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Abstract
Irritable bowel syndrome (IBS) is a lifelong condition with a high prevalence
among children and adults. As the diet is a frequent factor that triggers the
symptoms, it has been assumed that by avoiding the consumption of fermentable
oligosaccharides, disaccharides, monosaccharides and polyols (FODMAP), the
symptoms might be improved. Therefore, in the past decade, low FODMAP diet
has been intensively investigated in the management of IBS. The capacity of
FODMAPs to trigger the symptoms in patients with IBS was related to the
stimulation of mechanoreceptors in the small and large intestine. This stimulation
appears as a response to a combination of increased luminal water (the osmotic
effect) and the release of gases (carbon dioxide and hydrogen) due to the
fermentation of oligosaccharides and malabsorption of fructose, lactose and
polyols. Numerous studies have been published regarding the efficacy of a low
FODMAP diet compared to a traditional diet in releasing the IBS symptoms in
adults, but there are only a few studies in the juvenile population. The aim of this
review is to analyze the current data on both low FODMAP diet in children with
IBS and the effects on their nutritional status and physiological development,
given the fact that it is a restrictive diet.

Key words: Low fermentable oligosaccharides; Disaccharides; Monosaccharides; Polyols;
Diet; Children; Irritable bowel syndrome; Symptom
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Core tip: Irritable bowel syndrome is one of the most studied entities among the
functional gastrointestinal disorders. The relationship between fermentable
oligosaccharides, disaccharides, monosaccharides and polyols (FODMAP) and
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gastrointestinal symptoms was demonstrated both in adults and children. Published
studies showed that a low-FODMAP diet is effective for the management of abdominal
pain and bloating sensations in most children and adults with irritable bowel syndrome.
The children’s nutritional status during a long time restrictive FODMAP diet is not
sufficiently assessed.

Citation: Fodor I, Man SC, Dumitrascu DL. Low fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols diet in children. World J Clin Cases 2019; 7(18): 2666-2674
URL: https://www.wjgnet.com/2307-8960/full/v7/i18/2666.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i18.2666

INTRODUCTION
Irritable bowel syndrome (IBS) is often a chronic condition with a high prevalence in
children and adults worldwide. Symptoms of IBS have been identified in 8%-25% of
children, based on large studies on both schooled and community children, and up to
66% of them will present with IBS as adults[1]. Using the Rome III criteria, studies
concluded that  there is  approximately a  similar  prevalence of  IBS in children in
different geographical settings[1]. In the Mediterranean area of Europe, the prevalence
is 4% in the age group 4-10 years and 5.6% in the 11-18 years age group[2].  In the
United States, the IBS prevalence in children was established using parental reports,
and ranged from 2.8% to 5.1%[3,4], whereas in Colombia the prevalence was of 4.8%[5],
and in Sri Lanka it was 5.4%[6]. In contrast, the prevalence of pediatric IBS in China,
Nigeria and Turkey is very high, at 13.25%[7], 16%[8] and 22.6%, respectively[9], which
may be due to a different interpretation of the gastroenterological symptoms among
different cultures[10].

IBS is defined, based on the criteria established by the Rome Foundation IV, as an
abdominal discomfort or pain associated with defecation or disordered defecation for
at least 2 mo prior to diagnosis[11].

The pathophysiology of IBS is known from studies in adults. The present concept of
IBS  is  based  on  an  alteration  of  the  brain-gut  axis,  a  bidirectional  circuit  of
communication between the gut and the brain, leading to visceral hyperalgesia and
followed by disability[10,12]. Similar to adults, psychosocial events and distress (anxiety,
depression, anger, impulsiveness) in children influence visceral hypersensitivity[13-15],
but  some  patients  assign  the  somatic  hyperalgesia  and  symptoms  to  the  diet
composition[16-18]. A very recent meta-analysis found post-traumatic stress disorder
(PTSD) to be a significant risk factor for IBS (pooled odds ratio 2.80, 95%CI: 2.06-3.54,
P  <  0.001),  as  an  exaggerated  stress  response  that  can  increase  visceral
hypersensitivity of the gut[19].

