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Abstract: In children, functional gastrointestinal disorders (FGIDs) are common at all ages.
Consumption of certain foods, particularly gluten, is frequently associated with the development
and persistence of FGIDs and functional abdominal pain disorders (FAPDs) in adults and children.
However, this association is not well defined. Even without a diagnosis of celiac disease (CD), some
people avoid gluten or wheat in their diet since it has been shown to trigger mostly gastrointestinal
symptoms in certain individuals, especially in children. The incidence of conditions such as non-celiac
gluten sensitivity (NCGS) is increasing, particularly in children. On the other hand, CD is a chronic,
autoimmune small intestinal enteropathy with symptoms that can sometimes be mimicked by FAPD.
It is still unclear if pediatric patients with irritable bowel syndrome (IBS) are more likely to have CD.
Abdominal, pain-associated FGID in children with CD does not seem to improve on a gluten-free diet.
The threshold for gluten tolerance in patients with NCGS is unknown and varies among subjects.
Thus, it is challenging to clearly distinguish between gluten exclusion and improvement of symptoms
related solely to functional disorders.

Keywords: pediatric functional abdominal pain disorders; gluten; wheat; celiac disease; non-celiac
gluten sensitivity

1. Introduction

The association between gluten and abdominal pain is broad and can be attributed to many
factors [1-4]. Nevertheless, the association between gluten and functional abdominal pain disorders
(FAPDs) is not well defined. In children, functional gastrointestinal disorders (FGIDs) are common at
all ages [5-9]. FAPD is a relatively new term that was recently defined in the Rome IV criteria in 2016
(Table 1).
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Table 1. Rome IV classification for functional gastrointestinal disorders for children and
adolescents [10].

O Functional nausea and vomiting disorders

Cyclic vomiting syndrome
Functional nausea and functional vomiting

u
L
s Rumination syndrome

m  Aerophagia

O  Functional abdominal pain disorders

n Functional dyspepsia
o  Postprandial distress syndrome
o  Epigastric pain syndrome

" Irritable bowel syndrome (IBS)
o IBS with predominant constipation (IBS-C)
o IBS with predominant diarrhea (IBS-D)
o IBS with mixed bowel habits (IBS-M)
o  IBS unclassified (IBS-U)

n Abdominal migraine

O  Functional abdominal pain—not otherwise specified

s Functional defecation disorders
»  Functional constipation
m  Non-retentive fecal incontinence

The Rome criteria are defined by experts who use evidence, when available, and clinical
experience or consensus when lacking scientific data for certain conditions. The pediatric section of this
criteria recommends diagnosing FGID in children and adolescents using symptom-based guidelines.
The Rome 1V criteria does mention that FGIDs are not necessarily diagnoses of exclusion, and that
other medical conditions can coexist with FGIDs [11,12]. The term, “abdominal pain-related functional
gastrointestinal disorders” was changed to “functional abdominal pain disorders” (FAPDs) in 2016 and
a new term, “functional abdominal pain—not otherwise specified (FAP-NOS)” for pediatric patients,
was added for patients who do not fit the criteria for irritable bowel syndrome (IBS), functional
dyspepsia, or abdominal migraine [10].

Many studies have described the frequency of FGIDs in children [13-18]. However, these studies
have used the definitions described in the Rome III criteria. For example, dyspeptic symptoms have
been reported in 5-10% of healthy adolescents in the northeastern United States [15]. As per parent
reports, IBS prevalence in children in the United States can range from 1.2% to 2.9% [14,17] and, as per
school-based studies, the prevalence in Colombia and Sri Lanka has been reported to be 4.9% and 5.4%,
respectively [13,16]. Depending on the criteria used for diagnosis of abdominal migraine, its frequency
can vary between 1% and 23% [13,14,17,18]. The Rome III criteria described functional abdominal pain
(FAP) and FAP syndrome (FAPS) [10]. As per prior reports, 38% of school-aged children report weekly
abdominal pain. A Colombian cross-sectional study found a prevalence that ranged from 1.7% to 2%
for FAP and 0.3% to 1.4% for FAPS in children [13].

