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/Abstract

A group of fermentable oligo-, di-, mono-saccharides and polyols (FODMAPs) found in many dietary components,
including grains, vegetables and fruit can precipitate or exacerbate symptoms of irritable bowel syndrome. High-quality
evidence, including prospective studies and randomised controlled trials from a variety of countries supports the effi-
cacy of a diet low in FODMAP intake for reducing gastrointestinal symptoms in irritable bowel syndrome. More recent
evidence has focused on identifying and understanding predictors of response and how to individualise the diet. As with
any restrictive diet, implementation should be undertaken under the guidance of a health care professional to ensure nu-
\tritional adequacy and that the re-introduction process is undertaken. J
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Introduction

The low Fermentable Oligo-, Di-, and Monosaccharide and
Polyol (FODMAP) diet is a therapeutic approach for patients with
Irritable Bowel Syndrome (IBS) [1]. There is considerable research
supporting the concept and principles of the low FODMAP diet,
however as with any restrictive diets, it must be implemented with
care. Although the efficacy of the diet has been supported by re-
search from across the world, there remain unanswered questions
and areas of controversy in the application of the low FODMAP
diet. This review will focus on some of the recent developments
in the low FODMAP approach and will highlight the gaps in our
knowledge.

Dietary Triggers in IBS

IBS is defined by the Rome IV criteria as recurrent abdomi-
nal pain associated with defecation or a change in bowel habits
[2]. Despite the high prevalence (10% to 25% globally) [3], IBS
pathophysiology remains incompletely understood, but is thought
to be heterogeneous and multifactorial. Known pathophysiologi-
cal abnormalities include visceral hypersensitivity, abnormal gas-
trointestinal (GI) motility, altered permeability, inflammation and
altered gut-brain interactions. Additionally, meal challenge tests
consistently show that nutrients exacerbate symptom severity in

IBS [4]. The majority of IBS patients report that their symptoms
are triggered after food intake [5,6]. Most commonly reported di-
etary triggers are wheat products, caffeine, dairy products, cab-
bage, onions, peas, beans and hot spices [7,8]. Several studies have
shown that putting patients on a restricted diet or on fasting thera-
py improved the majority of their symptoms [8-10]. Consequently,
changes in food choice have become a well-accepted method to
suppress symptoms in IBS patients [11]. Over the last few years,
a diet low in FODMAPs has been established as an efficacious
management strategy for IBS patients [12]. FODMAPs are poorly
absorbed dietary short-chain carbohydrates, including fructose
(when present in excess of glucose), lactose, fructo-oligosaccha-
rides, galacto-oligosaccharides, sorbitol and mannitol [13].A re-
cent meta-analysis supported the efficacy of the low FODMAP
diet in the treatment of overall GI symptoms in adult patients with
IBS to range from 50% to 86%. This analysis included randomised
blinded controlled feeding trials from several different countries
[14].

FODMAP New and Future Evidence

Physiology

Since 2005, when the first data was published suggesting the
low FODMAP diet approach [15], the evidence for the mechanism
of action of FODMAPs has focussed mainly on two principals.
Firstly, because they are poorly absorbed and due to their osmotic
effects in the small intestine, ingestion of FODMAPs leads to an
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increased luminal water load [16]. Secondly, rapid fermentation of
FODMAPs by the colonic microflora increases the release of gases
[17]. Both mechanisms can lead to luminal distention, which can
translate into typical IBS symptoms such as bloating and abdomi-
nal pain. The exact mechanism of how intestinal distention trig-
gers symptoms is not completely elucidated yet, but most likely, it
stimulates mechanoreceptors present in the intestinal wall, leading
to reflex responses, and effects on GI motility [18].

Recent work has contributed to our understanding of the
different FODMAPs and their inequality in terms of their impact
on GI physiology. A magnetic resonance imaging study of healthy
controls and IBS patients showed that the response of the small
bowel (increased osmotic effects) and large bowel (increased gas
volume) to fructose and inulin was similar in both groups [19].
However, IBS patients reported increased GI symptoms compared
to the healthy controls, indicating that rather than excessive gas
production after FODMAP infusion, an increased hypersensitivity
to normal FODMAP-induced gas production and/or osmotic activ-
ity, may contribute to the FODMAP-related symptoms in IBS.

Further understanding the different effects of the individual
FODMAPs on symptoms is also required, as all FODMAPs are
not equal in terms of their impact on GI physiology [20]. Much
of the FODMAP mechanistic understanding has focussed on the
effects of either fructans or fructose on colonic fermentation and
bowel distension. the sugar polyols are a group within the FOD-
MAPs that have received scant attention. Sorbitol and mannitol are
known to induce GI symptoms in patients with IBS, independently
of their absorptive patterns [21]. However, there is little to no evi-
dence on the other polyols including xylitol and erythritol outside
their effects on metabolism, appetite and food intake regulation,
and preventive effects in human dental caries [22].

