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Summary
Background: Irritable bowel syndrome (IBS) is a heterogeneous disorder of gut- brain 
interaction (DGBI) maintained by interacting biological, psychological, and social 
processes. Interestingly, there are two contrasting yet evidence- based treatment 
approaches for reducing IBS symptoms: exclusion diets such as those low in fer-
mentable oligo- , di- , monosaccharides and polyols (FODMAPs) and exposure- based 
cognitive- behavioural therapy (CBT). Exclusion diets recommend patients avoid 
foods thought to be symptom- inducing, whereas exposure- based CBT encourages 
patients to expose themselves to foods.
Aims: To address the paradox of conceptually opposite exclusion diets and exposure- 
based CBT for IBS.
Methods: In this conceptual review, we describe the rationale, practical implementa-
tion, evidence base and strengths and weaknesses of each treatment. We conducted 
up- to- date literature search concerning the low FODMAP diet and CBT, and per-
formed a secondary analysis of a previously conducted trial to illustrate a key point 
in our review.
Results: The low FODMAP diet has demonstrated efficacy, but problems with adher-
ence, nutritional compromise, and heightened gastrointestinal- specific anxiety raise 
caution. Exposure- based CBT has demonstrated efficacy with substantial evidence 
for gastrointestinal- specific anxiety as a key mechanism of action. Mediation analysis 
also showed that increased FODMAP intake mediated decreased symptom severity 
in exposure- based CBT. However, there is minimal evidence supporting which treat-
ment “works best for whom” and how these approaches could be best integrated.
Conclusions: Even though exclusion diets and exposure- based CBT are conceptually 
opposite, they each have proven efficacy. Clinicians should familiarise themselves 
with both treatments. Further research is needed on predictors, mechanisms and 
moderators of treatment outcomes.
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1  | INTRODUC TION

Irritable bowel syndrome (IBS) is a prevalent disorder of gut- brain 
interaction, formerly called functional gastrointestinal disorders, 
defined by recurrent abdominal pain associated with defaecation or 
change in bowel habits.1 Its aetiology and pathophysiology remain 
incompletely understood, but there is consensus that IBS symptoms 
result from complex interactions between biological, psychological 
and social processes, for which the microbiota- gut- brain axis con-
stitutes the mechanistic basis.2 Mechanisms shown to be involved 
in IBS are manifold, including but not limited to altered microbiota 
composition and function, low- grade inflammation, nutrient intol-
erances, visceral hypersensitivity, altered motility and dysfunction 
of the neural and neuroendocrine stress response systems. In addi-
tion, psychological processes including (symptom- specific) anxiety 
and heightened attention towards gastrointestinal sensations (i.e. 
hypervigilance) and social events (i.e. observational learning)3 may 
influence these biological processes. IBS is a heterogeneous condi-
tion, and the relative contribution of different pathophysiological 
mechanisms may vary widely between patients. In other words, dif-
ferent mechanisms along the microbiota- gut- brain axis may result in 
very similar phenotypical presentations at the symptom level.

This pathophysiological heterogeneity renders IBS treatment 
difficult. Various treatments including pre- , pro- , and antibiotics,4 
neuromodulators,5 exclusion diets6 and brain- gut behavioural thera-
pies5,7 all have proven some effectiveness, but the numbers needed 
to treat are relatively high (ranging from 3 to 9), indicating that a sub-
stantial number of patients do not benefit from these treatments. 
Curiously, two conceptually opposite treatments are both effica-
cious in IBS (Table 1). On the one hand, exclusion diets recommend 
that patients avoid foods that are thought to be symptom- inducing. 

On the other hand, exposure- based cognitive behavioural therapy 
(CBT) encourages patients to expose themselves to these foods with 
the aim of improving gastrointestinal symptom severity via a reduc-
tion in gastrointestinal- specific fear and anxiety. In this perspective 
paper, we analyse this paradox and its implications for the status of 
IBS as a disorder and its treatment. Before doing so, we first discuss 
both treatments in detail.

2  | METHODS

A literature search concerning the low FODMAP diet and CBT was 
performed. The search was conducted using PubMed with key-
words including ‘low FODMAP’ or ‘exclusion diet’, ‘cognitive behav-
iour therapy’ or ‘exposure therapy’ and ‘irritable bowel syndrome’ 
or ‘gastrointestinal symptoms’. Keywords were restricted to ‘Title/
Abstract’ and additional references were identified through bibli-
ographies of retrieved articles and author suggestions. A secondary 
analysis of a previously conducted trial8 was also conducted to il-
lustrate a key point in our review, demonstrating how food avoid-
ance data changed between two intervention groups of exposure 
therapy or stress management, and mediated symptom improve-
ment. Further detail for this analysis is provided in the CBT section.

3  | E XCLUSION DIETS FOR IBS

3.1 | What are exclusion diets?

In exclusion diets, patients are advised to exclude (hence, avoid) food 
items or nutrients that are thought to induce symptoms. This makes 

TA B L E  1   Similarities and differences between the approaches of exclusion- based diets versus exposure- based therapy for irritable bowel 
syndrome

Exclusion diets (low FODMAP diet) Exposure therapy (CBT)

Similarities Patient- practitioner 
relationship

Time spent between patient- practitioner in 
assessment, implementation and review 
appointments (minimum 2 hrs).

Time spent between patient- practitioner in 
assessment, implementation and monitoring 
(minimum 2 hrs).

Individualised Dietetic advice tailors to the individual's habitual diet, 
symptom severity and understanding of absorptive 
capacities and tolerance levels.

Exposure exercises are tailored to the individual 
to challenge the behaviours that are most 
debilitating and most likely to maintain the 
fear of IBS symptoms.

