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ABSTRACT

Irritable bowel syndrome (IBS) is a common disorder of gut-brain interaction characterised
by symptoms of abdominal pain, occurring at least 1 day per week, and a change in stool
frequency or form. Conventionally, patients with IBS are subtyped according to their
predominant bowel habit and this is used to direct symptom-based treatment. However, this
approach is probably an over-simplification of what is recognised to be a complex, multi-
dimensional condition and other factors, such as psychological health, are known to influence
symptom severity and prognosis. We have previously used latent class analysis, a method of
mathematical modelling, to demonstrate that people with IBS can be classified into seven
unique clusters based on a combination of gastrointestinal symptoms, abdominal pain, extra-
intestinal symptoms, and psychological co-morbidity. The clusters predict prognosis of IBS,
in terms of symptom severity, healthcare utilisation, in terms of consultation behaviour,
prescribing, and costs, and impact, in terms of quality of life, work and productivity, activities
of daily living, and income. We propose that these clusters could be used to direct IBS
treatment in a more personalised way that better recognises the heterogenous nature of the
condition and explore this hypothesis in detail in this review. First, we present new data
providing additional validation of our seven-cluster model. Second, we conduct a
comprehensive evidence-based review of the management of IBS encompassing general
measures, including patient education, lifestyle, and diet; treatment of diarrhoea; treatment of
constipation; treatment of abdominal pain; and treatment of co-existent psychological
symptoms. Third, based on this evidence, we propose a framework of first- and second-line
treatments according to IBS cluster. Finally, we discuss what further research is needed to
implement this approach in clinical practice, including the need for randomised trials

comparing cluster-based treatment with conventional treatment according to stool subtype.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a common disorder of gut-brain interaction
(DGBI),(1) estimated to affect between 5% and 10% of the global population at any one
time.(2) Characterised by chronic gastrointestinal symptoms, in particular abdominal pain
and altered bowel habit, which are frequently debilitating in their severity, the impact of IBS
on those suffering from the condition is considerable. IBS also places a substantial burden on
healthcare services and budgets. In the UK, a recent analysis concluded that IBS treatment
and care cost almost £2 billion per annum,(3) and other countries, such as Germany, China,
and the USA have reported that the economic toll of IBS is similarly high.(4-6) IBS has a
negative impact on health-related quality of life, comparable with other chronic diseases,
such as heart failure or chronic lung disease.(7) People with IBS often report a loss of
freedom and spontaneity, due to the severity and unpredictability of their symptoms,(8) and
identify that IBS affects their ability to socialise, form close relationships, travel, and work
effectively.(9) Almost 30% of people with IBS have needed to take time off work due to their
symptoms, with between 72 and 188 million hours of work lost due to IBS per year in the UK
among those of working age.(10) In addition, over 80% of those with IBS report either
overall work impairment due to their symptoms or that they have attended their workplace
despite not feeling well enough to be there.(10) Unfortunately, the effects of IBS on a
person’s life are often hidden and may be difficult for others to understand, meaning that
patients can feel stigmatised by family, friends, and healthcare professionals.(11) Perhaps
unsurprisingly, therefore, people with IBS are willing to tolerate considerable theoretical risks
to be free of their symptoms. In one study,(12) patients would accept a median 2% risk of
death for a 98% chance of permanent cure and, in another study, they were willing to give up

25% of their remaining life expectancy, an average of 15 years, to be symptom-free.(13)
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A diagnosis of IBS is made using the Rome criteria, which were last updated in
2016.(14) This current iteration, Rome IV, defines IBS as the presence of abdominal pain, at a
frequency of at least 1 day per week, associated with a change in stool frequency or form.
Patients are subtyped according to their predominant bowel habit into one of four categories,
which are used to direct treatment: IBS with diarrhoea (IBS-D), IBS with constipation (IBS-
C), IBS with mixed bowel habits (IBS-M), if they experience diarrhoea and constipation
equally often, or IBS unclassified (IBS-U), if they do not meet criteria for the other three
subtypes (Figure 1). Predominant bowel habit is defined according to the proportion of stools
that are loose or hard, using the Bristol stool form scale (BSFS), on days when the stools are
abnormal. Randomised controlled trials (RCTs) in patients with IBS-D or IBS-C use
endpoints that define treatment response clearly and, accordingly, these subtypes have been a
focus for new drug development over many years.(15, 16) However, consensus on endpoints
for IBS-M or IBS-U is lacking, and defining them may be challenging. Consequently,
patients in these subtypes, who account for between 40% and 50% of people with IBS,(2) are
left disenfranchised by the current system when it comes to both participation in RCTs and
access to novel treatment options.

Another problem with the current classification of IBS is that it places the emphasis
entirely on gastrointestinal symptoms, despite IBS being a complex, heterogenous disorder.
The gut-brain axis, the two-way communication system between the gastrointestinal tract and
the central nervous system, is key to our current conceptualisation of IBS.(17) It is well-
established that psychological health can influence the development of IBS and the
experience of gastrointestinal symptoms, but also that the converse is equally true.(18, 19)
Moreover, clear risk factors for developing IBS, such as an history of enteric infection,(20)
are recognised, and the pathophysiology of IBS, although not understood completely, is

complex, with multiple factors, such as genetics, the microbiome, immune function, and
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visceral hypersensitivity, all being proposed as underlying mechanisms.(21) However, the
relative influence of any particular factor will vary for any individual person with IBS.

In acknowledgement of these complexities, the Rome Foundation have published the
multi-dimensional clinical profile (MDCP).(22) This is a framework encouraging clinicians
to evaluate factors other than gastrointestinal symptoms when assessing a patient with IBS,
including psychological health, using this information to formulate a more personalised
management plan. However, the MDCP approach is limited by the fact that, beyond
physicians with a specialist interest in DGBI, it is relatively unknown, and stops short of
recommending the systematic inclusion of these factors in the general diagnosis and
subgrouping of people with IBS. This means that most patients with IBS will derive no
benefit from the proposals it makes.

