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Disorders of gut-brain interaction limited.

fully understood. Most FD patients report that their symptoms are triggered by food, especially in the post-
prandial distress syndrome (PDS) group, although evidence to support the use of dietary interventions are

FODMAPs can increase production of gas in the intestinal lumen, through fermentation by intestinal bacteria,
can exert osmotic effects by increasing water volume and can cause an excessive production of short-chain fatty
acids (propionate, butyrate, and acetate).

Emerging scientific evidence, confirmed by recent clinical trials, suggest that FODMAPs could be involved in
the pathogenesis of FD. Given the consolidated approach of the Low-FODMAP Diet (LFD) in irritable bowel
syndrome (IBS) management and emerging scientific evidence regarding the LFD in FD, a therapeutic role of this
diet may be hypothesized also in FD, either alone or in combination with other therapies.

1. Introduction

Functional dyspepsia (FD) is a frequent disorder of gut-brain inter-
action (DGBI) affecting 5-7% of people globally [1], with significant
impairment in quality of life [2].

The presence of one or more of the following symptoms, alone or in
combination, is diagnostic for FD: bothersome epigastric pain; bother-
some epigastric burning; bothersome postprandial fullness; bothersome
early satiation [3]. Symptoms must have started at least six months
before and must have been present at least three days per week in the
previous three months [3,4]. The diagnosis is symptom-based and is
made using the Rome IV criteria [3]. FD can be divided into two groups
based on symptoms: post-prandial distress syndrome (PDS) and
epigastric pain syndrome (EPS) [3].

The PDS subtype is characterized by post-prandial fullness or early
satiation, whereas the EPS subtype symptoms lack a direct connection to
meal consumption [5,6]. However, it is well known that EPS and PDS
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features might overlap in FD patients [7-9] (Table 1).

Belching, nausea, or abdominal bloating are taken into account as
supportive symptoms. Heartburn alone is not a symptom of dyspepsia,
even though it can coexist with it [3].

Currently, there is a significant clinical overlap between FD and
other conditions, including irritable bowel syndrome (IBS) and gastro-
esophageal reflux disease (GERD) [10-12].

Recent findings pointing out a possible role of food in the patho-
genesis of FD have focused their attention on the role of fermentable
oligo-, di-, and monosaccharide and polyols (FODMAPs) in symptom
generation [13,14] and hypothesized the possible role of a Low FOD-
MAP diet (LFD) in FD management.

Up to now a LFD has been proposed as second-line therapy for IBS by
many international guidelines [15,16]. Recent studies suggest its
possible application to FD, GERD-like symptoms, functional heart-
burning, fecal incontinence and to organic diseases [17].

The aim of this narrative review is to evaluate, on the basis of the
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Table 1
Diagnostic criteria for Functional Dyspepsia according to Rome IV criteria.
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Table 2
Low FODMAP diet.

Diagnostic criteria for Functional Dyspepsia [3]

1. One or more of the following™:
1. Bothersome postprandial fullness
2. Bothersome early satiation
3. Bothersome epigastric pain
4. Bothersome epigastric burning
AND
2. No evidence of structural disease (including use of upper endoscopy) that is likely
to explain the symptoms

Diagnostic criteria for Postprandial
Distress Syndrome (PDS)

Diagnostic criteria for Epigastric Pain
Syndrome (EPS)

Must include one or both of the following
at least 3 days a week":

Must include one or both of the following
symptoms at least 1 day a week":

1. Bothersome postprandial fullness
2. Bothersome early satiation

1. Bothersome epigastric pain
2. Bothersome epigastric burning

No evidence of organic, systemic, or metabolic disease that is likely to explain
the symptoms on routine investigations (including upper endoscopy).
Abbreviations: PDS=Postprandial Distress Syndrome; EPS = Epigastric Pain
Syndrome.

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

available scientific literature, the possible role of a LFD in the patho-
physiology and management of FD.

