 2-week course of rifaximin,
aminimally absorbed oral antibiotic, produces amodestimprovement
in global symptoms, bloating and stool consistency compared with
placebo, with an absolute therapeutic gain of -9%'¢*'**, Benefits often
persist beyond the treatment period, and re-treatment s effective for
symptomrecurrence for up to two additional courses'®, Adverse event
rates are generally similar to placebo.

Furthermore, the ACG and AGA conditionally recommend elux-
adoline based on moderate-certainty evidence'*'*. Eluxadoline,
a mixed p-opioid and k-opioid agonist and 6-opioid antagonist,

is associated with combined abdominal pain and stool consistency
response rates of ~26% versus 17% with placebo, sustained through
26 weeks'®. Constipation and nausea are common adverse effects.
Eluxadoline is contraindicated in patients without a gallbladder,
prior pancreatitis, substantial alcohol use, biliary obstruction or
severe hepatic impairment due to risk of pancreatitis and sphincter
of Oddi dysfunction'®.

Alosetron, a serotonin receptor 3 (5-HT;) antagonist, improves
global symptoms, pain or discomfort, stool frequency and consistency,
and urgency. Although the ACG rate the evidence as low-quality, the
AGArate the evidence as moderate-certainty, but societies condition-
ally recommend alosetron in IBS-D''*°, A network meta-analysis found
thatall FDA-approved medications for IBS-D were superior to placebo
for global symptom improvement, with alosetron ranking highest for
efficacyinindirect comparisons'®’. However, alosetronis only approved
for women with severe IBS-D who have failed standard therapies and
hasbeen associated with ischaemic colitis (1:1,000 patients) and con-
stipation. Ramosetron is another 5-HT; receptor antagonist that is
approved for adults with IBS-D in several countries in Asia'*®. Ondan-
setron, a widely available 5-HT, receptor antagonist used for nausea,
seems toimprove bowel symptoms and overall IBS-D symptoms but has
less effect on pain'®’. The use of 5-HT, receptor antagonists is limited
by constipation.

Although bile acid diarrhoea is considered a distinct condition
from IBS, the AGA and ACG do not recommend testing for it in indi-
viduals with IBS-D due to alack of adequately powered trials. However,
a subset of patients meeting IBS criteria may have symptoms partly
driven by bile acid-mediated mechanisms. A RCT involving patients
withsuspected bile acid diarrhoea and those with IBS-D or IBS-Minves-
tigated the efficacy of colesevelam, abile acid sequestrant. The study
reported that colesevelam was associated with higher remission rates
ofbile acid diarrhoea diagnosed by elevated C4 than placebo (OR11.1,
95% Cl 3.5-45.6), with greater benefits observed in those with severe
bile acid diarrhoea'”°. Common adverse effects of colesevelam were
bloating, stomach ache and nausea; however, none led to treatment
discontinuation.

IBS with predominant constipation. Management of IBS-C aims
to improve stool frequency and consistency as well as abdominal
symptoms, particularly pain and bloating™*'®! (Fig. 6). Polyethylene
glycol, an osmoticlaxative, improves stool frequency but has limited
effects onabdominal painand global IBS symptoms with low-certainty
evidence'”. It is conditionally suggested by the AGA but not recom-
mended for global symptom relief by the ACG, although both acknowl-
edge its role as an inexpensive, generally well tolerated option for
bowel-predominant symptoms. Soluble fibre, particularly psyllium,
can improve stool form and global IBS symptoms and is generally
better tolerated thaninsoluble fibre, which may exacerbate bloating"”>.