There has been increasing interest in new approaches for subgrouping people with
IBS that include psychological health data routinely, using a technique called latent class
analysis (LCA).(23, 24) LCA is a form of mathematical modelling that identifies previously
unobserved clusters within multivariate data. The variables for inclusion in the model are pre-
defined and LCA is then applied to determine the optimum solution for grouping participants
into clusters, based on these variables, measured using statistical tests of model fit. We have
previously applied this technique to a large cohort of individuals with Rome III and Rome IV
IBS.(25) We have shown that people can be classified into seven distinct clusters based on
their pattern of bowel symptoms and abdominal pain, and levels of psychological co-
morbidity, based on degree of extra-intestinal symptom reporting and anxiety and depression
scores (Figure 2). These seven clusters were reproducible irrespective of whether IBS was
defined according to Rome III or Rome IV criteria. Other researchers have also used LCA to

classify IBS and, although the precise characteristics and number of clusters vary between
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studies, there is broad agreement that cluster separation occurs based on a combination of
gastrointestinal and psychological symptoms.(23, 24, 26, 27)

Follow-up of our model at 12-months showed that most people in a cluster with high
levels of psychological co-morbidity at baseline remained in such a cluster at follow-up and
vice versa.(28) Individuals in a cluster with a high psychological burden at baseline had more
severe IBS symptoms at follow-up, which had a greater impact on activities of daily living,
compared with those in a cluster with a low psychological burden. They also received a
higher mean number of treatments for their IBS and were more likely to have seen a doctor
about their symptoms over the preceding 12 months.

We applied our model to another cohort of people with IBS, subsequently, to assess its
correlation with the impact of IBS.(29) Individuals in the four clusters with the highest
psychological burden, and particularly those in cluster 6 with the highest overall
gastrointestinal symptom levels and highest psychological burden, had reductions in IBS-
specific and general quality of life, and ability to work, engage in social and leisure activities,
and maintain close relationships, and their annual income was also impacted. Healthcare
costs associated with IBS were also highest in these four clusters. More recently, we
examined the applicability of the clusters in the Rome Foundation global epidemiological
survey, containing over 2000 individuals with Rome IV-defined IBS recruited from a
community setting in 26 different countries.(30) All seven clusters were reproducible and,
again, those in clusters with the highest psychological burden, and particularly cluster 6,
exhibited higher levels of healthcare-seeking, and had higher symptom severity and lower
quality of life.(31) In this study, the clusters with highest psychological burden were also
more likely to have undergone previous abdominal surgery.

We have sought to further refine our understanding of the seven-cluster model by

presenting additional analyses from our original study (Table 1).(25) Although measures of
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abdominal pain, anxiety and depression scores, and extra-intestinal symptom reporting were
included in model derivation, we have now cross-tabulated these variables by cluster to
provide additional validation of the cluster descriptions. This shows that those clusters
characterised by high psychological burden had a higher prevalence of abnormal anxiety and
depression scores, assessed using the hospital anxiety and depression scale (HADS), and
higher levels of somatoform symptom reporting, assessed via the patient health
questionnaire-12. Other measures of psychological health, including gastrointestinal-
symptom specific anxiety, assessed using the visceral sensitivity index, and perceived stress,
assessed via the Cohen perceived stress scale, showed a similar association, with higher
scores in those clusters defined by high psychological burden. The proportion of people
reporting daily abdominal pain and severe symptoms, based on the IBS symptom severity
score was also higher in these clusters. These clusters were also characterised by either high
levels of abdominal pain alone or high overall gastrointestinal symptoms, in addition to the
high psychological burden. Lastly, we examined the distribution of IBS subtypes according to
cluster. Most people in constipation-defined clusters 5 and 7 met criteria for IBS-C, with very
few having IBS-M or IBS-D, whereas in diarrhoea-defined clusters 1 and 4, most people had
IBS-D or IBS-M. In clusters 2, 3, and 6 with low overall bowel symptoms but high levels of
abdominal pain, low overall gastrointestinal symptom severity, or high overall
gastrointestinal symptom severity, respectively, all subtypes were represented, but most
people met criteria for IBS-M.

Based on the findings of our group, and others, we propose augmentation of the
traditional paradigm of IBS subtyping using a patient’s predominant bowel habit with the
addition of a third axis representing levels of abdominal pain, extra-intestinal symptom
reporting, and psychological burden. This transforms our perspective of IBS into one with

three dimensions and it is possible to represent all seven of our clusters in this diagram,
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(Figure 3). Viewed in this way, we can conceptualise that, not only should we be targeting
treatment at a patient’s predominant bowel habit, but we should also be considering their
overall symptom burden, including their experience of abdominal pain, and their
psychological health. Using the clusters to direct therapy could unlock an approach which
delivers integrated and, ultimately, more personalised care, but in a standardised way. This
has the potential to benefit the most patients with IBS. Making an early positive diagnosis of
IBS, based on typical symptoms alongside limited investigations, to facilitate early initiation
of an efficacious treatment is key to the successful management of the condition.(32) Having
the ability to target combinations of treatments more effectively could, therefore, change the
natural history of the disorder and improve outcomes. However, it is vital that any such
approach be underpinned by evidence-based principles. The remainder of this article will,
therefore, review the evidence for the management of IBS according to both gastrointestinal
and psychological symptoms, discussing how this could be applied to the subgrouping model
we have proposed, and consider what further research is needed to test our hypothesis of

personalised, cluster-based, treatment in clinical practice.