2. Functional dyspepsia

The pathophysiological mechanisms of FD are complex and are not
fully understood. These involve alterations in gastro-intestinal (GI)
motility (delayed gastric emptying and impaired fundic accommoda-
tion), hypersensitivity to certain nutrients found in food, visceral hy-
persensitivity to both physical and chemical stimuli, central nervous
system processing, psychopathological aspects, immunologic alterations
and micro-inflammation, GI infections, changes in the gastric and small
bowel microbiota, changes in epithelial permeability and genetic factors
[4,18].

Although food seems to play a role in the production of symptoms, its
pathophysiologic role in patients with FD is not entirely understood
[19]. Food seems to be relevant especially in the PDS subgroup.
Although a meta-analysis regarding the associations between food
components and symptoms in people with FD found no clear links be-
tween symptoms and any particular food or drink [19]; however, several
studies have reported that fats are an important factor associated with
symptom production [20-25]. Symptoms brought on by meals are
frequent and reproducible [26]. After meal ingestion, symptoms appear
rapidly in FD patients, peaking within 15-30 min, and they frequently
last for more than 4 h [5].

According to other studies, dairy products, alcohol, coffee, red meat,
carbonated drinks, vegetables, spicy food, carbohydrates, wheat, and
citrus fruits are the foods that are most frequently reported as food
triggers for FD symptoms [27]. Soluble fibers, fats and carbohydrates are
all shown to decrease gastric emptying and are associated with upper GI
symptoms [28-31]. Meals high in fiber and fat, particularly long-chain
triglycerides, trigger the release of cholecystokinin, which slows down
gastric motility and makes the stomach more susceptible to distention.
This mechanism may be accentuated in FD [25,32].

The management of FD includes lifestyle and dietary changes, and
pharmacological therapies such as antiacids, prokinetics and neuro-
modulators [16,18].

Similarly to other DGBIs, the majority of available therapies have
only modest success in treating FD symptoms [16].

Current guidelines recommend once-daily proton pump inhibitor
(PPI) therapy for 4-8 weeks as a first line treatment for individuals who
test negative for H. pylori (Hp). In Hp positive patients eradication

Cereals Milk and Vegetables and Fruit
Derivates Legumens

Allowed Rice, quinoa, Lactose free Lettuce, Banana,
gluten free milk and spinach, carrot, strawberry,
bread and yogurt, soy potato, tomato,  orange,
cereals, milk, rice olive, zucchini, mandarin,
buckwheat, milk, Greek eggplant, red lemon, limes,
amaranth, yogurt, pepper, herbs, kiwi, pineapple,
potato, hard peas, soy melon,
polenta cheese, brie  products raspberry,

blueberry

Forbidden  Bread, pasta, Cow-goat- Onion, pepper, Pear, apple,
biscuits, sheep milk, mushroom, watermelon,
couscous, yogurt, broccoli, peach, apricot,
kamut, rye, butter, fresh  chicory, radish,  prune, avocado,
barley, cheese, sprout, turnips, mango,
croissant custard, ice cauliflower, blackberry

cream chickpeas,
beans, lentils,
soybeans

therapy is recommended, but it did not alleviate their symptoms in most
cases [18]. In some patients, especially in the PDS subgroup, the use of
prokinetics as first-line therapy may be considered [16,18].

Lifestyle changes could improve FD symptoms: according to a recent
small randomized controlled trial (RCT), adding aerobic exercise to first-
line therapy (PPIs or prokinetics) significantly reduced the severity of
dyspeptic symptoms when compared to conventional management
alone [33]. Other possible therapies, considered to be second-line, are
gut-brain neuromodulators [16,18], psychological approaches (cogni-
tive behavioral therapy) [34], gut-directed hypnotherapy [35] or elec-
trical stimulation [36].

3. FODMAPs and Low-FODMAP diet

FODMAPs is an acronym which stands for Fermentable Oligo-, Di,
Mono-saccharides And Polyols. They are a large class of short chain
carbohydrates that are not readily absorbed in the gut. They can be
found in a wide variety of foods: fruit, vegetables, cereals, milk and dairy
products, legumes and sweeteners.

FODMAPs can increase the production of gas in the intestinal lumen,
through fermentation by intestinal bacteria, and they can exert osmotic
effects by increasing water volume [37] and can cause an excessive
production of short-chain fatty acids (SCFAs) (propionate, butyrate, and
acetate).