Differences Mechanisms Recommends patients to exclude (avoid) foods that are 
thought to be symptom- inducing through a reduction 
in osmotic activity and fermentation effects.

Recommends patients to expose themselves 
to foods with the aim of reducing 
gastrointestinal symptoms purportedly 
through a reduction in gastrointestinal- 
specific fear and anxiety.

Favourable patient 
characteristics

Good knowledge of food, and confidence in selecting 
and managing appropriate food choices in various 
environments.

Buy- in to the brain- gut regulation model (i.e. 
biopsychosocial illness beliefs), presence 
of avoidance behaviours, willingness and 
motivation to try a non- pharmacologic and 
non- dietary intervention.

Unfavourable patient 
characteristics

Long- term avoidance of foods that trigger symptoms and 
potential reluctance to reintroduce foods that may 
not even be implicated in symptoms; the presence of 
avoidant/restrictive food intake disorder.

The belief that CBT implies that IBS symptoms 
are “not real”, lack of trust in or motivation 
for CBT, and somatic/medical illness beliefs.
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sense theoretically in that avoiding food substances with properties 
that have been shown to augment water delivery and accumulate co-
lonic gas, can induce symptoms in IBS.9 There is also good empirical 
scientific evidence showing that exclusion diets reduce symptoms. 
Exclusion diets for the management of IBS have been previously 
developed following the principle that the fewer foods allowed in 
the diet, the greater the chance of success.10 Historically, the use of 
the exclusion diet is a regime that aims to identify food intolerance 
via steps of strict exclusion followed by a structured reintroduction 
program.10 Different types of exclusion diets have been studied and 
used as a dietary therapy for IBS including high- fibre, gluten- free, 
lactose- reduced, low fat and low fermentable diets.11

Exclusion diets have been growing in popularity in both the scien-
tific and popular literature. Given that most patients relate their IBS 
symptoms to foods they consume, exclusion diets have high credi-
bility and patient acceptability. Indeed, humans are programmed to 
avoid foods perceived to cause harm,12 and dietary exclusion is a 
commonly adopted self- management strategy in 70%– 89% of indi-
viduals with IBS,13 where the more severe the symptoms reported, 
the higher the number of foods excluded.14 In addition, the majority 
of patients report trialling dietary therapies and more than half will 
simultaneously use dietary manipulations.15

3.2 | The low FODMAP diet as the prototypical 
exclusion diet for IBS

Introduction of the FODMAP concept and rationale 
for the exclusion diet

Amongst the many dietary strategies investigated for IBS manage-
ment, a diet low in fermentable oligosaccharides, disaccharides, 
monosaccharides and polyols (FODMAPs) is the most commonly rec-
ommended by healthcare providers11 and there is strong evidence for 
its effectiveness. The FODMAP concept aims to reduce the intake of 
several short- chain carbohydrates commonly found in the diet, leading 
to reduced small intestinal water content and reduced microbial fer-
mentation in the colon, thereby limiting symptom induction in people 
with IBS.9 Achieving symptom reduction with reduced intake of high 
FODMAP foods is then indicative for further exclusion of those foods.

Rationale for the low FODMAP diet in IBS

In the low FODMAP diet, the dietary exclusion focuses on key ingre-
dients that are poorly absorbed and that have osmotic or fermenta-
tion effects purported to induce symptoms of IBS. Mechanistic studies 
demonstrate the FODMAPs increase small intestinal water content 
in ileostomy outputs16 and increase colonic gas shown via breath hy-
drogen levels,17 leading to increased gas, distention of the colon and 
causing flatulence, bloating and discomfort in IBS compared to healthy 
subjects.17 Induction of symptoms by FODMAPs is specific to IBS 
due to the heightened visceral hypersensitivity rather than increased 

intestinal gas production or water content, shown via bowel magnetic 
resonance imaging in IBS patients compared to healthy subjects.18 
Symptom onset occurs within 4 h of FODMAP intake17,18 and symp-
tom improvement occurs within days of starting a low FODMAP diet.19

Practical implementation of the three phases of the 
FODMAP exclusion diet

The practical implementation of the low FODMAP diet follows 
a three- phase dietary intervention involving (i) an exclusion (or 
“elimination”) phase, (ii) a re- introduction phase and (iii) a chal-
lenge (or ‘personalisation’) period.20 The initial exclusion phase in-
volves the restriction of FODMAPs for a recommended duration 
of 4 weeks. During this period, the goal in practice is to ascertain 
if FODMAP exclusion leads to any symptomatic relief (where the 
response is defined by patients self- reporting symptom improve-
ment), indicating whether to proceed with the FODMAP approach 
or not. The second phase focuses on the re- introduction of dietary 
FODMAPs. Challenge foods are consumed in increasing amounts 
over 3- day period whilst continuing with an overall low FODMAP 
intake. Challenges aim to identify individual FODMAP triggers and 
a personal threshold for FODMAP- containing foods. Lastly, after 
re- introduction (which can last 6– 10 weeks), the personalisation 
phase begins with the goal of consuming a varied diet inclusive of 
FODMAPs, but below the threshold to which symptoms arise.20,21 
All of these steps are performed with dietary counselling, under the 
guidance of a gastrointestinal experienced dietitian.