Linaclotide and plecanatide are guanylate cyclase-C agonists
that increase intestinal fluid secretion and accelerate transit whilst
also improving abdominal pain and global symptoms'>"”, Lubipros-
tone, achloride channelactivator, and tenapanor, asodium-hydrogen
exchanger 3 (NHE3) inhibitor, are additional options that improve
constipation and abdominal symptoms'>'¢, Evidence is strongest for
linaclotide, with high certainty and strong recommendations fromboth
the ACG and the AGA; certainty in evidence for plecanatide, lubipros-
tone and tenapanor is moderate with conditional recommendations
from the AGA"*°. Although linaclotide, plecanatide, lubiprostone
and tenapanor improve constipation and abdominal symptoms, the
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absolute therapeutic gains over placebo are generally modest (ranging
from 8% to 20% across pivotal trial end points). Indirect comparisons
suggest broadly similar efficacy, although linaclotide consistently
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ranked highest for most end points'”’. Diarrhoea is the most common
adverse effect across these agents, whereas nauseais specifically more
common with lubiprostone.
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Fig.5|Mechanisms and therapeutic targets for irritable bowel syndrome
with predominant diarrhoea. Schematic illustrating peripheral and central
mechanisms contributing to irritable bowel syndrome with predominant
diarrhoea and sites of action of commonly used and other potential therapies.
Luminal factors (nutrients, bile acids and microbiota) influence enteroendocrine
signalling and serotonin synthesis via tryptophan hydroxylase 1 (TPH1), which
modulates enteric neurons within the submucosal and myenteric plexuses.
These pathways regulate secretion, motility and visceral afferent signalling to the
brain through spinal, vagal and pelvic pathways. Mediators, including serotonin,
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acetylcholine (ACh), nitric oxide (NO) and substance P, influence smooth muscle
activity and sensory signalling. Therapeutic approaches target serotonergic,
histaminergic, opioid and neurokinin pathways, bile acid signalling, microbial
pathways and epithelial barrier function to reduce diarrhoea, motility
disturbances and visceral hypersensitivity. 5-HT5, serotonin receptor 3; FXR,
farnesoid X receptor; HR, histamine 1receptor; NK,R, neurokinin 2 receptor;
SBI, serum-derived bovine immunoglobulin; TRPV], transient receptor potential
vanilloid 1. Adapted fromref. 223, CC BY 4.0 (https://creativecommons.org/
licenses/by/4.0/).
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neuronal pathways involved inirritable bowel syndrome with predominant
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microbial metabolites influence enteroendocrine cells and enteric neurons
within the submucosal and myenteric plexuses, affecting secretion, motility
and visceral signalling. Secretagogues stimulate guanylate cyclase C (GC-C),
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fibrosis transmembrane conductance regulator (CFTR) chloride channels to
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enhance intestinal fluid secretion. Other therapies activate chloride channels,
inhibit sodium-hydrogen exchanger 3, stimulate serotonin receptor 4 (5-HT,)

to increase motility, or modulate bile acid signalling and the gut microbiota.
These pathways collectively improve intestinal secretion, accelerate transit

and alleviate constipation, while central neuromodulators influence symptom
perception via brain-gut pathways. ACh, acetylcholine; CIC2, chloride channel 2;
IBAT, ileal bile acid transporter; NHE3, sodium-hydrogen exchanger 3; NO, nitric
oxide; VIP, vasoactive intestinal peptide.

IBS with mixed bowel habits. IBS-M treatment should be directed by
symptoms: peppermint oil, other antispasmodics and neuromodula-
tors may be used for pain, and loperamide might be intermittently used
during diarrhoea-predominant phases or osmotic laxatives during

constipation-predominant phases. It is conceivable that combina-
tion treatments targeting different symptoms may have a potential
therapeutic effect. However, RCTs specifically evaluating treatments
for IBS-M are lacking.
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Brain-gut behaviour therapies

Coghnitive behavioural therapy. Cognitive behavioural therapy (CBT)
is the most commonly utilized BGBT for IBS, with multiple RCTs sup-
porting its efficacy in improving global symptoms, abdominal pain
and quality of life”*'®', CBT is a structured, time-limited therapy that
targets symptom-specific fear, catastrophizing, avoidance behav-
ioursand hypervigilance to visceral sensations, all of which have been
associated with increased IBS symptom burden'®%. Core components
of CBT typically include psychoeducation, cognitive restructuring,
exposure and guided relaxation. CBT is usually delivered by a mental
health clinician over 4-12 sessions and has demonstrated durable
improvements in abdominal pain, global gastrointestinal symptoms
and functional impairment'®*. Evidence also supports manualized CBT
programmes focused on teaching and reinforcing CBT skills through
nurse-supported'® and guided self-help formats"’, expanding access
to evidence-based care.