Search strategy and selection criteria

We searched MEDLINE from 1% January 1947 to 30" June 2024 to identify
references for this viewpoint. Search terms included “irritable bowel syndrome or functional
diseases, colon” combined with the following: “education, sleep, lifestyle, exercise,
probiotics, fructan, FODMAP, fructooligosaccharide, dietary fibre, psyllium,
parasympatholytics, scopolamine derivatives, trimebutine, muscarinic antagonists, menthol,
menthol, piperita, alosetron, eluxadoline, ramosetron, rifaximin, lubiprostone, linaclotide,

plecanatide, tenapanor, psychotropic drugs, antidepressive agents, desipramine, imipramine,



Black & Ford Page 11 of 53

trimipramine, doxepin, dothiepin, nortriptyline, amitriptyline, serotonin uptake inhibitors,
paroxetine, sertraline, fluoxetine, citalopram, pregabalin, gabapentin, duloxetine, therapy,
psychotherapy, behaviour therapy, relaxation therapy, or hypnosis.” Those most relevant to
the hypothesis presented in this article were prioritised. We selected meta-analyses and RCTs
preferentially and, therefore, the best available evidence was used to inform the article.
Where there were no studies available to support the approaches suggested in the article, we

relied on our clinical experience in this field.
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MANAGEMENT OF IBS

General first-line approaches

Education

Good communication is a key tenet of IBS management.(33) It is important that
patients have a clear understanding of how gastrointestinal symptoms can arise in the absence
of organic pathology, with explanation framed in terms of the gut-brain axis and, therefore,
why investigations may be normal. Discussion should manage expectations appropriately,
emphasising that treatment aims to improve symptoms and lessen their impact, but that
complete cure is rarely achievable.(34, 35) One RCT compared the effects of structured
patient group education on patient knowledge, symptoms, and quality of life,(36) with
receiving only written information about IBS. Education was delivered by a range of
healthcare professionals, including nurses, gastroenterologists, dietitians, physiotherapists,
and psychologists. Patient group education resulted in greater reductions in IBS symptom
severity and gastrointestinal symptom-specific anxiety and led to significant improvements in
several aspects of health-related quality of life. In another study examining the impact of a
one-off multidisciplinary education class for IBS in 344 patients,(37) class attendees showed
greater improvements in symptoms and health-promoting behaviours compared with non-
attendees at 6-month follow-up. However, there was no effect on quality of life, patient
satisfaction, or healthcare utilisation. Finally, Labus ef al. randomised patients with IBS to
receive a brief psycho-educational intervention or waiting list control.(38) The intervention
emphasised the mind-body connection in IBS, promoted self-help strategies, and provided
information on relaxation techniques. Patients receiving education showed greater

improvements in symptom severity, gastrointestinal symptom-specific anxiety, depression,
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and quality of life, and many of these changes were sustained at 3-month follow-up. Overall,
therefore, providing patients with good quality education about IBS is likely to be beneficial.
The success of single-session group education offers a practical and sustainable way to
deliver this intervention in clinical practice. There is also evidence to suggest education can

be provided successfully by digital means, such as webinars.(39)

Exercise

Exercise is important for maintaining good physical and mental health.(40-42) It can
also accelerate gastrointestinal transit and improve intestinal gas clearance,(43, 44) and
might, therefore, be beneficial for some patients with IBS. One trial compared 12 weeks of an
exercise intervention with usual care.(45) In total, 305 patients with IBS were invited to
participate, although only 56 (18%) agreed. Those in the exercise group reported significant
improvements in constipation, compared with those assigned to usual care, but there were no
differences between groups for other IBS symptoms or quality of life. Another study
randomised 102 patients with IBS to receive a physical exercise programme or usual care for
12 weeks, 75 (74%) of whom completed the study.(46) Physical exercise resulted in
significantly greater improvements in IBS symptom severity scores, compared with usual
care, and these positive effects persisted in 39 patients followed up for a median of 5.2
years.(47) A recent Cochrane review examined data from 11 RCTs,(48) including the two
aforementioned studies. The authors concluded that exercise, including yoga, treadmill
exercise, or support to increase physical activity may improve global symptoms in IBS, but
not abdominal pain or quality of life. However, confidence in these conclusions was limited
due to the very low quality of available evidence. Nevertheless, it seems reasonable to
encourage patients with IBS to increase their physical activity, if possible, due to the potential

for positive changes in gastrointestinal symptoms, as well as other general health benefits.
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Lifestyle advice

Patients with IBS often report greater psychological stress than controls,(49) and there
is a recognised relationship between stress and gastrointestinal symptoms in IBS,(50)
although this may be reciprocal rather than causal. However, although findings are
inconsistent, studies have shown that stress can alter gastrointestinal motility and intestinal
permeability, influence visceral sensitivity and perception, and affect the activity of the
autonomic nervous system.(51, 52) All of these are mechanisms by which stress could trigger
gastrointestinal symptoms. A systematic review of stress management techniques in IBS
concluded that these may result in short-term reductions in bowel symptoms and improve
mental health, but whether there were longer term benefits was unclear.(53) Despite this, it
seems reasonable, as recommended by previous management guidelines,(54) to encourage
relaxation and promote leisure time among patients with IBS, some of whom may derive
benefit.