Evidence for the efficacy of the FODMAP 
exclusion diet

There is evidence for the efficacy of the low FODMAP diet based 
on several meta- analyses, showing it can significantly improve 
global IBS symptoms, abdominal pain, bloating and flatulence.6,22– 25 
The most recent meta- analysis found a low FODMAP diet was more 
efficacious than a habitual diet for reducing global symptoms (RR 
of 0.67; 95% CI 0.48 to 0.91) and was superior to alternative in-
terventions for abdominal bloating or distension (RR of 0.72; 95% 
CI 0.55 to 0.94) and abdominal pain severity (RR of 0.51; 95% CI 
0.30 to 0.87) using data from 13 RCTs.26 The alternative interven-
tions included the British Dietetic Association (BDA) or the National 
Institute for Health and Care Excellence (NICE) guidelines for peo-
ple with IBS as well as inactive control interventions such as sham 
dietary advice. The quality of evidence was considered low due to 
the risk of bias from lack of double- blinding and suboptimal adverse 
event reporting.26 According to the GRADE criteria, evidence for 
the efficacy of the low FODMAP diet has been considered moder-
ate.27 This is due to the inherent limitations of trial design includ-
ing blinding challenges and conduct of dietary intervention trials 
for disorders of gut- brain interaction in general28 that are further 
compounded in FODMAP research specifically due to the nature 
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of its whole diet delivery. Factors attributed as important to the 
efficacy across these RCTs include dietitian- delivered intervention 
and using relatively standardised FDA- recommended endpoints.26 
The RCTs implementing the low FODMAP diet have been mostly 
short term and conducted in secondary or tertiary care and have 
examined the exclusion phase only, or excluded subgroups of IBS, 
particularly IBS- C.

Moderate evidence for efficacy versus active 
control conditions

Assessing the efficacy of the low FODMAP diet is highly depend-
ent on the control intervention, where the evidence shows a 
clear advantage over high FODMAP diets29 and habitual or usual 
diets,19,30– 32 but less conclusive results when assessing the trials 
that use more appropriate active control diets individually, such 
as those based on dietary recommendations from the NICE33 and 
the BDA.34– 37 Interestingly, the most recent meta- analysis, that in-
cludes these studies shows the low FODMAP diet to be significantly 
more efficacious.26 Overall, the evidence supports recommending a 
low FODMAP diet in IBS26 and data demonstrates the low FODMAP 
diet to be effective in 50%– 80% of individuals with IBS.9 This has 
led to the diet being included in the NICE Guidelines for IBS man-
agement in primary care in the UK and recommended as second- line 
advice by the BDA Guidelines.38

Reduction in FODMAP intake correlates with 
symptom improvement

Improvement at the individual symptom level (e.g. abdominal pain, 
bloating, flatulence and diarrhoea) has been found to be weakly as-
sociated with adherence to the low FODMAP diet (r = −0.26).39 This 
was further emphasised in more recent association analyses from 
a Swedish RCT in 66 patients with IBS, which showed participants 
who adhered better to a 4- week low FODMAP diet (consumed 
lower FODMAP intake) had a larger symptom response (r = −0.30).40 
Together, these findings highlight that adherence may predict symp-
tom improvement, albeit only weakly.

3.3 | Limitations and pitfalls of the low FODMAP 
exclusion diet

Instructing patients to exclude a broad range of purportedly 
symptom- provoking (but often otherwise healthy) foods can be 
challenging for them in several ways. Below, we detail three key 
limitations/pitfalls of the low FODMAP exclusion diet— adherence, 
nutritional compromise, and in some cases, heightened fear and 
anxiety around gastrointestinal symptoms leading to greater, gen-
eralised, and potentially problematic food avoidance. Due to these 

three pitfalls, a subset of patients may develop a level of food 
avoidance/restriction that crosses the threshold into avoidant/re-
strictive food intake disorder due to resulting medical and/or func-
tioning impairments.41 In fact, recent data suggest that the history 
of trying an exclusion diet like the low FODMAP diet is associated 
with a three times greater likelihood of having avoidant/restrictive 
food intake disorder symptoms in a broad range of DGBI.42

Challenges to adherence

Although the literature consistently shows adherence to the low FODMAP 
diet to be good,40 patients often describe difficulty in following the diet, 
particularly when eating away from home due to finding the diet to be 
restrictive, expensive, time- consuming or difficult to purchase.43 Factors 
associated with efficacy and adherence include dietitian consultation 
and education materials.39 Patient self- initiation of dietary management 
is common and whilst gastroenterology providers may feel comfortable 
prescribing the low FODMAP diet,11 patients may have difficulty with im-
plementation without close guidance (e.g. without a dietitian).44

Over one- third of patients follow the first exclusion phase for lon-
ger than recommended and only 40% move on to the later phases.15 
It has been suggested that the re- introduction is difficult due to the 
patient's fear of symptom recurrence. Overall, there is limited data 
on the re- introduction and personalisation phases of the diet outside 
of prospective and retrospective real- world cohorts. Similarly, high- 
quality studies regarding the long- term effects of the low FODMAP 
diet are lacking. Given that 80% of patients report still excluding par-
ticular FODMAP- rich foods (median of 24 months following dietitian- 
led education) for longer term maintenance of symptom control,45 
there is a potential concern for detrimental effects on their micro-
biota profiles.9 However, Bifidobacteria abundance may normalise 
after 12 months of FODMAP personalisation,46 demonstrating the 
importance of the re- introduction and personalisation phases.