Gut-directed hypnotherapy. Gut-directed hypnotherapy (GDH) is a
structured, protocol-driven intervention that uses focused attention
and therapeutic suggestion to modulate visceral sensitivity, motility
and central pain processing. Sessions employ imagery and suggestions
designed to normalize gut function and downregulate autonomic
arousal, typically paired with daily home practice. RCTs in IBS dem-
onstrate significant and durable improvements in abdominal pain,
bowel symptoms and quality of life. GDH protocols typically consist of
7-12 clinician-delivered sessions'®>'15¢,

Digital therapeutics. Digital therapeutics are technology-enabled
delivery platforms designed to expand access to behavioural inter-
ventions, particularly in settings with limited access to trained mental
health clinicians'’. These platformsinclude app-based CBT and struc-
tured online GDH programmes, which have demonstrated efficacy in
reducing IBS symptom severity. Patient engagement and sustained
use remain important considerations for maximizing treatment
effectiveness.

Adjunctive and emerging therapies

Studies have evaluated several adjunctive therapies for use in IBS.
A multicentre RCT of patients with IBS-D demonstrated benefit with
acupuncture, although durability and efficacy across IBS subtypes
remain uncertain'*®, Meta-analyses suggest some probiotics confer
modest symptom improvements; however, heterogeneity, limited
high-quality evidence and uncertainty regarding optimal strains have
led toinconsistent guideline recommendations'’. Faecal microbiota
transplantation trials have yielded mixed results, and responses may
vary by donor and recipient microbiome features*"". Hence, fae-
cal microbiota transplantation remains investigational. L-glutamine
improved IBS severity scores and intestinal permeability in a single
trialin post-infection IBS-D but confirmatory studies are needed"*'*>.

Quality of life

Quality of life impairment is a defining feature of IBS and is often dis-
proportionate to objective measures of bowel disturbance®. For many
patients, the greatest burden extends beyond pain or altered bowel hab-
itstorestrictions indaily activities, social participation and emotional
well-being. Importantly, quality of life may improve even when gastro-
intestinal symptoms do not fully resolve. Meta-analyses demonstrate
moderate-to-large impairments across physical, emotional and social
domains compared with healthy controls, with clinically meaningful

improvements following non-pharmacological interventions'*. Pain

and bloating symptoms are independently associated with reduced
health-related quality of life and increased anxiety and depression
scores'”"¢, In the Rome Foundation Global Epidemiology Study, indi-
viduals meeting diagnostic criteriafor DGBl had poorer health-related
quality of life than those who did not meet the criteria, with IBS par-
ticularly showing the most pronounced impairment among bowel
disorders™”.

Patient experience is a major determinant of quality of life in IBS.
Internalized stigma, manifesting as embarrassment, alienation and
social withdrawal, explains 25-40% of the variance in quality of life
and psychological distress beyond symptom severity'®. Stigma may
also reduce acceptance of neuromodulators and BGBT if patients per-
ceive these treatments as implying that their symptoms are primarily
psychological'”. Clear, culturally sensitive education, which validates
symptoms and explains the rationale for centrally acting therapies,
can support shared decision-making and adherence. Shame ampli-
fies the relationship between symptom severity and anxiety, depres-
sion, and poor quality of life*°°. This suggests that illness perceptions
and emotional responses to symptoms reinforce maladaptive coping
and impaired well-being. The construct of bothersomeness, that is,
the degree to which symptoms are distressing or disrupt daily life,
as reported by patients with IBS and functional dyspepsia, captures
multidimensional impacts across social, emotional, dietary, occupa-
tional and financial domains®”". Together, these findings underscore
empathic communication, clear explanation and collaborative care as
core therapeutic elementsin IBS.