Upper GI

The acute effects of FODMAPs on upper GI motility have
only recently been investigated. An intragastric administration of
different FODMAPs (fructans, fructose) lead to a rapid onset of GI
symptoms (within 30 minutes), specifically cramps, flatulence and
pain, in comparison to a glucose-control, in both healthy controls
and IBS patients, where the IBS patients showed higher sensitivity
[23]. Fructans induced higher postprandial gastric pressures com-
pared to glucose, suggesting that the proximal small bowel can be
an important contributor to FODMAP-induced symptom genera-
tion. Differences in upper GI motility response may account for
this, but needs to be explored further.

The above mentioned acute challenge studies [19,23] have
shown that FODMAPs have strong symptom triggering effects,
not only in the lower but importantly, also in the upper GI tract,
possibly through gastroduodenal and gastro-colonic reflex ac-
tivities. Duodenal distension has previously been suggested to
decrease gastric tone via a vagally mediated enterogastric reflex

pathway; this mechanism is nutrient- and region-specific [24].
Further research is needed to unravel the exact neural or potential
hormonal mechanisms underlying the increased sensitivity to ef-
fects of FODMAPs. In one small study, fructans were shown to
increase gastroesophageal reflux [25], additionally less gastric ac-
commodation has been shown to be associated with a higher rate
of reflux events [26]. Therefore, it is also likely that FODMAPs
may influence gastro-esophageal crosstalk. Further exploration is
required to understand how fructans may influence these effects.

Extra-intestinal Symptoms

Besides typical GI symptoms, IBS patients often present
with extra-intestinal somatic and/or psychological symptoms in-
cluding fatigue, headaches, anxiety or depressive symptoms [27],
demonstrating that dysregulation of the gut-brain axis, a bidirec-
tional communication pathway between the central and enteric
nervous systems, is also involved in symptom development [27].
Furthermore, it has been demonstrated that behavioral therapy and
centrally acting drugs, such as antidepressants, can improve IBS
symptoms [28].

It has been shown that psychological state can affect symp-
tom intensity or onset. For example, stress can alter the motor
function of the GI tract and change visceral perception, leading
to the onset of exacerbation of symptoms [28,29]. Whether FOD-
MAP intake can trigger psychological symptoms is less investigat-
ed and remains controversial. Following an acute fructan infusion,
increased levels of tension, sadness and anger in IBS patients were
recently found [23]. Additionally, Shepherd et al. observed numer-
ically, although not significantly, increased fatigue scores after a
2-week fructan administration compared to glucose and fructose
[30]. Another study found no significant differences when inves-
tigating the effect of the low and high FODMAP diet on scores of
lethargy [31]. Future studies are needed to confirm which extra-
intestinal symptoms are influenced by FODMAPs. Additionally,
we need to understand whether extra-intestinal symptoms can be
a primary response to FODMAPs induced through neural and/or
hormonal gut-brain signaling pathways, or whether the effects may
be secondary to the development of GI symptoms.

Implementation

There is now high-quality evidence supporting the low FOD-
MAP diet as a first-line therapy in IBS, demonstrating significant
improvement in symptoms in 70% of IBS patients [12]. However,
the lowFODMAP diet is complex, and requires individualised ex-
planation, follow-up and reintroduction by a skilled and trained
dietitian [1]. There are no studies showing the efficacy of the diet
when self-taught, however group education may offer a promising
alternative and has showed similar improvement in levels of symp-
tom control when compared to one-on-one dietetic counselling
[32].Training for health care professionals to increase consistent
delivery of advice and allow access to reliable FODMAP compo-
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sition data is crucial for optimal dietary advice and accurate food
lists. This is an increasing obstacle given the increasing popularity
of the FODMAP approach and the consequent rise of inaccurate
information available on the Internet. The Monash University Low
FODMAP Diet Smartphone Application is an initiative to provide
an up to date global food composition database [33].

Alternative Therapies

Recent evidence has highlighted the use of a mixed ap-
proach composing of a ‘simpler” FODMAP diet plus a focus on
altering eating patterns, based on traditional dietary guidelines for
IBS from the U.K’s National Institute of Health and Care Excel-
lence (NICE) and the British Dietetic Association [34]. Although
previous studies have shown the low FODMAP diet to be superior
when compared to the NICE diet [35], traditional dietary advice
of having regular meals, not eating too much at once and eating
slowly should always be included in instruction [34]. Gut-directed
hypnotherapy is an example of one alternative management ap-
proach, and that has also recently showed similar efficacy to the
low FODMAPdiet [36]. Future studies are required to fine-tune
such strategies of combining elements from different strategies.