Nutritional compromise

Due to the restrictive nature of the elimination phase of the low 
FODMAP diet, some patients may be at risk of nutritional inadequa-
cies, particularly in the non- dietitian- led dietary implementation and 
compounding the IBS individuals who already fail to meet national 
nutrient recommendations.47 Previous studies have reported lower 
carbohydrate, lower energy and lower calcium intakes in individuals 
following a low FODMAP diet compared with habitual diets, however, 
these nutrients, as well as overall nutrient intake and measures of diet 
diversity, were not significantly impacted when delivered by a special-
ist dietitian.47 Overall scores for diet quality have been shown to be 
lower after 4- weeks of following low FODMAP advice,47 and a case- 
series study showed over half of the patients reported using concur-
rent dietary strategies (‘diet- stacking’),15 highlighting concerns for an 
over- restrictive diet and further compromising nutritional adequacy.
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Reduced food- related quality of life

The use of exclusion diets has been associated with reduced food- 
related quality of life in IBS48 and high dietary avoidance has been 
associated with both poorer IBS- related quality of life and poorer 
nutrient intake.49 In fact, greater dietary restriction with quality of 
life impairments may be indicative of disordered eating in line with 
avoidant/restrictive food intake disorder.50

Gastrointestinal- specific anxiety and risk for avoidant/
restrictive food intake disorder

Food avoidance/dietary restriction in some patients may heighten 
food- related fears and paradoxically perpetuate IBS symptom mainte-
nance via increased anxiety around IBS symptoms (i.e. gastrointestinal- 
specific anxiety). The low FODMAP exclusion diet explicitly instructs 
patients to avoid foods to attempt the absence of gastrointestinal 
symptoms, and there is evidence that the opportunity to avoid in-
creases fear levels when avoidance is not possible.51 Although the 
elimination phase of the low FODMAP diet is intended to be short- 
term, patients may struggle to re- introduce foods post- elimination 
because of the increased threat value of certain ‘forbidden’ foods. 
Indeed, real- world evaluation (via case series) has shown compliance is 
poor in the re- introduction phase and even less in the personalisation 
phase, especially without dietitian guidance.15 For example, whilst re- 
introducing FODMAP foods, patients may pay heightened attention 
to gastrointestinal symptoms and as soon as they notice a symptom, 
interpret the food they consumed to have caused the symptom. Whilst 
this reaction can be normal in some cases where patients identify a 
handful of foods to avoid in the long- term, some patients may become 
conditioned to ascribe any symptom change to foods, even gener-
alised beyond high FODMAP foods. The conditioned fear learning 
process that can occur aligns with the Fear- Avoidance model of pain, 
through which avoidance of a stimulus (e.g. food) for the purposes of 
avoiding an aversive outcome (pain or other symptoms) heightens fear 
of that stimulus.52 That is, avoidance of foods perceived to be associ-
ated with GI symptoms increases fear of certain foods.

As a result of this conditioned fear learning, there is grow-
ing awareness and concern that the low FODMAP diet may put a 
subset of patients at risk for developing food avoidance/dietary 
restriction at the level of avoidant/restrictive food intake disor-
der.41,50,53– 57 Avoidant/restrictive food intake disorder is classified 
in the Diagnostic and Statistical Manual of Mental Disorders, fifth 
edition (DSM- 5) as a feeding and eating disorder characterised by 
restricted food volume and/or variety that leads to medical (e.g. nu-
tritional deficiency, weight loss) and/or psychosocial impairments 
(e.g. social eating avoidance).58 Food avoidance/restriction in avoid-
ant/restrictive food intake disorder is not motivated by body image 
disturbance seen in other restrictive feeding/eating disorders (e.g. as 
in anorexia nervosa); instead, patients with avoidant/restrictive food 
intake disorder describe motivations of one or multiple prototypical 
presentations— sensory sensitivity (e.g. taste, smell, texture), lack of 

interest in eating/low appetite (e.g. forgetting to eat, high satiety), 
and fear of aversive consequences (e.g. of diarrhoea, pain, constipa-
tion).58,59 Cross- sectional data shows that between 13 and 40% of 
paediatric and adult patients with disorders of gut- brain interaction 
have avoidant/restrictive food intake disorder symptoms,60– 63 with 
avoidant/restrictive food intake disorder in close to 50% of those 
with IBS.64 Across studies, the most frequent food avoidant/restric-
tive presentation has been fear of aversive consequences, specifi-
cally fear of gastrointestinal symptoms.60,62– 64

Although further longitudinal research is needed to identify pre-
dictors of the development of avoidant/restrictive food intake disor-
der, the presence of avoidant/restrictive symptoms amongst patients 
with IBS is of crucial importance for treatment decision- making. 
Specifically, the treatment of avoidant/restrictive food intake disor-
der is diametrically opposed to that of the low FODMAP diet. Food 
avoidance/restriction is treated with CBT during which purposeful and 
repeated exposure to food volume and a variety of challenges condi-
tioned learning around food.65 In the case of the avoidant/restrictive 
food intake disorder fear of aversive consequences presentation, the 
mechanism of change through which exposure purportedly works is 
via a violation of expected negative outcomes such as gastrointes-
tinal symptoms.65 Whilst exclusion diets recommend patients avoid 
foods that are thought to be symptom- inducing, exposure- based 
CBT advises patients to expose themselves to these foods. Exposure- 
based CBT is in fact an evidence- based treatment for IBS, outside 
the context of avoidant/restrictive food intake disorder, and there 
is growing research indicating decreases in gastrointestinal- specific 
anxiety is the core mechanism of change.

4  | E XPOSURE-  BA SED COGNITIVE 
BEHAVIOUR AL THER APY FOR IBS

4.1 | What is exposure- based CBT?