Among available approaches, BGBTs, particularly CBT, have the
most consistent evidence for improving quality of life, often producing
larger effects on daily functioning and gastrointestinal symptoms than
on mental health?®, These benefits seem to arise primarily through
reductionsinsymptom-related anxiety, fear-avoidance and maladap-
tiveillness beliefs rather than from direct modulation of gastrointesti-
nal orautonomic physiology®®. Similarimprovementsin IBS symptoms
are observed when CBT is delivered for comorbid anxiety disorders,
particularly among patients with gastrointestinal symptom-related
anxiety®*. Lifestyle interventions, such as physical activity and stress
management, may provide additional benefit, although evidence of
sustained quality of life improvement remains heterogeneous and of
low certainty**>?°°, Food-related quality of life, or the extent to which
food, eating and drinking bring enjoyment to people’s lives, is lower
in people with IBS than in healthy individuals and in persons with
IBD??. Appropriate dietary support may improve quality of life by
restoring confidence in eating and enabling social participation and
by improving symptoms in parallel**®,

Outlook

Where we are

The modest gainsreported in treatment trials have led some clinicians
and patients to question whether available interventions are truly effec-
tive. However, such outcomes are consistent with our current empirical
treatment paradigm. IBSis not asingle disease but asyndrome defined
by symptom criteria and limited testing to exclude IBS mimickers.
Increasing evidence suggests that IBS represents a shared clinical
expression of multiple pathophysiological mechanisms that converge
onasimilar symptom phenotype. IfIBS reflects several mechanistically
distinct disorders, empirical therapies targeting a specific pathway
will only benefit asubset of patientsin whom that pathway is relevant.
Noveltherapies directed at specific mechanisms but prescribed solely
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onthebasis of symptoms will probably have similar limitations. Inaddi-
tion, combining therapies that target different levels of the gut-brain
axis (for example, peripheral and central mechanisms) may enhance
therapeuticefficacy, particularly in patients with multifactorial aetiol-
ogy. Thus, the centralunmet needin IBS is not simply the development
of new effective therapeutic interventions but also the identification
of validated biomarkers and mechanistic subtypes that can enable
precision therapeutic drugs and/or non-pharmaceutical approaches.
Treatment trials are of relatively short duration given the chronic course
experienced by most patients with IBS. Pharmacological trials typically
last 12-26 weeks, and dietary and behavioural intervention periods
commonly last 4-12 weeks, although some include longer follow-up.
Few controlled studies extend beyond 1 year, limiting conclusions
aboutlong-term efficacy and safety.

Important gaps persist — IBS-M, men, paediatric populations and
underserved communities remain under-representedin clinical trials,
and there are limited data on the outcomes and cost-effectiveness of
integrated, multidisciplinary care models. Addressing these inequities
is essential for advancing both science and public health.

The way forward

Symptoms will remain foundational to IBS diagnosis and manage-
ment. Yet symptom-based phenotyping alone lacks the specificity
required for precision care. Many clinicians lack the time, training or
tools to collect multidimensional data that can guide personalized
treatment.

Digital health platforms, artificial intelligence and machine learn-
ing can move beyond a predominantly symptom-based approach. Lon-
gitudinal symptom tracking integrated with biological and behavioural
data, including diet, bowel patterns, physical activity, sleep and stress,
can improve phenotypic accuracy?”. Platforms that capture passive
data streams, such as wearable-derived metrics of the autononomic
nervous system, actigraphy and sleep staging, may provide objective
measures of physiological state. Artificial intelligence-enabled systems
can integrate clinical, behavioural and biological data to generate
predictive models for treatment response”®. These platforms can
learn over time, enabling iterative personalization, but rigorous vali-
dation and equitable implementation is essential to avoid widening
disparities.