Gas generation and an increase in osmotic pressure, through the
stimulation of mechano- and chemo-receptors, cause symptoms such as
pain, changes of bowel habits, bloating and flatulence [38]. The overlap
between FD and IBS suggests that these effects may also play a role in
upper GI disorders.

If present in high concentrations, SCFAs an increase visceral sensi-
tivity, can be toxic to the epithelium, and also, by stimulating the mu-
cosa to release of 5-hydroxytryptamine (SHT), favor the onset of high-
amplitude propagated colonic contractions, thus accelerating intesti-
nal transit [39,40]. Acetate and other SCFAs can be absorbed and
metabolized in the proximal small intestine, and emerging evidence
suggests that fermentation of SCFAs may occur in the upper gastroin-
testinal tract. This supports the hypothesis of the role of FODMAPs in the
pathogenesis of FD [41,42].

A low FODMAP Diet (LFD) (Table 2), consists in the reduction of
FODMAPs during a period of 4-8 weeks. After the elimination phase,
gradual reintegration of one category of these carbohydrates at a time is
mandatory. This is to enable the patients, with the help of a skilled
nutritionist, to identify the foods they are sensitive to, and to find al-
ternatives, in order to design a less restrictive and more balanced LFD,
an “adapted LFD” (AdLFD) tailored to the patient, which should be
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Table 3
Studies on low FODMAP diet applied in patients with functional dyspepsia.
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Diet Comparison to Duration N° of Diagnosis  Evaluation criteria ~ Conclusion Responders (%) — p
(week) pts value
LFD® Abitual diet 6 25 FD Symptoms Significant improvement of 62 - NA
symptoms
LFD/gluten free Abitual diet 4 11 FD Symptoms (NDI) Modest reduction in symptoms NA - 0.087
diet>®
LFD'® Standard dietary NA 59 FD/IBS Symptoms LFD more benefit 50-0.012
advice (SAGIS)
LFD' Standard dietary 4 105 FD Symptoms (SF- No difference with both diets 67-0.32
advice NDI)

Abbreviations: FODMAP = fermentable oligo-, di-, mono-saccharides and polyols; pts = patients; LFD = low FODMAP diet; IBS = irritable bowel syndrome; NA = not
applicable; NDI=Nepean Dyspepsia Index; SAGIS=Structured Assessment of Gastrointestinal Symptom Scale; SF-NDI=Short-Form NDI.

recommended in the long term.

Before prescribing a restrictive diet such as the LFD, it is mandatory
to consider the possible risks particularly if it is suggested for long pe-
riods, such constipation (limiting fiber intake), nutritionally de-
ficiencies, changes of gut microbiota and eating behavior disorders [43].

A trained nutritionist should be involved in order to minimize the
risks of nutritional deficiencies and to correctly identify the “trigger”
FODMAPs able to provoke symptoms [37].

A nutritionist also ensures implementation of the diet in the long
term, establishing an AALFD, which is more sustainable in the long term.

The possible mechanisms underlying symptom reduction with di-
etary FODMAP restriction in patients with FD are still unclear. However,
the role of FODMAPs in the pathogenesis of DGBI and the LFD thera-
peutic effect on IBS symptoms represent an interesting starting point to
evaluate the applicability of the LFD also in patients with upper GI
functional disorders such as FD.

4. FODMAPs, LFD and FD

FODMAPs may play a key role in the generation of FD’s symptoms
[19]. Some studies suggest an enhanced nutrient-induced gut-brain
signaling underlying the perception of symptoms in FD [44]. As
mentioned above FODMAPs lead to intestinal fermentation and
increased osmotic pressure, in turn resulting in increased gas and water
in the small intestine, with consensual stimulation of
mechano-chemoreceptors, and this is likely to contribute to the devel-
opment of symptoms [38,45,46]. In FD patients, this leads to increased
discomfort, changes og gastro-intestinal motility, flatulence, and bloat-
ing [38].