Sleep disturbance is commonly reported in IBS.(55) In a large population-based
survey of over 2000 individuals, when adjusted for age and sex, sleep disturbance was
reported by 13.5% of participants, of whom one-third met criteria for IBS.(56) Following
adjustment for age, sex, and somatisation scores, IBS was significantly more common among
people with sleep disturbance. A recent study examined the effects of subjective sleep
disturbance, assessed using the Pittsburgh Sleep Quality Index, and objective sleep
disturbance, using wrist-worn actigraphy, in patients with IBS.(57) This showed that patient
perception of sleep was the most important factor affecting gastrointestinal symptom
reporting. Poor subjective sleep quality was associated with higher levels of gastrointestinal
symptoms being experienced the following day, whereas there was no association between
symptoms and objective measures of sleep quality. In cross-lagged analysis, gastrointestinal

symptoms were not the cause of poor sleep quality. Another study reported that the
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relationship between poor sleep and IBS symptoms cannot be explained by psychological
factors.(58) However, irrespective of these uncertainties, asking patients with IBS about their
sleep quality and offering interventions, such as sleep hygiene advice, to try to improve sleep
might be helpful for improving gastrointestinal symptoms, although studies of this approach

in IBS are needed.

Dietary fibre supplementation

Fibre may be insoluble, such as bran, or soluble, such as ispaghula. Insoluble fibre
adds bulk to the intestinal contents and increases stool water content, which can accelerate
gut transit time.(59) Soluble fibre forms a gel with water and is digested by gut bacteria, a
process that produces metabolites, such as short-chain fatty acids or secondary bile acids,(60)
which can influence gut function and stimulate transit via their interaction with enteric nerves
and intestinal smooth muscle.(61) These metabolites may also have anti-inflammatory
effects.(61) A previous systematic review and meta-analysis of 14 RCTs showed a significant
benefit of fibre supplementation over placebo for global IBS symptoms.(62) Subgroup
analysis showed that the benefit was confined to studies of ispaghula, with no evidence that
bran was efficacious. Side-effects, such as pain, bloating, or flatulence, are common with
fibre supplements, and perhaps more so with insoluble preparations.(63) However, whether
there is a difference in the adverse event profile of soluble and insoluble fibre could not be
discerned in the meta-analysis due to insufficient reporting of data. Fibre is often
recommended as a treatment for constipation, which, given its effects on stool form and
frequency, is perhaps unsurprising, although this approach has not been the subject of
rigorous clinical trials.(64) Nevertheless, as a simple, inexpensive, and safe treatment, it

seems reasonable to recommend soluble fibre supplements to patients with IBS.
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Probiotics

Probiotics are live micro-organisms that when administered in adequate amounts
confer a benefit on the host.(65) Given the possible role of the gut microbiome in IBS, there
have been multiple RCTs of probiotics in IBS, summarised in a recent meta-analysis.(66)
However, the certainty in the evidence for their efficacy is low due to shortcomings in the
design of many of the trials and, despite data being pooled from 82 separate placebo-
controlled trials in the aforementioned analysis,(66) there appears to be no consistent effect of
a particular strain or species of probiotic on individual symptoms of IBS. However, there was
evidence of efficacy for some Lactobacillus and Bifidobacteria strains, as well as some
combinations of various probiotics, and it seems reasonable to make informal

recommendations to patients based on this meta-analysis and the individual trial results.

Dietary advice

Standard first-line dietary advice for IBS from the British Dietetic Association (BDA),
and approved by the National Institute of Health and Care Excellence (NICE), consists of
recommendations concerning general eating patterns and dietary constituents.(67) This
includes advice to consume small regular meals, avoid skipping meals or eating late at night,
and reduce caffeine, fizzy drinks, rich or fatty food, and fresh fruit intake. BDA/NICE dietary
advice is often used as a comparator in trials of dietary interventions.(68) However, as it has
never been used as an active intervention itself in an RCT, it is difficult to make direct
inferences about its efficacy. In a network meta-analysis of 13 trials,(68) of which five used
the BDA/NICE diet as the comparator, it ranked second for improvement in global symptoms
of IBS after indirect comparison, behind a diet low in fermentable oligosaccharides,
disaccharides, monosaccharides, and polyols (FODMAPs), although it was not superior to

any of the other dietary interventions studied. It ranked lower in terms of its impact on
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abdominal pain, bloating, or improvement in bowel habit, and again was not superior to any
of the other interventions. A smartphone application-delivered FODMAP-lowering diet has
also been tested as a treatment for IBS in primary care in a large Belgian RCT.(69) This is
less complex to follow than a true low FODMAP diet and, therefore, more feasible to deliver

in such a setting. It was superior to the antispasmodic otilonium, irrespective of stool subtype.

Treating constipation and bloating

Laxatives are recommended as first-line treatment for IBS-C.(34) However, aside
from two placebo-controlled trials of polyethylene glycol in IBS,(70, 71) only one of which
reported an increase in stool frequency,(70) evidence for benefit is limited. Nevertheless, they
have been shown to be more efficacious than placebo for constipation more generally, based
on the results of studies in functional constipation (FC).(72) Although this is defined as a
separate DGBI to IBS-C,(14) symptoms are broadly similar between the two disorders,(73)
with the exception of abdominal pain, which is experienced more frequently in IBS-C. These
clinical similarities, together with the fact that laxatives are inexpensive and safe, provides a
good rationale for using laxatives first-line to treat constipation in IBS.

In cases where this approach is ineffective, other drugs have been developed. 5-
hydoxytryptamine-4 receptor (5-HT4) agonists, such as tegaserod, increase gastrointestinal
motility.(74) Tegaserod was approved in the USA for the short-term treatment of IBS-C in
women and for treating FC in women and men but was withdrawn in 2007 due to concerns
about an increased risk of cardiovascular and cerebrovascular ischaemic events.(75)
However, subsequent observational data found no association with an increased risk of these
events and so, in 2019, tegaserod was reintroduced in the USA, but only for treating IBS in
women under 65 years of age with no history of cardiovascular ischaemia. It has now been

withdrawn again for commercial reasons and remains unavailable outside the USA.
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Prucalopride, another 5-HT4 receptor agonist, is widely available, has a good safety profile
and is efficacious for FC,(72) compared with placebo, but has not been evaluated in RCTs in
IBS-C. Despite this, based on the same rationale discussed above with respect to laxative
treatment, it may be reasonable to extrapolate stool consistency data from trials of
prucalopride in FC to justify using the drug to treat constipation in IBS.