Robin et al. reported a U.S. prevalence of FGIDs in children 0-18 years old, according to the newly
established Rome IV diagnostic criteria. Data was collected using the Rome IV Pediatric Diagnostic
Questionnaire (RIV-PDQ), which has been validated in adults but not in patients younger than 18 years.
From 959 children ages 4 years or older included in the study, symptom-based FGID criteria were
met by 25% of children and adolescents, with functional dyspepsia (postprandial distress syndrome)
being the most common FAPD, being present in 7.2% of children [19]. Similarly, Saps et al. completed
a cross-sectional study using a Spanish version of the RIV-PDQ that was applied to school-aged
children (8 to 18 years) in Colombia. After exclusions, 3567 children completed the study; 21.2% met
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the Rome IV criteria for FGIDs, and 8.2% had one FAPD. In Colombia, the prevalence of FGIDs was
significantly lower (p = 0.004) than in a previous study using Rome III questionnaires, at 23.7% [20].
As with the U.S.-based study, functional dyspepsia (postprandial distress syndrome) was the most
common FAPD in 2.7% of children; it was followed closely by FAP-NOS (2.4%) and IBS (2.3%) [19,20].
It is of note that rates of functional dyspepsia (postprandial distress syndrome) and IBS were much
higher in U.S. pediatric participants than Colombian children (Table 2). Due to the lack of multicenter,
large, international comparative studies, the reason for the difference in prevalence between various
geographic regions is currently unknown [21]. In addition, these differences can be influenced by
population variability in regard to social and psychosocial factors (i.e., divorce, mental illness and
other social stressors). These factors are involved in the pathogenesis of FGIDs as described by the
biopsychosocial model [22,23]. Finally, the U.S.-based study was conducted using a maternal online
survey, and the study from Colombia collected data from children at their schools. Regardless of
method, neither study author could completely assure recall accuracy [24].

Table 2. Prevalence of functional gastrointestinal disorders (FGIDs) and functional abdominal pain
disorders in children from United States and Colombia using the Rome IV classification [19,20].

United States Colombia
Type of FGID 1 (%) 1 (%)
Any FGID 240 (25.00%) 755 (21.20%)
Functional Dyspepsia—Postprandial Distress Syndrome 69 (7.20%) 97 (2.70%)
Functional Dyspepsia—Epigastric Pain Syndrome 4 (0.40%) 11 (0.30%)
Irritable Bowel Syndrome 49 (5.10%) 83 (2.30%)
Abdominal Migraine 11 (1.10%) 18 (0.50%)
Functional Abdominal Pain—Not Otherwise Specified 30 (3.10%) 85 (2.40%)

2. Pathogenesis of FGID and FAPD

Functional gastrointestinal disorders are mostly considered the sum of many complex factors that
interact between them, including early life, genetics, and biological, psychological, environmental,
and social factors [22,23].

Using the biopsychosocial approach allows the clinician to better understand FGIDs and establish
a clinical framework to address the variability and complexity of these patients [22,23]. Early life events
influence psychosocial factors and intestinal physiology, which will interact as part of the gut-brain
axis. Using neurotransmitters, this axis bidirectionally transmits signals from the brain’s cognitive and
emotional centers to the gastrointestinal (GI) tract [25]. Several motor, sensory, autonomic, immune
and endocrine functions are affected through direct connections between the visceral muscles, other
end-organ structures, and the central nervous system (CNS) [26]. Psychosocial factors will modulate
the patient’s pain experience and symptom behavior (Figure 1) [22].
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Figure 1. Biopsychosocial approach and gut-brain axis [22,25,27-29].