Between the factors that can influence IBS symptoms or disease evolution, food was
one of the most extensively studied, with approximately 60% of IBS patients claiming
that certain foods exacerbate their symptoms[20]. Certain food products can generate
gastrointestinal symptoms, such as diarrhea, abdominal bloating, discomfort and
flatulence, and that was the reason why patients with IBS were advised to restrict the
intake of some aliments. The most common foods that can induce such symptoms are
milk and other dairy products, legumes and pulses, cruciferous vegetables, some
fruits (apples, cherries) and grains (wheat, rye)[21,22].

From  this  point-of-view,  the  most  incriminated  components  are  the  highly
fermentable short-chain carbohydrates, which are slowly absorbed or not digested in
the small intestine, leading to the distension of the lumen. These were named in 2005
by  the  Monash  group  as  fermentable  oligosaccharides,  disaccharides,
monosaccharides and polyols (FODMAP) in a paper regarding the link between the
western diet (rich in FODMAPs) and the lifestyle in Crohn’s disease patients[23].

After the initial publication of “the FODMAP hypothesis”, an intensive research
program  started  that  included  the  mode  of  action,  extensive  analysis  of  food
components, development of cut-off levels (in order to define what a low-FODMAP
is), identification of potential side-effects, and, last but not least, the application of the
diet  in  other  situations  such as  IBS,  inflammatory bowel  disease  and functional
dyspepsia.

Since 2005, numerous studies have been published regarding the efficacy of a low
FODMAP diet compared to a traditional diet in releasing IBS symptoms in adults[24-35].
Several  questions  still  remain  regarding  this  dietary  treatment,  and  thus  more
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randomized controlled studies  are  needed in  order  to  clearly  establish  the  low-
FODMAP diet as the first line therapy method of IBS[36].

Regarding the evaluation of the low FODMAP diet in children with IBS, the first
pediatric study was published in 2014. In this small open label pilot study, performed
in Texas, United States, the potential benefit of a low FODMAP diet was compared to
baseline (the usual diet of the child) in reducing the frequency of abdominal pain. The
lowering of mean and maximum pain severity and pain limiting activities in children
with IBS was demonstrated for a subset of children with IBS, but the differences
between pre- and post-diet symptoms were not statistically significant[37].

In this review, we aim to analyze the published data regarding the implication of a
low FODMAP diet in children with IBS, and to discuss the positive or negative effects
on the nutritional status and on the physiological development, given that this is a
restrictive diet.

THE MECHANISM OF ACTION OF FODMAPs
The capacity of FODMAPs to induce lowering of symptoms in patients with IBS was
related to the stimulation of mechanoreceptors in the small intestine, as a response to
a combination of increased luminal water (the osmotic effect) and the release of gases
(carbon  dioxide  and  hydrogen)  from  the  fermentation  of  oligosaccharides  and
malabsorption of fructose, lactose and polyols[18] (Figure 1).

Based on the length of the carbohydrate chain, different subtypes of FODMAPs
were described[38]:

(1) The oligosaccharides are the carbohydrates with the longest chain length and can
be  found in  wheat,  rye,  legumes,  nuts,  onion and garlic.  They are  malabsorbed
because there is  no capable enzyme to break them down[39,40],  resulting in a high
fermentation process and gas production in the colon. This plays a significant role in
excessive bloating, leading to abdominal pain and flatulence in patients with IBS[41].

(2) The monosaccharide FODMAP is fructose, the smallest carbohydrate, known as
fruit sugar (apple, pear, watermelon, mango, honey, but also sweeteners)[42]. Fructose
distends the small intestine due to its capacity to draw water into the lumen, a highly
osmotic effect, resulting in abdominal pain and bloating[38]. In high quantities, fructose
can lead to diarrhea and altered motility. In a study from 1978, a fructose-free diet
“cured” four patients with long-standing diarrhea and colics[43], thus its removal from
the diet could be efficacious in some cases[44].