A second-line option for when laxatives fail to provide adequate relief are
secretagogue drugs, such as linaclotide, plecanatide, or tenapanor. These drugs activate ion
channels in the epithelium of the intestinal mucosa causing an influx of electrolytes and water
into the lumen, softening stools and increasing gastrointestinal transit. Linaclotide and
plecanatide stimulate the guanylate cyclase-C receptor, whereas tenapanor inhibits the
gastrointestinal sodium-hydrogen exchanger-3. All have been shown to be superior to placebo
in RCTs.(76-78) The main adverse event reported for all three drugs is diarrhoea. No head-to-
head trials of these drugs have been conducted. However, because all have been compared
with a placebo in existing RCTs, a network meta-analysis was able to compare them
indirectly to determine their relative efficacy.(79) This used the Food and Drug
Administration (FDA) endpoint for improvement in stool frequency in trials in IBS-C, which
consists of an increase of >1 complete spontaneous bowel movement per week over
baseline.(15) Linaclotide 290ug daily, plecanatide 6mg daily, and tenapanor 50mg daily were
all more efficacious than placebo for this endpoint, but linaclotide 290pg daily ranked first,
suggesting that this is likely to be the most efficacious option. Their effects on bloating in
patients with IBS-C has been assessed, specifically, in another network meta-analysis of
placebo-controlled trials, which also included data from RCTs of tegaserod.(80) All drugs
were superior to placebo for the symptom of bloating, but again linaclotide 290pg daily

ranked first.
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Treating diarrhoea and urgency

First-line treatment of diarrhoea is usually with loperamide,(34) although evidence for
its efficacy in IBS is lacking as only two small trials have been conducted, involving a total
of 42 patients with IBS-D or IBS-M.(81, 82) A pooled analysis of data from these trials
showed no benefit of loperamide on global IBS symptoms compared with placebo.(83)
However, both trials demonstrated improvements in stool frequency and consistency.
Loperamide is, therefore, a reasonable first-choice drug for diarrhoea in IBS, although
patients often report inadequate relief of their symptoms.(84)

Enterosgel is an intestinal adsorbent. It is classed as a medical device, as it has no
pharmacological action, and is available over the counter. It reduces the duration of an acute
diarrhoeal illness significantly,(85) and is thought to exert its effects by binding bile acids,
bacterial products, and other potentially noxious substances in the gastrointestinal tract. In a
large RCT conducted in the UK, (86) it was more efficacious than placebo in terms of the
FDA endpoint for stool consistency in IBS-D, which consists of a BSFS stool of <5 on >50%
of days.(15) It also improved urgency scores significantly compared with placebo.

A low FODMAP diet has also been assessed as a treatment for diarrhoea, specifically,
in IBS. A network meta-analysis identified six RCTs comparing a low FODMAP diet with a
variety of control interventions,(68) recruiting only patients with IBS-D, which were pooled
using an endpoint of a 30% improvement in bowel habit on the IBS-SSS. Although a low
FODMAP diet ranked first, it was not superior to sham dietary advice, and there was also no
significant difference in efficacy compared with BDA/NICE dietary advice. Its effect on
urgency was reported in one RCT, where it was more effective than BDA/NICE dietary
advice.(87)

Tricyclic antidepressants (TCAs) are often used at low doses in IBS, for the treatment

of abdominal pain and global symptoms. However, due to their anti-cholinergic effects, they
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can have peripheral effects on the gut including slowing gastrointestinal motility.(88, 89) In
this context, they are acting as gut-brain neuromodulators.(90) A previous RCT examined the
effects of amitriptyline 10mg daily compared with placebo in 54 patients with Rome II IBS-
D.(91) Following 2 months of treatment, those receiving amitriptyline reported a significantly
greater reduction in frequency of loose stools compared with placebo, but no data on its effect
on urgency were reported.

Other drugs have been developing specifically for treating IBS-D. These include
rifaximin, eluxadoline, alosetron, and ramosetron. Rifaximin is a minimally absorbed
antibiotic that is postulated to work in IBS via mechanisms related to limited changes in the
faecal microbiome, (92, 93) although these effects are perhaps too modest to explain any
benefit of the drug,(94) and because some studies demonstrate an overlap between IBS and
small intestinal bacterial overgrowth, albeit based on largely low-quality evidence.(95)
Eluxadoline is a mixed opioid receptor drug. Similar to loperamide, eluxadoline activates
intestinal p-opioid receptors, thereby slowing gastrointestinal motility and reducing
diarrhoea, but also acts on d-opioid receptors modulating pain. Alosetron and ramosetron are
5-HT3 antagonists that slow gastrointestinal motility. All these drugs have been tested in
placebo-controlled trials and are efficacious in IBS-D. (74, 96-98) Again, a network meta-
analysis has been conducted examining their relative efficacy in terms of the FDA endpoint
for improvement in stool consistency in trials in IBS-D.(99) In this analysis, all drugs were
superior to placebo, although none were superior to any other drug on indirect comparison.
Alosetron 1mg twice daily and ramosetron 5pug once daily ranked first and second,
respectively. Individual placebo-controlled trials have demonstrated that all these drugs have
beneficial effects on urgency in patients with IBS-D.(97, 98, 100, 101)

Eluxadoline has been associated with serious side effects, including pancreatitis and

sphincter of Oddi spasm,(102) and is not widely available. Alosetron was originally licensed
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for the treatment of women with IBS-D. Due to safety concerns relating to severe
constipation and ischaemic colitis, it was withdrawn,(103) but has since been reintroduced at
a lower dose of 0.5mg twice daily for severe IBS-D in women. Observational data shows that
alosetron is safe and efficacious at this dose among this patient demographic,(104) but it
remains unavailable outside the USA. Ramosetron is only available in Japan and some other
Asian countries. However, ondansetron, another 5-HT3 antagonist, is widely available,
licensed for the treatment of chemotherapy-induced nausea and vomiting, and has a good
safety record. A meta-analysis of three RCTs demonstrated that ondansetron was superior to
placebo for the FDA stool consistency endpoint in IBS-D and for a >30% improvement in
urgency scores.(105) Consequently, these data suggest a class effect of 5-HT; antagonists for
treating diarrhoea and urgency in IBS. The role of ondansetron should, therefore, be explored
further in larger trials, given its wider availability. [rrespective of this, it could already be
considered as a treatment option, given the limited availability of drugs for these debilitating

symptoms.