It is reasonable to assume that FODMAPs are involved in FD, given
that luminal distension is a key trigger for the development of gastro-
intestinal symptoms in patients with visceral hypersensitivity [47]. In
this regard, pathophysiological studies on the upper gastrointestinal
tract have demonstrated that acute infusion of fructans into the stomach
lead to increased postprandial intragastric pressure at manometry and
trigger bloating, cramping, and abdominal pain [48]. Furthermore, the
rapid onset of symptoms starting 35 min after the beginning of FODMAP
infusion rules out any colonic fermentation, since the mean gastric
emptying half-time is around 80 min [48,49]. This suggests that the
upper gastrointestinal tract may contribute to generation of
FODMAP-induced symptoms, possibly through a gastroduodenal cross-
talk [50]. Moreover, bloating and abdominal pain appear to be reduced
by a LFD [51].

In vitro studies have demonstrated that FODMAPs may also be linked
to mucosal inflammation or colonic barrier loss through microbiome-
mediated mast cell activation [52,53], or directly through atypical
food sensitivities [54]. These mechanisms, well established for the
pathogenesis of FODMAP- induced symptoms in IBS, may also be rele-
vant in FD. Additionally, a significant overlap between FD and IBS has
been observed [55]. Interestingly, Van den Houte et al. showed in a
preliminary report that FODMAPs can influence duodenal mucosal

integrity; that is symptom improvement during a LFD correlated with an
increase in transepithelial electrical resistance through the duodenal
mucosa. In this study, 25 patients with FD underwent 6 weeks LFD,
recording a 62% clinically significant improvement of symptoms. Sub-
sequently, symptom recurrence occurred with a wide variety of FOD-
MAPs during the blinded reintroduction phase of the study. The
FODMAPs that most commonly triggered the recurrence of FD symp-
toms were mannitol and galacto-oligosaccharides (both 29%), followed
by fructans (21%), sorbitol (14%), fructose (14%) and lactose (12%)
[56].

However, only a few studies have examined the therapeutic efficacy
of a LFD in FD [13,14,57,58] (Table 3).

A pilot randomized double-blind, placebo controlled, dietary cross-
over trial showed only a modest overall reduction in symptoms in a
cohort of 11 patients with Rome III criteria FD following a gluten-free
diet and a LFD (71.2% vs 47.1%, p = 0.087). Nine participants
completed the four-week run-in phase with a gluten-free diet and a LFD;
in turn, those with >30% response to Nepean Dyspepsia Index (NDI) (n
= 4) were re-challenged with “muesli” bars containing gluten, fructans
or placebo in randomized order. However, the re-challenge phase failed
to identify a specific trigger between gluten and fructans [58].

Staudacher et al. compared in FD patients the effectiveness of a LFD
with standard dietary advice. The study involved 59 patients with a
diagnosis of FD, but a large number (81%) were also diagnosed with IBS.
Forty patients followed a LFD, while the remaining 19 received standard
dietary advice. Epigastric and overall gastrointestinal symptoms were
assessed with the Structured Assessment of Gastrointestinal Symptom
Scale. A higher rate of symptom relief occurred in subjects who received
a LFD (50% vs. 16%, p = 0.012), with no different dietary adherence in
the two groups [13].

Moreover, in a prospective, single-blind trial, 105 patients with
Rome IV criteria positive for FD were randomized into a LFD or a
traditional dietary advice group for four weeks; thereafter in a second
eight-week phase, FODMAPs were reintroduced in the LFD group.
Symptom severity and quality of life were assessed with Short-Form NDI
(SE-NDI). At 4 weeks, both groups showed a significant improvement in
SF-NDI symptom scores compared with the baseline, with no differences
in response between groups (66.7% vs 56.9%; p = 0.32), although a
higher response rate to LFD was recorded in patients with PDS or
bloating (p = 0.04). On the other hand, with multivariate analysis,
factors predicting response to the LFD were bloating and male gender
[14].