Cognitive behavioural therapies (CBTs) include a myriad of tech-
niques that target interactions between cognitions, emotions, and 
behaviours. Not all CBTs include the same techniques (i.e. the “in-
gredients”) because the ingredients that aim for symptom change 
can be different. Exposure- based CBT focuses on behavioural 
techniques that promote exposure to stimuli that are feared and/or 
avoided in order to create an expectancy violation, usually followed 
by more approach behaviour and fear reduction. A recommended 
application of exposure- based CBT is for specific phobias (e.g. spider 
phobia), and exposure- based techniques are viewed as the treat-
ment of choice for anxiety disorders.66

4.2 | Exposure- based CBT for IBS

CBTs for IBS have included different CBT techniques with vary-
ing emphasis. CBTs that purport general stress as the targeted IBS 
maintenance mechanism have included relaxation training (e.g., 
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diaphragmatic breathing)67 and traditional cognitive techniques (e.g. 
cognitive restructuring).68 However, heightened stress is not always 
a predictor of IBS symptoms69 and there is limited evidence that 
targeting stress improves IBS symptoms (for a more extensive dis-
cussion, see Ljótsson et. al).69 Additionally, stress- targeted CBTs for 
IBS do not explicitly address food avoidance. Instead, CBTs that pur-
port gastrointestinal- specific anxiety as the targeted IBS symptom 
maintenance mechanism use exposure- based techniques and have 
demonstrated that a decrease in gastrointestinal- specific anxiety 
mediates treatment effects on the symptom.69– 71 Exposure- based 
CBT for IBS has patients conduct planned experiments to approach 
a food- related stimulus expected to provoke IBS symptoms. Below, 
we describe gastrointestinal- specific anxiety's role in the mainte-
nance of IBS and outline the rationale and evidence for exposure- 
based CBT in IBS.

Gastrointestinal- specific anxiety as a maintenance 
mechanism in IBS

Gastrointestinal- specific anxiety, defined as food- related concerns, 
fear of symptoms and excessive behavioural avoidance,72 has been 
identified as the primary variable mediating the relations between 
risk factors (e.g. general trait anxiety) and IBS symptoms severity.73 
Moreover, gastrointestinal- specific anxiety has been shown to be as-
sociated with increased IBS symptoms in cross- sectional studies74,75 
and a longitudinal study with a 5- year follow- up.76 Mayer et al. sug-
gested that aversive experiences in IBS can over time produce a 
learned association between visceral pain and food- related stimuli, 
resulting in fear of those stimuli.77 Negative expectancies increase 
the likelihood of IBS symptoms. In addition, the psychophysiological 
arousal associated with fear also induces altered motility, which can 
further exacerbate IBS symptoms.77,78 A natural response to threat-
ening stimuli is avoidance. However, avoidance precludes learning 
that the stimuli are actually not dangerous.79 To illustrate, a patient 
with IBS experiences abdominal pain after drinking milk, which leads 
to an association between milk and pain, resulting in the avoidance 
of drinking milk. If they would try that food again, the learned fear 
response can lead to both altered gastrointestinal motility and in-
creased visceral sensations, meaning that the patient experiences 
pain again, but not only because of the effect of the food itself on 
the digestive system. As a result, the patient starts to avoid this food, 
which perpetuates the fear of the food, and the fear may even gener-
alise to other foods. In the long term, avoidance may in itself lead to 
heightened fear of gastrointestinal sensations, thereby perpetuating 
gut- brain dysregulation in IBS.

Rationale for exposure- based CBT in IBS

Exposure- based CBT involves approaching previously avoided 
stimuli in order to create an expectancy violation, namely that the 
catastrophic outcome does not occur. Such a surprise experience 

generates a new association ‘food –  no pain’ that competes with the 
existing one and can inhibit it.66 In exposure- based CBT for IBS, re-
peated exposure to stimuli that are perceived to provoke symptoms 
reduces: (1) avoidance of the stimuli, (2) fear of those stimuli and (3) 
worry and concerns about the symptoms. Decreases in these mech-
anisms in turn produce a decrease in IBS symptoms.

Practical implementation of exposure therapy for IBS

Exposure- based CBT techniques have patients expose themselves to 
stimuli believed to provoke symptoms. With some stimuli, the goal is 
for patients to either experience that the likelihood of symptoms actu-
ally happening is low or to learn that even if symptoms occur, they are 
able to function despite having symptoms. This latter learning expe-
rience is arguably the most realistic, as experiencing some degree of 
gastrointestinal distress is to be expected when initially re- introducing 
some foods that had been removed from the patient's diet. Exposure- 
based CBT techniques for IBS have been included in various protocols80 
and various formats including guided self- help with therapist email 
support,8,81– 84 mobile self- help85 and in- person formats.66,86 Whilst 
several studies have included exposure as one of several components 
of the treatment, one of the authors (BL) has led a series of studies of a 
10- week CBT delivered over the internet that primarily focuses on ex-
posure for IBS in adults.8,82– 84 Below, we briefly describe the protocol.

The protocol focuses on behavioural exposure but first uses 
brief training to promote awareness of feared stimuli and one's cog-
nitive and behavioural reactions to these stimuli. Awareness training 
is also intended to promote engagement in behavioural exposure 
through acceptance of symptoms and cognitive/emotional reactions 
to symptoms. Before the behavioural exposure starts, patients cre-
ate a list of avoidance behaviours to facilitate planning exposure ex-
ercises. Exposure exercises are tailored to address the behavioural 
pattern of each individual patient. Common examples of exposure 
exercises are the extended time between toilet visits, going by public 
transport, physical exercise and provoking symptoms before attend-
ing a dinner or social event. The exposure exercises will for most 
patients include eating certain foods that are perceived by them to 
provoke symptoms. Patients may even expose themselves to foods 
that they will not necessarily want to have in their diet in the longer 
term, to facilitate decreasing fear and anxiety around IBS symptoms.