(3) In addition, the polyols, such as mannitol and xylitol, are most commonly found
in apples, pears and cauliflowers, but also in artificial sweeteners[38]. Their behavior in
the  intestine  is  similar  to  fructose,  creating  an  osmotic  effect  due  to  their  slow
absorbance in the small bowel, which can induce gastrointestinal symptoms[27].

In 2018, Chumpitazi et al[45] analyzed some food products commercialized in the
United  States,  foods  frequently  consumed  by  children  and  potentially  low  in
carbohydrates, in order to include them in a future pediatric clinical trial. The selected
food  was  provided  from  grocery  stores,  and  contained  a  mixture  of  fresh  fruit
(banana, grapes, pineapple, strawberry and tomato), beverages (simple lemonade,
cranberry juice, sweet tea), dairy products, grains and cereals, snacks (pretzels, potato
chips, fries), peanut butter, and condiments (mustard, mayonnaise). They excluded
foods that were suspected to have excessive FODMAP content, such as whole dairy
milk, and also meats due to a uniformly low carbohydrate content. They concluded
that all fruit contained fructose, but the glucose content was higher in all of them
(glucose facilitates fructose absorption in vivo[46]); lactose was present in butter and
cheese  products;  all  of  the  beverages  analyzed  contained  fructose  and
fructooligosaccharides with no marked label for this FODMAP; the three gluten-free
products evaluated contained more fructose than glucose and fructooligosaccharides;
all of the snacks had excess fructose; the condiments were FODMAP free.

In the United States, but also in Europe, there is a lack of food products clear of
FODMAP  contents,  which  makes  both  following  a  low-FODMAP  diet  and
incorporating FODMAP dietary interventions challenging.

Dietary education became complex in the absence of low-FODMAP diet food lists
available in the United States (and Europe).  Also,  the FODMAP content and the
patient’s cultural dietary preferences in food products may differ from country to
country[47,48]. McMeans et al[47] analyzed three low-FODMAP dietary guidance food
lists, available on the internet since May 2015, which contained more than 150 specific
food items and dietary recommendations. They were classified into three categories:
full restriction (not allowed at all), partial restriction (small amount allowed) and no
restriction. The conclusion was that the lists are often discordant (lack of overlap in >
50%), and the lists do not provide guidance on how to combine food with FODMAP
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Figure 1

Figure 1  The mechanisms of fermentable oligosaccharides, disaccharides, monosaccharides and polyols in
symptom generation.

content  from  different  categories.  Food  products  with  high  and  low  FODMAP
content, more frequently consumed by children, are displayed in Table 1[47].

WHAT IS A LOW-FODMAP DIET?
The low FODMAP diet involves three phases: a strict low FODMAP diet for the first
2-6  wk,  followed  by  a  reintroduction  phase  in  the  following  6-8  wk,  then  the
individualized diet phase, which implies the consumption of well-tolerated food for
longer periods of time[49].

Despite extensive data outlining the restriction of FODMAP (first phase) and the
symptomatic  benefits  in  adult  patients  with  IBS  in  approximately  70%-86%  of
cases[50,51], few studies on the pediatric population have been published[37,52]. In 2015,
Chumpitazi et al[37], evolving from a pilot study and starting from the idea that the low
FODMAP diet can ameliorate the gastrointestinal symptoms in adults with IBS within
48 hours, conducted and published the results of a randomized clinical trial of a low
FODMAP diet in children with IBS[52]. They enrolled 52 children with IBS, aged 7-17
years, who met the Rome III criteria for pediatric IBS. The patients ingested their
usual diet in the first 7 d, named the baseline period. Following the baseline period,
the  children  were  provided  with  either  a  low  FODMAP  or  a  typical  American
childhood diet (TACD) for 48 h, and then they returned to their habitual diet for 5 d
(wash-out period) before crossing over. Thirty-three children completed both arms of
the crossover trial,  and were found to have fewer daily abdominal pain episodes
during the low FODMAP diet as compared to the TACD and baseline[52].