The gut microbiome has been recognized as an important player in the pathogenesis of FGID.
The microbiome contains approximately 100 times as many genes as the human genome, and it is
composed of approximately 103 to 10'* microorganisms with 500 to 1000 different species [30].
Under physiological circumstances, intestinal bacteria maintain a homeostatic relationship with
host mucosa without inducing the systemic immune system, while in pathological conditions this
balance seems to be lost due to dysbiosis [31]. For example, fecal and intestinal microbial diversity
differences are found among healthy and IBS patients [32]. These alterations lead to enhanced intestinal
permeability, mucosal immune activation, altered gut motility, and visceral hypersensitivity [32-38].
Nevertheless, the data are conflicting when comparing the composition and difference between the
intestinal microbiome and chronic abdominal pain in adults and children with IBS [39].

The emerging concept of the microbiome—gut-brain axis [39,40] is described as the control of
the GI and neurological function by the connection of the microbiota, gut, and brain [40]. The CNS
modulates the GI tract via the autonomic nervous system (ANS). The microbiota is influenced by the
hypothalamus-pituitary—adrenal (HPA) axis through changes in the environment, i.e., secretion of
acid, mucus, regional motility, gut permeability, and host-enteric microbiota signaling through short
chain fatty acids and neuroactive substances [41-43].

More recently food and diet, and their effect on intestinal microbiota, have been associated with
FGIDs. Milk and carbohydrates, respectively, are the most common foods avoided by patients with
IBS [44,45]. Certain food restrictions could be beneficial as a result of reduced osmotic effects or
alterations in gut mucosa [46,47]; however, results are inconsistent [48]. Wheat is produced in more
than 25,000 different cultivars. Its simplicity for cultivation in different climates, and its nutritional
value, palatability, and other factors make it the most widely grown crop worldwide. Wheat is
processed in many food and drinks; and gluten is used as an additive in foods and cosmetics [4].
Even though the reason is not clear and there is concern in terms of long-term health effects, over
the last decade the gluten-free market has grown rapidly. By 2017 the gluten-free market in the
United States was estimated at US$6 billion [49,50]. The increased number of people who avoid gluten
is due to increasing concerns about gluten intolerance or celiac disease (CD) [51]. We will discuss the
direct effect of gluten in FAPDs not only as a food but also as part of recognized conditions such as CD
and non-celiac gluten sensitivity (NCGS).

3. Gluten as a Factor in FAPDs

The epidemiology of gluten-related FAPDs has not been yet reported. Among the conditions
included in FAPDs, IBS has been the one most studied with regards to its relationship to diet and
gluten consumption [1]. More than 60% of adult patients with IBS develop bloating and abdominal
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pain within 15 minutes to a few hours after consumption of certain foods [44]. In a double-blind,
randomized placebo-controlled trial, patients with IBS and self-reported gluten intolerance with a
negative diagnosis for CD received either gluten or a placebo. Thirty-two percent of patients in the
gluten-exposed group reported adequate symptom control versus 60% of the placebo group, suggesting
that patients with IBS could react to gluten despite the lack of gluten intolerance diagnosis [52].
Similar studies in children are lacking [53].

There is an efficient and coordinated system that responds to food ingestion with digestion,
absorption of nutrients and waste expulsion. Certain foods can affect some patients due to various
mechanisms that include intolerance, allergy, and/or hypersensitivity [54]. Wheat in the diet plays
an important role by worsening symptoms in patients with IBS [55]. Gluten, found in wheat, rye,
and barley, is a group of immunogenic proteins that is known to cause CD, an autoimmune disease,
in people with genetic predisposition [56].

Gut proteases do not completely degrade gluten proteins, leading to the production of several
non-digested peptides. It has been proposed that, even in the absence of CD, these peptides can
cause mild gut immune and/or functional abnormalities in a subgroup of patients with IBS [57].
Mouse models with sensitization to gluten, in the absence of CD, have described altered smooth muscle
contractility and an abnormal immune reaction associated with IBS [1]. In addition, x-amylase/trypsin
inhibitors (ATIs) and wheat lectin agglutinin, other protein components of wheat, have been
demonstrated to stimulate pathways of innate immunity [2,58]. The role of ATIs in IBS is not yet known,
and its mechanisms are different from those proposed for gluten with the option to co-exist or act in a
synergistic matter [1]. Wheat also contains fructans, which are carbohydrates that are poorly absorbed
in the small intestine, as well as other fermentable oligosaccharides, disaccharides, mono-saccharides,
and polyols (FODMAPs) [55]. The implication of FODMAPs in FAPD is not discussed in this review.