Treating abdominal pain

First-line treatment of abdominal pain in IBS consists of antispasmodic drugs, such as
hyoscine, otilonium, or alverine, or peppermint oil.(34) The latter has not only antispasmodic
effects due to its active ingredient, L-menthol, which relaxes gastrointestinal smooth
muscle,(106) but also analgesic effects, via transient receptor potential channels.(107) In a
network meta-analysis,(108) containing 10 placebo-controlled trials, antispasmodic drugs as
a class were more efficacious than placebo for abdominal pain, and ranked second for this
endpoint, behind TCAs. However, many of these RCTs were over 20 years old and used
historical definitions of IBS, as well as outdated endpoints to judge efficacy, and there were a

variety of drugs used and heterogeneity between trials. The efficacy of peppermint oil for
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abdominal pain in IBS was studied in a recently updated meta-analysis.(109) Overall, in
seven trials, there was a benefit of peppermint oil over placebo, but this was modest, and the
two most recent trials,(110, 111) which used more stringent endpoints, did not demonstrate

superiority of peppermint oil.

Trials of licensed drugs for both IBS-C and IBS-D use FDA-recommended composite
endpoints to judge efficacy that include a combination of either the stool frequency or stool
consistency endpoint together with a >30% improvement in abdominal pain severity.(15)
These trials also report efficacy in terms of a >30% improvement in abdominal pain severity
as a separate endpoint. This, therefore, makes it possible to examine their effects on
abdominal pain alone in both IBS-C and IBS-D. In IBS-C, a network meta-analysis examined
the relative efficacy of secretagogues for the FDA endpoint for abdominal pain.(79) In this
analysis, linaclotide 290pug, tenapanor 50mg, and plecanatide 3mg or 6mg once daily were all
superior to placebo, but linaclotide 290pug ranked first, followed by tenapanor 50mg.

In IBS-D, again in a network meta-analysis,(99) ramosetron 2.5ug or 5pg once daily,
alosetron 1mg twice daily, and eluxadoline 100mg twice daily were all more efficacious than
placebo for the FDA endpoint for abdominal pain, but rifaximin 550mg three times daily for
2 weeks and eluxadoline 75mg twice daily did not demonstrate any benefit. Ramosetron
2.5ng and 5pg once daily were ranked first and second, respectively, on indirect comparison,
with alosetron 1mg twice daily third. In a meta-analysis of three RCTs of ondansetron versus
placebo there was no benefit of active drug for the FDA abdominal pain endpoint,(105)
suggesting it is best used in patients with diarrhoea and urgency where pain is less of an
issue.

TCAs can reduce visceral hypersensitivity,(112) via effects related to alterations in
central pain processing and perception. In a meta-analysis of RCTs of gut-brain

neuromodulators, four trials reported the effect of TCAs on abdominal pain.(113) Overall,
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TCAs were more efficacious than placebo and, in a network meta-analysis that also included
trials of soluble fibre, antispasmodics, and peppermint oil, TCAs ranked first for this
endpoint.(108) However, there were only 184 patients included in these four trials and
endpoints used were less stringent than those currently recommended in IBS treatment trials.
A recent RCT of low-dose amitriptyline, titrated from 10mg daily to a maximum of 30mg
daily, versus placebo, in 463 patients with IBS demonstrated amitriptyline was superior to
placebo in terms of a >30% improvement in abdominal pain severity at 6 months.(114)

Evidence for the efficacy of other gut-brain neuromodulators for treating abdominal
pain in IBS is limited. In the aforementioned meta-analysis of trials of gut-brain
neuromodulators,(113) there was no benefit of selective serotonin reuptake inhibitors (SSRIs)
over placebo for abdominal pain in three RCTs, although these only recruited 167 patients
and the two trials of fluoxetine demonstrated efficacy when considered separately.(115, 116)
In a small RCT of venlafaxine, a serotonin norepinephrine reuptake inhibitor (SNRI), the
drug was superior to placebo in 30 patients with IBS, in terms of abdominal pain frequency
scores at 12 weeks.(117) It seemed to improve abdominal pain irrespective of whether stool
frequency increased or decreased at the onset of pain. However, duloxetine has more potent
effects on norepinephrine transporters than venlafaxine,(118) and larger doses of venlafaxine
are required to have analgesic effects.(119) There is some evidence for efficacy of duloxetine
for abdominal pain in IBS in small placebo-controlled trials,(120, 121) and for efficacy for
treating pain in other chronic disorders, such as fibromyalgia and low back pain, in meta-
analyses and RCTs.(122-124)

Brain-gut behavioural treatments are also suggested as a potential treatment for
abdominal pain in IBS in some management guidelines.(125) However, until recently there
was little evidence for this. In a recent network meta-analysis of 42 RCTs,(126) brain-gut

behavioural treatments with the largest numbers of trials and patients recruited and with
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evidence for efficacy for abdominal pain included self-guided or minimal contact cognitive
behavioural therapy (CBT), face-to-face multicomponent behavioural therapy, and face-to-
face gut-directed hypnotherapy. These were all superior to a waiting list control intervention,
although no brain-gut behavioural treatment was superior to another. In addition, digital gut-
directed hypnotherapy and digital relaxation therapy were superior to several control
interventions including treatment as usual, education and/or support, and waiting list control
and ranked first and second in the network meta-analysis, respectively, although these were
studied in only one or two trials.