Evidence for exposure- based CBT in improving 
IBS outcomes

Exposure- based CBT for IBS has demonstrated efficacy in improving 
IBS symptoms and associated quality of life, but it is still a growing 
area of research. A meta- analysis on the comparative effectiveness 
concluded that CBT had the largest effect on improving IBS- related 
quality of life, noting that the inclusion of exposure- based tech-
niques may be responsible for this finding.87 In addition, the above 
internet- delivered protocol in one study had the largest effect size 
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of 41 behavioural health treatment studies for improving symptom 
severity.87,88 The exposure- based protocol has shown large effects 
compared to waitlist control in improving IBS symptoms (Cohen's 
d = 0.75– 1.21) and IBS- related quality of life (d = 0.82– 0.93).82,83 The 
protocol has also shown small effects in improving IBS symptoms 
(d = 0.38) and IBS- related quality of life (d = 0.26) compared to stress 
management.84 A dismantling study demonstrated that the exposure 
component was necessary to achieve large treatment effects (incre-
mental effect d = 0.47).8 Further analyses that took treatment adher-
ence status into account showed a much larger difference between 
those who received the exposure component and those who did not 
(incremental d = 0.81), further supporting the claim that increased 
repeated exposure improves IBS symptom severity.89 Although other 
meta- analyses have reported inconclusive effects of CBT on IBS 
symptoms,5,90,91 they did not compare the effects of different types 
of CBTs for IBS (e.g. those with versus those without exposure- based 
techniques). It should be noted that whilst we do not yet have evi-
dence comparing internet- delivered to provider- delivered exposure 
CBT in IBS, there is increasing evidence in other conditions (e.g. anxi-
ety) that internet- delivered CBT overall shows similar effects.92

Evidence for exposure- based CBT 
mechanisms of action

What are the mechanisms through which CBT works?93 In 
exposure- based CBT for IBS, the ingredient of behavioural ex-
posure concerns the decrease of gastrointestinal- specific anxi-
ety, via which IBS symptoms decrease. Three studies have shown 
that change in gastrointestinal- specific anxiety indeed mediated 
treatment outcomes.69– 71 Specifically for the internet- delivered 
exposure- based CBT protocol described above, decreases in both 
gastrointestinal- specific anxiety69,71 and avoidance behaviors71 
mediated the difference in change in IBS severity in those who re-
ceived exposure- based CBT compared to control groups, whereas 
reduced stress did not mediate treatment effects.69 Furthermore, 

highlighting the focus of the exposure therapy on avoidance and 
control behaviour, a moderation analysis showed that exposure- 
based CBT is more effective in terms of symptom improvement 
for individuals who have greater avoidance at the beginning of 
treatment.94

The effect of exposure- based CBT on 
FODMAP avoidance

Specifically for the present article, we performed a secondary 
analysis on food avoidance based on data collected in the online 
RCT that compared exposure- based CBT therapy to stress manage-
ment.84 In that trial, 98 patients received exposure therapy that 
encouraged them to try all types of food that they thought could 
trigger IBS symptoms, and 97 patients received stress management 
that included advice on identifying symptoms triggering food and 
reducing or avoiding intake of that food. Both these interventions 
were delivered online and included written therapist support on 
a regular basis. Before and after treatment, patients completed a 
questionnaire where they indicated how often they avoided specific 
foods because of their IBS (on a 0 = never avoid to 3 = always avoid 
scale). Twenty of the food items were identified by the first author 
(JB) as high FODMAP foods and were included in the analysis. We 
first investigated if food avoidance changed in the two intervention 
groups (exposure vs. stress management). In the second analysis, 
we investigated if the post- treatment food avoidance status medi-
ated the difference between the groups in post- treatment symptom 
severity, measured by the GSRS- IBS.95,96 In the mediation analysis, 
we calculated the ab product, i.e. the mediated effect, with a boot-
strapped 95% confidence interval (CI; based on 5000 replications) 
as proposed by Preacher and Hayes (2004).97 The ab/c proportion 
was also calculated, i.e. how much of the effect of the exposure 
treatment (vs stress management) on IBS symptom severity was ac-
counted for by the difference in food avoidance between the inter-
vention groups.98

F I G U R E  1   Pre-  and post- treatment 
values of FODMAP avoidance in the 
online randomised controlled trial of 
exposure therapy vs. stress management 
for IBS. The exposure therapy arm 
(n = 98) involved completing exposures 
to foods and situations that patients 
feared provoked IBS symptoms. The 
stress management arm (n = 97) involved 
advice on identifying symptoms triggering 
food and reducing or avoiding intake of 
that food. The shaded areas show the 
distribution of values, and the dots show 
individual scores. Lines show average 
scores with 95% confidence intervals.
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Post- treatment FODMAP avoidance data were available for 85 
(87%) of 98 patients in the exposure group and 81 (84%) of 97 
patients in the stress management groups. Linear mixed models 
identified a significant difference (p < 0.001) in how food avoid-
ance changed in the two groups during treatment (Figure 1). In line 
with the treatment rationales, the exposure group decreased their 
FODMAP avoidance (p < 0.001), whilst an increase was observed 
in the stress management group (p = 0.013). In the mediation 
analysis, the mediated effect was ab = −2.90, bootstrapped 95% 
CI [−5.08, −1.22], i.e. the ab product was statistically significant, 
which indicates that the effect of treatment on symptom severity 
was mediated by change in food avoidance. The direct effect of 
treatment allocation was c = −4.83 points on the GSRS- IBS, mean-
ing that −2.90/−4.83 = 60% of the difference in symptom severity 
between exposure treatment and stress management was ac-
counted for by the difference in food avoidance. The remaining ef-
fect after controlling for the mediator (usually denoted c’, c- prime) 
was −1.79, 95% CI [−5.60, 2.02], i.e., the remaining effect of treat-
ment allocation not explained by reduced FODMAP avoidance was 
not significant. Figure 2 shows a path diagram of the mediation 
analysis.