The exposome

Diet and stress are well-recognized modifiable drivers of IBS
symptoms”’, and dietary and behavioural therapies now feature promi-
nently in clinical guidelines'*"*", Integrated, multidisciplinary care,
including dietary, behavioural and pharmacological therapies, repre-
sents the aspirational standard for IBS***, Yet access remains uneven,
highlighting the need for scalable delivery models, including virtual
careand digital therapeutics. Complementary approaches, including
acupuncture, herbal therapies, non-invasive vagal nerve stimulation
and movement-based interventions, may expand evidence-based
options, but further research is needed. Integration of these thera-
pies into mainstream care will depend on clinician training, access
to gastrointestinal dietitians and psychologists, quality and safety
oversight, and sustainable delivery models.

The broader ‘exposome’ — the totality of lifetime environmental
exposures — extends beyond perturbations of the homeostasis of
brain-gut-microbiomeinteractions by psychosocial and dietary stress
to include chemicals, drugs, pollutants and infections. Epidemio-
logical studies link environmental exposures, including air pollution

and pesticides, and lifestyle factors, to IBS symptom development
or exacerbation?”. Although causation remains uncertain, plausible
mechanisms underlying responses to the exposomeinclude alterations
in gut microbiome, impaired gut barrier function, immune modula-
tion and downstream effects on visceral sensitivity and motility. The
exposome is also a promising source of modifiable risk factors and
biomarkers, but further studies are needed. Microbiome-based and
metabolome-based signatures are being explored as predictors of
response to the low-FODMAP diet or personalized diets***”. Microbi-
ome engineering, through targeted probiotics, psychobiotics, bacte-
riophage approaches or metabolite-based interventions, representsan
emerging frontier, although robust mechanistic and clinical validation
isrequired.

Host factors and multi-omics integration

Biological abnormalities have been identified in subsets of patients
withIBS?®. None are pathognomonic, underscoring the heterogeneity
and the challenge of causal inference. Many studies have focused on
isolated abnormalities without fully capturing the complex systems
in which they occur. Multi-omics integration, including genomics,
transcriptomics, proteomics, metabolomics, metagenomics, epi-
genomics and even viromics, offers a systems-level framework for
mechanistic subtyping®’. Studies integrating microbial transcripts,
host gene expression and metabolite profiles have distinguished IBS
subtypes®and identified subgroup-specific pathways, including alter-
ations in bile acid and purine metabolism and microbial metabolites
suchas tryptamine”, Longitudinal studies linked to clinical outcomes
suggest that mechanistic clusters may predict dietary responses, for
example, to alow-FODMAP diet*”, or symptom trajectories, shifting
the field towards functional, testable mechanisms.

Understanding sex-specific biology is another priority. IBS exhib-
its female predominance, yet mechanisms underlying sex differences
in pathophysiology and treatment response remain incompletely
understood®. Future trials should therefore incorporate sex-stratified
analyses and consideration of hormonal state.

Research and public health priorities

Progressinadvancing clinical care and the scientific understanding of
IBS will require standardized end points, harmonized core outcome sets
and routine incorporation of validated patient-reported outcomes.
Pragmatictrialsembedded inreal-world settings are needed to evaluate
integrated care models, digital therapeutics and combination strate-
gies. Longitudinal cohorts linked to biobanks and digital data streams
will be essential for biomarker validation and mechanistic discovery.
Public health priorities include expanding access to integrative care,
improving global education on DGBl and reducing stigma. Destigma-
tization can directly increase care-seeking, adherence and research
participation.

Future vision

Future progress should build on, rather thanreplace, evidence-based
symptom-directed care. Priorities include prospectively validating
candidate biological and behavioural predictors of treatment response
and testing whether matching treatments to these features improves
outcomes over standard care. Until such predictors are validated, treat-
ment should remain guided by predominant symptoms, evidence,
safety and patient preferences.
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