For severe or refractory pain, the use of combinations of gut-brain neuromodulators,
termed augmentation, has been suggested.(90) Combinations of neuropathic analgesics (e.g.,
duloxetine plus gabapentin) were more efficacious than monotherapy in a large cohort of
patients with severe chronic continuous abdominal pain.(127) Attention to the potential for
development of the serotonin syndrome is required for some combinations, especially those

involving both SSRIs and SNRIs.

Treating psychological symptoms

Psychological symptoms often co-exist with gastrointestinal symptoms in IBS and
may be the primary concern for some patients. However, it is important, when assessing
patients, to distinguish between psychological symptoms related to the gut-brain axis, for
example, gastrointestinal symptom-specific anxiety or the psychological consequences of the
impact of symptoms on daily functioning, and a co-existing common mental disorder, such as
anxiety or depression, because this could affect therapeutic approaches.(128) Gut-brain
neuromodulators, which, as discussed, are often used to treat gastrointestinal symptoms in
IBS, are primarily antidepressants, and both TCAs and SSRIs are efficacious in this

context.(113)
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TCAs are generally used at low doses in IBS, which would be considered
subtherapeutic for the treatment of depression or anxiety. Indeed, in the recent RCT of low-
dose amitriptyline, although when titrated from 10mg daily to a maximum of 30mg daily the
drug improved global IBS symptoms and abdominal pain significantly, compared with
placebo, there was no effect on anxiety or depression scores.(114) This reinforces the idea
that low-dose TCAs are acting on motility and sensation in IBS and, hence, may not be a
good choice of gut-brain neuromodulator for patients with co-existing depression or anxiety,
although higher doses have been used in other RCTs in IBS (e.g., up to 150mg daily of

desipramine).(129)

An SSRI may be a better option, given these drugs are recommended first-line for the
treatment of a common mental disorder in patients with other chronic health conditions by
NICE.(130) However, specific evidence for the use of SSRIs in IBS patients with co-existing
common mental disorders is lacking. In a previous study of citalopram 20mg once daily for
IBS, there was a significant improvement in both gastrointestinal symptoms and anxiety and
depression scores, compared with placebo at 6 weeks, although patients with a common
mental disorder at baseline were excluded.(131) Improvements in gastrointestinal symptoms
were independent of changes in mood scores. In contrast, in another study of fluoxetine 20mg
once daily for IBS, which also excluded patients with depression at baseline, there was no
improvement in psychological symptom scores versus placebo.(115) SNRIs are also licensed
for the management of common mental disorders and there is some uncontrolled evidence
that these can be particularly helpful for the management of IBS with co-existing
psychological co-morbidity.(132)

CBT has been evaluated for the treatment of global symptoms in IBS,(113) and some
trials also report its effects on anxiety and depression scores. The ACTIB study compared

both telephone- and web-delivered CBT with treatment as usual for patients with IBS.(133)
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At baseline, average anxiety scores, measured using the HADS, were abnormal in all three
arms, although depression scores were normal. There were significant reductions in overall
HADS scores for both telephone- and web-directed CBT, compared with treatment as usual,
at 3-, 6-, and 12-month follow-up. These improvements were sustained at 24-month follow-
up.(134) In two separate trials of gut-directed hypnotherapy conducted in Sweden, in which
results for HADS scores were pooled, there was a greater decrease in HADS-anxiety scores
with gut-directed hypnotherapy compared with control intervention, although this was not
statistically significant, but no change in HADS-depression scores in either arm.(135) In
another trial of group-delivered gut-directed hypnotherapy, there were significant differences
seen in both HADS-anxiety and HADS-depression scores with active therapy versus a control
of treatment as usual.(136) For patients with symptoms refractory to drugs and with co-
existing psychological symptoms, a combination of a gut-brain neuromodulator and a brain-
gut behavioural treatment may be more efficacious than monotherapy with either, as seen in
depression and chronic headache.(137, 138)

Nevertheless, it is important to remember that although brain-gut behavioural
treatments for IBS may improve symptoms of depression and anxiety, they are intended,
primarily, to be brief gastrointestinal-symptom focused interventions.(128) Indeed, there is
some evidence that global symptoms in patients with IBS and co-morbid anxiety or
depression respond less well to brain-gut behavioural treatments.(139) Referral to a
community-based general psychologist may, therefore, be required either prior to, or
alongside, embarking on a brain-gut behavioural treatment that is intended specifically for
IBS.(140)

For patients with both severe gastrointestinal symptoms and a high psychological
burden, it is unlikely that a single intervention will be sufficient. In this situation, integrated

multi-disciplinary care may be required. The evidence base for this is limited, although one
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RCT reported superior outcomes for patients with DGBI with an integrated approach with
gastroenterologists, dietitians, hypnotherapists, psychiatrists, and behavioural
physiotherapists available in a single clinic, rather than seeing only a gastroenterologist.(141)
In addition, in this study, the proportion of patients who classified their symptoms as severe
or very severe at baseline who experienced symptom improvement was significantly higher

in the multi-disciplinary clinic, compared with those who only saw a gastroenterologist.