These results indicate that the paradox that two opposite 
treatments work for the same disorder is not only conceptual 
but also exists at the level of mediating mechanisms. That is, the 
increase in FODMAP intake mediated the decrease in IBS symp-
toms after exposure- based CBT, whilst the decrease in FODMAP 
intake (supposedly) mediated the decrease in symptoms after the 
low FODMAP diet. Specifically, a decrease in FODMAP avoidance 
partly explains why exposure- based CBT led to a larger improve-
ment in IBS symptoms versus stress management. This indicates 
that decreases in FODMAP avoidance (i.e. increased dietary expo-
sure to FODMAPs) is a key mechanism that exposure- based CBT 
engages to produce IBS symptom improvement. Thus, in exposure 
therapy, increasing high FODMAP foods actually improves IBS 
symptoms.

4.3 | Limitations and pitfalls of exposure- based CBT 
for IBS

There are also limitations to the current application of exposure- based 
CBT for IBS. First, not all patients with IBS report gastrointestinal- 
specific anxiety and associated avoidance behaviour— for these 
patients, behavioural therapy that focuses on improving symptom 
management or a dietary approach could be more appropriate. 
We also do not know of those with IBS who meet the criteria for 
ARFID, for whom exposure- based CBT for IBS is sufficient, or for 
whom more specialised CBT focused on ARFID is needed (e.g. for 
patients who need to gain weight). Second, not all patients may find 
exposure- based CBT acceptable, as exposure may lead to a tempo-
rary increase in symptom load and both therapists and patients need 
to be prepared for this. If this effect is unexpected or unwanted, it 
might lead to the early termination of a treatment that could poten-
tially be beneficial. Third, we do not yet know which “ingredients” 
are needed in exposure- based CBT; for example, some protocols 
have combined exposure with other CBT techniques (e.g. cognitive 
restructuring, awareness training), which may not be necessary or 
may not be necessary for all patients.

5  | THE PAR ADOX OF CONCEPTUALLY 
OPPOSITE YET EFFICACIOUS TREATMENTS— 
WHAT DOES IT TELL US ABOUT IBS AND ITS 
TREATMENT?

5.1 | IBS as a pathophysiologically heterogeneous 
syndrome

One way to reconcile the paradox is to acknowledge IBS (in its cur-
rent symptom- based definition) as a pathophysiologically heteroge-
neous syndrome. Please note that we use pathophysiology in the 
broad sense here, including psycho(physio)logical mechanisms, in 
line with IBS conceptualisation as a disorder of gut- brain interac-
tion. This may indeed explain why conceptually opposite treatments 
have proven efficacy in the same disorder: they may both work ‘on 
average’ (i.e. at the group level in clinical trials) because they work 
for pathophysiologically different subgroups of patients. The rela-
tively high NNTs for these treatments (and IBS treatments in general) 
are in line with such interpretation in that every study will contain 
subgroups of patients with underlying pathophysiology that is not 
being targeted by the treatment under study, for whom the treat-
ment consequently will not work. Indeed, patients are usually re-
cruited based on symptom- based diagnostic criteria only, rather than 
pathophysiological mechanisms. That said, it is also conceivable that 
patient samples in different treatment studies differ because of se-
lection bias. For example, a dietary trial may attract more patients 
for whom nutritional factors and (perceived) intolerances may play 
a more prominent role. Conversely, an (exposure- based) CBT study 
may primarily recruit patients for whom (symptom- specific) anxiety 
is a major pathophysiological factor, even though both trials recruit 

F I G U R E  2   Path diagram of mediation analysis for post- 
treatment FODMAP avoidance data comparing exposure therapy 
to stress management. Estimates are given with 95% confidence 
intervals in brackets. A- path = effect of treatment allocation on 
FODMAP avoidance. B- path = effect of FODMAP avoidance on 
symptom severity. Ab- path = Total mediated (indirect) effect. 
C- path = direct treatment effect (not controlling for FODMAP 
avoidance) on symptom severity. C’- path = remaining treatment 
effect on symptom severity when controlling for the mediator 
(FODMAP avoidance).
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based on Rome IV diagnostic criteria. This is highly relevant in ex-
plaining the proven efficacy of the conceptually different treatments 
especially since patient preferences and beliefs about the nature of 
their disorder and, hence, about the rationale and effectiveness of 
the treatment for it shape expectations about treatment success, 
which is an important predictor of its actual success especially when 
outcomes are symptoms as is the case for IBS.99,100 Consequently, 
trying to establish the superiority of one treatment over the other 
for IBS as a whole may not be the highest priority in head- to- head 
trials, but focusing on differential predictors, whether clinical, psy-
chological or physiological, of treatment success may be more impor-
tant to tailor treatment optimally to each individual patient.101 This is 
especially the case as treatment selection is currently often done on 
a trial- and- error basis, or in a rigid serial fashion according to guide-
lines (see below), to the frustration of patients and clinicians alike.

5.2 | What works for whom?

Unfortunately, research on such predictors, in other words on the 
question ‘what works for whom’, remains relatively scarce in IBS, and 
should, therefore, figure prominently on the future research agenda 
on IBS treatments. Although faecal microbiota profiles102 and meth-
ane and fatty acid metabolism pathways103 of patients with IBS may 
be predictive of low FODMAP diet efficacy, there is minimal research 
into clinical predictors of responsiveness. As mentioned above, it has 
recently been shown that exposure- based CBT works better for sub-
jects with higher levels of avoidance prior to treatment.94 However, 
more research into this important question is clearly needed. For 
example, whilst we show that decreased food avoidance mediates 
exposure- based CBT outcomes, the presence of avoidant/restrictive 
food intake disorder has not yet been examined as a predictor (i.e. 
moderator) of treatment outcomes for exposure- based CBT. It is con-
ceivable that in addition to treatment- specific predictors of success 
(e.g., a higher degree of avoidance behaviour for exposure- based 
CBT, lower levels of trait anxiety and anxiety sensitivity for more 
cognitively oriented CBT versus education),104 general predictors of 

success across treatments may also exist. Patient beliefs and expec-
tations may constitute such an important general predictor, which 
would imply that taking them into account when allocating patients 
to a certain treatment could improve success rates, in addition to 
specific interventions to boost patients' treatment expectations re-
gardless of which treatment they undergo.100,105