In the past years, microbiome studies and metabolite profiling became intensively
researched[53]. In a pediatric study, Chumpitazi et al[52] evaluated if gut microbiome
biomarkers at baseline could predict the response to a low-FODMAP diet, based on
the frequency of  the  abdominal  pain.  They concluded that  the  responder  group
(subjects with 50% decrease in the intensity of abdominal pain) had an increased
abundance of Bacterioides, Ruminococcus and Faecalibacterium prausnitzii on baseline,
indicators of intestinal health[52]. They also have greater carbohydrate fermentative
capacity,  which may serve as  a  biomarker for  good responders  to  the FODMAP
restrictive diet.

The second phase of the diet, the reintroduction phase, was less studied both in the
child and adult population[54], generally less than a 6 wk period. In order to increase
the  dataset  based  on  this  second  phase,  blind,  randomized,  longer-term  and
interventional  studies must  be designed[53].  In only one study[55]  published as an
abstract,  the  second phase  of  the  low-FODMAP diet  was  designed as  a  gradual
reintroduction of  food during a  6-18 mo period.  A follow-up questionnaire  was
applied to 100 patients regarding their gastrointestinal symptoms (abdominal pain,
bloating, flatulence, borborygmi, urgency, sensation of incomplete evacuation and
lethargy), and the authors concluded that 62% of patients had satisfactory relief on the
diet.  Further  on,  44/62  patients  continued  to  have  satisfactory  relief  at  1  year
following the reintroduction phase, with 42 patients still  avoided high-FODMAP
foods at least 50% of the time.

Adults with IBS (especially women) often identify food components as triggers of
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Table 1  Examples of high and low fermentable oligosaccharides, disaccharides, monosaccharides, and polyols food commonly
consumed by children

Food type High-FODMAP content Low-FODMAP content

Vegetables Green peas, leek, mushrooms, cauliflower Eggplant, green beans, capsicum, carrot,
cucumber, lettuce, potato, tomato, zucchini

Fruits Apples, cherries, dried fruit, mango, nectarines,
peaches, pears, plums, watermelon

Cantaloupe, grapes, kiwi (green), mandarin,
orange, pineapple, strawberries

Dairy and alternatives Cow’s milk, ice cream, yoghurt Feta cheese, hard cheeses, lactose-free milk

Protein Most legumes/pulses, some marinated
meats/poultry/seafood, some processed meats

Eggs, plain cooked meats/poultry/seafood

Breads and cereals Wheat/rye/barley-based breads, breakfast cereals,
biscuits and snack products

Corn flakes, oats, quinoa flakes, quinoa/rice/corn
pasta, rice cakes

Sugars/sweeteners and confectionary honey Dark chocolate, maple syrup, rice malt syrup,
table sugar

Nuts and seeds Cashews, pistachios Macadamias, peanuts, pumpkin seeds, walnuts

FODMAP: Fermentable oligosaccharides, disaccharides, monosaccharides, and polyols.

their gastrointestinal symptoms, especially dairy products,  fried and fatty foods,
foods rich in biogenic amines (wine, beer, cheese, salami) and histamine-releasing
products (milk, pork, wine, beer), thus lowering their quality of life[56-60].  A cross-
sectional study was performed as a questionnaire and prospective dairy data collected
from 2008-2014  by  Chumpitazi  et  al[61],  regarding  the  relationship  between self-
perceived food intolerance and the severity of IBS symptoms; in total, 154 children
meeting the Rome III criteria for pediatric IBS and 32 healthy controls (HS), aged 7-18
years,  were  recruited.  They  concluded  that  more  children  with  IBS  versus  HS
(143/154, 92.9% vs 20/32, 62.5%) identified at least one self-perceived food intolerance
and avoided more foods, but these self-perceived intolerances were poorly associated
with  abdominal  pain  frequency or  the  degree,  somatization,  anxiety,  functional
disability and decreased quality of life[61].