Suggested approach to the treatment of IBS using the clusters

The clusters we describe are based on a mathematical formula and can be applied to
any patient with IBS to enable classification into one of the clusters, if the gastrointestinal
and psychological symptom variables we used to derive them are recorded by the patient (see
appendix pages 1 to 3). Applying the evidence summarised above to the clusters we have
described, and in order of the clusters in the model, the following approach for first- and
second-line treatment could be considered, with the ultimate choice made after an informed
discussion with the patient (Figure 4). Irrespective of cluster, education about the condition,
within the context of the gut-brain axis, and lifestyle advice is required for all patients with
IBS.

For cluster 1, where diarrhoea and urgency are the main symptoms, and the
psychological burden is low, first-line treatment would be a choice of loperamide,
ondansetron, or enterosgel as these have shown efficacy for diarrhoea and/or urgency, but
perhaps less so for pain. Second-line options would include a low FODMAP diet, given its
restrictive nature may not be suitable for all patients, a low-dose TCA, eluxadoline, or
rifaximin, where the latter two are available.

For cluster 2, where bowel symptom severity is low but abdominal pain is dominant

and the psychological burden is high, first-line therapy would be a choice of a low-dose TCA
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or an SNRI, such as duloxetine, as these may be more likely to improve pain than an SSRI,
and bowel habit is unlikely to be affected, with second-line treatment the consideration of
adding in a brain-gut behavioural treatment.

For cluster 3, where both overall gastrointestinal symptom severity and the
psychological burden are low, first-line treatment would be a choice of education, exercise,
soluble fibre, probiotics, BDA/NICE dietary advice, or a FODMAP-lowered diet, rather than
a true low FODMAP diet, given symptoms are generally mild and may respond to these
measures alone. Second-line options would include laxatives, loperamide, or antispasmodics
(including peppermint oil), depending on whether constipation, diarrhoea, or abdominal pain
is the most troublesome symptom.

For cluster 4, where diarrhoea, abdominal pain, and urgency are the main symptoms
and the psychological burden is high, first-line therapy would be a choice of alosetron or
ramosetron, where available, or a low-dose TCA, as all have efficacy for both diarrhoea and
pain, and alosetron and ramosetron have evidence of efficacy for urgency. Second-line
treatment would include switching to, or adding in, eluxadoline or an SNRI. There could also
be consideration given to addition of a brain-gut behavioural treatment.

For cluster 5, where constipation, abdominal pain, and bloating are the main
symptoms and the psychological burden is high, first-line treatment would be a choice of one
of the secretagogues, which all have efficacy for constipation, pain, and bloating. Second-line
options would include adding in an SNRI, as this is unlikely to worsen bowel habit, or
addition of a brain-gut behavioural treatment.

For cluster 6, where both overall gastrointestinal symptom severity and the
psychological burden are high, first-line therapy might include augmentation using more than

one gut-brain neuromodulator, but with consideration of multi-disciplinary level care from
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the outset, given the severity of symptoms. Second-line treatment would include addition of a
brain-gut behavioural treatment.

Lastly, for cluster 7, where constipation and bloating are the main symptoms,
abdominal pain is less of an issue, and the psychological burden is low, first-line treatment
would be a choice of a laxative or prucalopride, which both have efficacy for constipation
and may be less likely to need to be discontinued due to diarrhoea, even though the evidence
base for secretagogues for constipation and bloating in IBS-C is stronger. These could,

therefore, be held in reserve as a second-line option to switch to, or add in.

FUTURE DIRECTIONS

In this article, we propose a novel subgrouping system for IBS and review the
evidence for how it could be used to direct treatment. The clusters we describe are clinically
intuitive and make the best use of available treatment, or combination of treatments, at the
earliest possible opportunity with the aim of improving patient outcomes. This includes
brain-gut behavioural treatments, which are often positioned third-line in IBS guidelines. We
have demonstrated previously that these clusters exist in separate cohorts of people with IBS,
including those living in the community. The clusters appear to predict not only disease
burden but also outcomes during longitudinal follow-up. The clusters do fluctuate during
follow-up,(28) although most people in a cluster with a high psychological burden at baseline
will remain in one of the other clusters with a high psychological burden, even if their bowel
symptoms fluctuate. If an individual patient does change cluster, then the treatment approach
would then be that for the relevant new cluster. Nevertheless, further work is needed before
this approach can be adopted in routine clinical practice. Although other investigators have

demonstrated, using LCA, that people with IBS separate into clusters based on a combination
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of gastrointestinal and psychological symptoms,(23, 24, 26, 27) independent replication of
our clusters in other cohorts is required.

In addition, real-world studies demonstrating that efficacy of conventional treatment
strategies for IBS, such as using a secretagogue for constipation, or a 5-HT3 antagonist for
diarrhoea, is impacted by cluster would be helpful in confirming our hypothesis that the use
of drugs based on stool subtype alone is not the optimal approach to manage IBS. This is
already supported, to some extent, by the observation that only 30% to 40% of patients will
respond to a drug targeted at their predominant bowel habit in most RCTs conducted to
date.(79, 99)

Finally, future trials are required that recruit unselected patients with IBS and
randomise them to either conventional management, according to stool subtype, or a cluster-
based approach, with therapy selected according to the suggestions we provide in this article,
and where the impact on gastrointestinal symptoms, psychological symptoms, quality of life,
and costs is compared between the two. Even if this were to be unsuccessful, we believe a
new treatment paradigm for IBS is needed that is more inclusive, both in terms of allowing
access to clinical research and novel therapies, and that considers the multi-faceted nature of

the condition.
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FIGURE LEGENDS

Figure 1. Conventional Subtyping of Rome IV IBS.

Figure 2. Novel Classification System for IBS Using Latent Class Analysis.

Figure 3. Novel Subgrouping of Rome IV IBS by Incorporating the Seven-Cluster

Latent Class Model.

Figure 4. Novel Subgrouping of Rome IV IBS with Treatments Suggested According to

Cluster.
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