Aligned with precision medicine efforts, growing research is investi-
gating profiles of patient presentations to inform treatment recommen-
dations. For example, a recent investigation identified seven profiles 
for IBS integrating both IBS symptom severity and psychological bur-
den.106,107 Future research should investigate how such profiles may 
differentially predict outcomes in dietary and behavioural treatments.

Outcome studies adopting a single- case experimental design 
may be helpful in testing the efficacy of treatments in single persons 
considering their idiosyncratic characteristics. These are designs in 
which a single entity (the individual) is observed repeatedly during 
a certain period under different levels of at least one manipulated 
variable (the treatment). Given their flexibility, their low cost and 
their focus on outcomes on the level of the individual, single- case 
experimental designs have become increasingly popular in the be-
havioural and medical sciences.108,109 Single- case experimental de-
signs are preferable to more conventional group- based RCTs, when 
the magnitude of the effect within an individual is more relevant than 
the average effect across a group of individuals.110,111 Additionally, 
meta- analytic procedures can be used for the aggregation of rep-
licated single- case experiments, which provides decision- making 
opportunities at both the individual and the population level.112 Our 
suggestions for a future research agenda are outlined in Table 2.

5.3 | Clinical implications

Since both treatments discussed in this paper, even though they are 
conceptually opposite (Table 1), have proven efficacy, we believe 
clinicians working with IBS patients, regardless of their special-
ity/background, should know both treatments with their pros and 
cons. This should also allow them to combine elements from both 

TA B L E  2   Future research agenda for exclusion diets and exposure- based therapy for irritable bowel syndrome

Research questions to be answered How this might be achieved

What is the efficacy of the two 
treatments in single individuals?

Single- case experimental design where an individual is repeatedly observed whilst undertaking 
different treatments.

What are predictors (i.e. moderators) 
of treatment response?

Clinical trials assessing likely common (e.g. [outcome] expectancy and beliefs) as well as treatment- 
specific (e.g. microbiota for low FODMAP diet, severity of GI- specific avoidance behaviours) 
predictors of response.

Can predictors of response be used to 
improve the choice of treatment 
and therefore response?

Randomised controlled trial 2x2 design where patients are allocated to different treatments most/
least suited.

What are likely mechanisms of 
treatment effect?

Clinical trials measuring mediators (e.g. FODMAP intake as a common mediator, GI- specific anxiety as 
a differential mediator) and outcomes at regular intervals during the treatment phase.

Does treatment augmentation and/or 
integration improve response?

Clinical trials evaluating incorporation of low FODMAP diet and CBT (e.g. incorporating exposure- 
based therapy education and principles more directly into dietary management practices for 
exclusion diets).
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treatments where needed. For example, knowledge of the ration-
ale and theoretical foundation of exposure- based CBT highlights 
the importance of the reintroduction and personalisation phases 
of the low FODMAP diet to prevent the development of ARFID 
or other overly restrictive eating behaviours as well as nutritional 
deficiencies. Individuals reporting high gastrointestinal- specific 
anxiety/avoidance and/or weight loss due to gastrointestinal 
symptoms may be considered for exposure- based CBT over the 
low FODMAP diet, or for modified dietary exclusion approaches. 
Moreover, knowledge of exposure- based techniques could be 
used by the dietician to help patients overcome excessive fear of 
re- emerging symptoms during reintroduction. Conversely, knowl-
edge of the exclusion diet literature may help the CBT therapist 
when meeting resistance towards exposure- based CBT, or when 
confronted with exposure to certain foods leading to uncontrol-
lable symptoms early in treatment.

However, integrating elements of both treatments and tailor-
ing treatment to the individual patient is not without challenges. 
Accessibility of both dietitians and psychologists specialised in this mat-
ter will not always be available, but we believe it is key, not only to be 
able to offer both treatments to patients and/or integrate them but also 
to perform dietetic and psychological assessments prior to assigning a 
patient to one of the treatments. In practice, dietary interventions are 
typically more easily accessible from gastroenterology clinics and are 
also positioned earlier in typical treatment guidelines compared to brain- 
gut behavioural therapy, which often causes them to be attempted first, 
without taking individual patient characteristics into account. We be-
lieve a more individually tailored treatment approach is warranted, es-
pecially as the problems with access to brain- gut behavioural therapies 
can be largely overcome by implementing internet- based approaches, 
which have proven efficacy as evident from our review.

6  | CONCLUSION

The paradox of two conceptually opposite yet efficacious treat-
ments for IBS, the FODMAP exclusion diet (promoting avoidance) 
and exposure- based CBT (reducing avoidance) highlight the patho-
physiologically heterogeneous nature of IBS as a symptom- based 
disorder as well as a potential role of non- specific factors such as 
treatment beliefs and expectations in determining treatment effi-
cacy. This paradox can hence be resolved by performing research on 
differential predictors for response to each of these treatments, (e.g. 
by applying single- case experimental designs), which should lead 
to better individual tailoring of treatment options for IBS patients. 
Clinicians should be aware of both treatment options including their 
pros and cons, as integrating elements from both treatments may 
lead to better patient care by avoiding some of the pitfalls and limita-
tions of each individual treatment modality.
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