Twelve  papers  (six  cohort  studies  and six  randomized controlled trials)  were
included in a recent meta-analysis[62] regarding the effects of the FODMAP diet on IBS
patients, the differences between low-FODMAP diet and traditional IBS diet, and
high-FODMAP diet versus low-FODMAP diet. The authors concluded that patients on
a low-FODMAP diet  had a  statistically  significant  lower  number  of  episodes  of
abdominal pain, bloating and stool emission.

DISCUSSION
Despite  intense  research on low-FODMAP diet  and its  mechanisms of  action in
patients diagnosed with IBS, especially in the child population, many questions still
need to be answered, especially regarding the diet’s implementation in the clinical
setting[49].

The  national  guidelines  recommend  the  diet  be  supervised  by  a  specialized
dietician[38], a recommendation related especially to the presence of a large number of
educational materials on the internet, which are often incorrect or incomplete[63]. The
newest trends are to use nutrition and health-related applications for smartphones,
the Monash University Low FODMAP diet software application being the second
highest one recommended by dietitians or self-initiated by patients[64].  Even if the
software  applications  are  easy  to  use  and  user-friendly,  they  should  only  be
considered as a helpful tool for following the dieticians’ recommendations and care,
but are not a replacement for health professional visits[65].

IBS is a lifelong condition that decreases children’s quality of life and increases
school absence[66], but Chumpitazi et al[52] concludes that a low-FODMAP is efficient
for symptoms control in children (Table 2).

Given that the diet involves a strict restriction of a large variety of food, when
applied to children, several questions regarding the caloric intake and the nutritional
status were raised[49]. In the last years, researchers focused on gut microbiota and its
relationship to gastrointestinal symptoms in IBS-diagnosed patients. Microbiota with
a greater saccharolytic capacity was suggested to be a biomarker for good responders
to FODMAP avoidance[52], but more studies are needed. Resistant starch, non-starch
polysaccharide, polyphenols and oats are not restricted on the low-FODMAP diet,
and these dietary constituents remain relatively undigested in the gut, and have been
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Table 2  Available studies investigating implementation of the low-fermentable oligosaccharides, disaccharides, monosaccharides, and
polyols diet in children

Ref. Study design Duration n Intervention Results

Chumpitazi et al[37]

(2014)
Pilot study 7 d 8 One-wk LFSD Pain frequency, pain

severity and pain-
related interference with
activities decreased
during a LFSD

Chumpitazi et al[52]

(2015)
Randomized clinical
trial

7 d baseline period,
followed by a low-
FODMAP or TACD diet
for 48 h and baseline
diet for another 5 d

33 Cross over low-
FODMAP diet vs TACD

Less abdominal pain
during low-FODMAP
diet vs TACD

FODMAP: Fermentable oligosaccharides, disaccharides, monosaccharides, and polyols; TACD: Typical American childhood diet.

linked to favorable effects on both the gut microbiota and IBS symptoms[67,68].
Up  to  40%  of  patients  suffering  from  IBS  also  have  psychological  disorders

including depression and anxiety[69]. Therefore, disordered eating behaviors have been
increasingly recognized, especially in adolescents[70]. A better screening for altered
eating behaviors should be performed in adolescents with IBS, both prior and during
dietary implementation[71].

CONCLUSION
The low-FODMAP diet is effective in the management of abdominal symptoms in
most children and adults diagnosed with IBS. There are still many gaps to be filled
regarding the implementation of the diet in clinical practice, the long-term effects
related to the nutritional status, a detailed food quantification of FODMAP written on
labels, and detailed dietary food lists, along with the impact on the quality of life and
overall human health.
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