5. Discussion

Even though most FD patients report that their symptoms are trig-
gered by nutrient ingestion [19], evidence to support the use of dietary
interventions in FD is limited, with data mainly derived from observa-
tional studies, not RCTs [16,59,60]. Clinical efficacy dietary trials
regarding LFD are challenging owing to difficulty in implementing a
sham diet and also by the co-presence in wheat of fructans and gluten,
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Fig. 1. Proposed algorithm for the Low-FODMAP diet in managing functional dyspepsia
Abbreviations: IBS = irritable bowel syndrome; GERD = Gastro-esophageal Reflux Disease; PPI=Proton Pump Inhibitor; LFD = low fermentable oligo-, di-, mono-

saccharides and polyols diet; AALFD = Adapted LFD.

likely triggers of GI symptoms [61]. Moreover, an overlap of FD and IBS
in clinical trials could interfere with clinical evaluation of LFD efficacy
on FD symptoms [13]. Currently, dietary recommendations provided to
patients are empirically derived and usually advise low-fat food and
frequent small-size meals [26]. However, FODMAPs may contribute to
the genesis of symptoms in FD due to their osmotic effect, gas produc-
tion, and visceral hypersensitivity due to loss of the barrier effect and
mucosal inflammation [38,46,54,56]. In a recent review on dietary
approaches for DGBI, Tack et al. concluded that for FD only the LFD had
sufficient emerging evidence to be considered in clinical practice [60].
The introduction of the LFD has represented an important turning point
for IBS [37,62,63] This evidence leads us to suggest that a LFD could be
indicated in FD patients with overlapping IBS. FD patients present a high
rate of overlap not only with IBS, but also with typical GERD symptoms,
and this may be explained by some common etiological risk factors and
pathophysiological mechanisms [10,58,64-66]. The overlapping of FD
with IBS or GERD is associated with more severe symptoms [55,67]. In
addition, functional esophageal disorders, like reflux hypersensitivity
and functional heartburn, frequently overlap with FD [10,64]. Food
intake is well-known for having an impact on reflux mechanisms by
inducing transient lower esophageal sphincter relaxations (TLESRs)
through postprandial gastric distension, vago-vagal reflex and endocrine
feedback [68]; moreover, patients frequently experience an increase in
reflux symptoms following ingestion of particular foods [69]. Fructans
have been shown to increase TLESRs also in healthy subjects and the
number of gastroesophageal reflux events in GERD patients [70,71]. In
the case of patients with FD overlap with typical GERD symptoms un-
responsive to PPI therapy, an appropriate diagnostic work-up is required
to establish the most suitable therapeutic intervention [72]. However,
the feasibility of a LFD could also be considered in these patients also in
association with PPI or with other therapeutic approaches. Hence, a LFD
could improve dyspeptic symptoms, reducing both IBS and
reflux-related symptoms.

Furthermore, a LFD may be indicated in patients with FD (both EPS
and PDS) unresponsive to first-line therapy or to an elimination diet if

trigger foods have been identified. If the LFD is clinically effective, it
could be maintained and adapted to the patient’s feedback, with the
guidance of a specialist, in order to ensure adherence to the diet and
avoiding any nutritional deficit. However, further RCT studies on a
larger number of patients are mandatory to assess the real efficacy of a
LFD in improving FD symptoms.

6. Conclusions

FD is a frequent DGBI with a heavy impact on the quality of life. The
management of FD is challenging due to the lack of specific therapeutic
approaches. Most FD patients report that their symptoms are triggered
by food, especially in PDS, although evidence to support the use of di-
etary interventions is limited. Emerging scientific evidence, supported
by some recent clinical trials, suggest that FODMAPs could play a role in
FD physiopathology [13,14,56,58]. Consequentially, a LFD should be
taken into account among the possible dietary options offered to FD
patients (Fig. 1) in combination with specific therapeutic approaches,
especially in FD patients with refractory symptoms and/or overlapping
IBS.

Research agenda

e Understanding whether there are pathophysiological differences
between patients with functional dyspepsia alone and overlapping
with other gastrointestinal disorders.

e Confirming in clinical practice the efficacy of the Low-FODMAP Diet
for the treatment of functional dyspepsia.

Practice points

e Functional dyspepsia management is challenging and available
therapies have only modest success in treating symptoms.

e Emerging scientific evidence suggest that FODMAPs could be
involved in the pathogenesis of functional dyspepsia.
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e Understanding "why”, “when”, and “to whom” Low-FODMAP Diet

should be used in the management of functional dyspepsia.
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