Predictors of Response

Retrospective analyses consistently show that adherence
contributes to the low FODMAP diet’ efficacy [1]. Implementa-
tion of the low-FODMAP diet will be further aided by customis-
ing dietary advice for different patient populations and by being
able to better predict positive response in IBS. One predictor of
response may be gut microbiome composition, recently supported
by profiling analyses of an IBS cohort [37] and a small study in
children with IBS, where those who responded to the diet had a
greater baseline saccharolytic capacity [38]. Other observations
have highlighted that genetic polymorphisms altering serotonin
synthesis may also predict response to dietary interventions in
IBS [39]. Beyond this work, no other prospective predictors of
response specific to the low FODMAP diet have been defined.

Breath hydrogen testing is widely used to help predict
whether the specific FODMAP is malabsorbed and whether this is
associated with symptoms. However, there are inconsistencies in
methodologies and poor reproducibility of results making interpre-
tation difficult and highlight that results do not reflect underlying
absorptive capacity [40]. One example is the polyol group. The
polyols are regarded as a FODMAP due to their part absorption
via passive diffusion across the small intestinal epithelium and be-
ing available for rapid fermentation by bacteria. However, stud-
ies assessing sorbitol and mannitol malabsorption patterns have
revealed inconsistent or discordant results when symptoms of IBS
are assessed [21].

Research Settings

The data is lacking for comparisons with a strong control
(such as standard medical therapy), and efficacy of the diet in real-

life settings (including liberalising FODMAP restriction). In addi-
tion, all of the published intervention trials have been conducted in
IBS patients in tertiary care settings.

Patient Groups

There is high quality evidence to support the low FODMAP
diet in the management of symptoms for adults with IBS [12].
Data from randomised controlled clinical trials show the lowFOD-
MAP is efficacious in all subtypes of IBS [12]. However, the role
of FODMAPs in other conditions such as functional dyspepsia
or functional esophageal disorders including Gastro-Esophageal
Reflux Disease (GERD) remains largely unexplored. Colonic fer-
mentation has been suggested to have potential direct effects on the
lower esophageal sphincter motility [25], but the mechanism is not
well established. Up to 30% of GERD patients will continue to ex-
perience reflux symptoms despite acid-suppressive therapy (PPIs).
These patients are termed refractory GERD, where hypersensitivi-
ty to non-acid reflux during transient lower esophageal relaxations
may be an underlying mechanism [41]. Regardless of there being
minimal quality evidence investigating the relationship between
meal ingestion and GERD symptoms, dietary and lifestyle mea-
sures for GERD are often advised by physicians [42]. Randomised
controlled trials across broader populations are needed.

Children

Currently, there is only one controlled trial assessing the low-
FODMATP diet to have been conducted in children with IBS [38].
This study showed that the children with IBS had fewer episodes
of abdominal pain during the 2-day low FODMAP dictary arm.
Although there are other promising paediatric studies assessing a
low-fructose diet [43,44], trials of longer duration of the whole
FODMAP approach are required.

Long-Term Risks
GI microbiota

GI microbiota: Research has shown that alow FODMAP diet
can induce potentially detrimental changes in gut microbiota com-
position and function [45,46]. A recent Norwegian study showed
that just 10 days of fructan supplementation increased the level
of the bacteria which had been reduced by 3 weeks of the low-
FODMAP diet in patients with IBS [47]. This promising finding
highlights the importance of the re-challenge and reintroductions
steps to not only liberalise the diet but importantly restore colonic
microbiota towards baseline levels, whilst maintaining symptom
control. It is not known if some patients will become more sensi-
tive to FODMAP exposure after restriction, where there is poten-
tial for an adaptation of the microbiota or enteric nervous system.
Further work is needed to examine the clinical significance (in-
cluding as delivered in a real-life setting in clinical practice) of the
bacteria changes on the microbiome in the medium to long term.

3

Volume 2017; Issue:06



Citation: Biesiekierski JR, Masuy I (2017) The FODMAP Approach: Recent Evidence and Remaining Questions. J Dig Dis Hepatol2017: JDDH-130.

Nutritional Adequacy

Nutritional adequacy is an issue for any restrictive diet and
the low FODMAP diet should be considered as only one strategy to
have shown efficacy in the multi-disciplinary approach sometimes
required to manage the heterogeneity of IBS. The low FODMAP
diet has been associated with reduced calorie intake [34] however
is thought to be nutritionally adequate if appropriate dietary coun-
selling is provided, especially as the approach allows foods from
each of the food groups to be consumed. Furthermore, a recent
systematic review has highlighted an increased risk for disordered
eating practices in patients with GI disorders where there is a need
for constant monitoring of their food intake [48]. More evidence
is required to enable better screening and identification of such
patients.

Conclusions

The principals and efficacy of the low FODMAP diet are
well supported and the diet is widely implemented as a key treat-
ment strategy in managing Irritable Bowel Syndrome (IBS) pa-
tients. However, there are limitations and the approach must be
used with care and in appropriate situations instructed by trained
health professionals. There remains gap in our knowledge particu-
larly in regards to long term effects and understanding how to in-
dividualize dietary advice, especially in other disorders.

Disclaimer and Source of Support: The authors have
nothing to disclose. Jessica Biesiekierski is a postdoctoral research
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