Even in the absence of CD, gluten has been hypothesized to trigger GI symptoms. Mice sensitized
to gluten have an increased release of acetylcholine from the myenteric plexus. As the main excitatory
neurotransmitter in the intestine, acetylcholine increases smooth muscle contractility, ion transport,
and water vectorial movements. Sensitization with non-gluten protein did not elicit a similar reaction,
and gluten did not cause any mucosal atrophy. This dysfunction was more pronounced in the T-cell
response against the human leukocyte antigen (HLA) in DQ8-positive transgenic mice [59]. Monocytes
of subjects without CD, as established by negative tissue microscopy and serology, with a positive
HLA-DQ2 genetic haplotype, have been shown to release 2-3 fold more interleukin (IL) 8 compared to
monocytes from HLA-DQ2 negative individuals [60].

What we know: IBS symptoms can be present when individuals are exposed to gluten even
without a diagnosis of intolerance to gluten. Functional abdominal pain and IBS can be triggered
not only by gluten, but also by other components of wheat including ATIs, wheat, lectin, agglutinin,
and fructans.

What we do not know: The epidemiology of gluten-related FAPD in children, and the genetic
predisposition, specifically relying on HLA haplotypes, is unclear.

4. Non-Celiac Gluten Sensitivity and FAPD

Even without a diagnosis of CD, approximately 1.7% of Americans avoid gluten or wheat in their
diet [61]. Worldwide, 4 to 13% of the general population self-report symptoms related to gluten or
wheat ingestion [62-69].

Non-celiac gluten sensitivity (NCGS) has been defined as a condition in which intestinal and /or
extra-intestinal symptoms are triggered by gluten ingestion which resolve once gluten is eliminated
from the diet, provided that CD and wheat allergy have been ruled out. The innate immune system has
been proposed as contributing to the pathogenesis of NCGS, as these patients have been found to have
increased intestinal mucosa toll-like receptor (TLR) 2 expression when compared to celiac patients [3].
Pro-inflammatory cytokines and co-stimulatory molecules are expressed following exposure to gliadin,
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the major component of wheat gluten, in monocytes and dendritic cells [2,59,70,71]. Peptides derived
from gliadin could increase IL-15 production and promote enterocyte apoptosis [71].

Whether gluten is really causing symptoms in this NCGS patient population remains the object
of an ongoing debate [4]. NCGS is usually categorized as a food sensitivity more than a food
intolerance. Food intolerance is defined as abnormal food digestion secondary to the inability to
digest nutrients or excessive intake of specific nutrients that would then be only partially digested
and absorbed, so leading to GI symptoms related to intestinal microbiota sugar fermentation [72].
Food sensitivities are variable, immune-mediated reactions to specific nutrients that lead to intestinal
and/or extra-intestinal clinical manifestations [4]. Based on the above-mentioned definition, it has
been proposed that NCGS and IBS are different conditions with overlapping features [4]. In some
studies, these two clinical entities have been considered as synonymous, creating major confusion
in data interpretation and outcome. A FODMAPs diet can resolve the symptoms of a subgroup of
IBS patients, while this diet would not have any effect on true NCGS patients, since FODMAPs do
not induce an immune response, and the elimination of gluten-containing food will only minimally
decrease the overall intake of FODMAPs [4]. Other proteins unique to gluten-containing cereal have
been shown to trigger immune responses, which has resulted in the generation of the alternate term of
wheat sensitivity or non-celiac wheat sensitivity (NCWS) [1,4].

A subgroup of IBS patients, especially the ones with diarrhea-predominant IBS, could have
NCGS with positive HLA-DQ2 and/or HLA-DQS8 genotypes [73]. These patients have breaks in
tight junctions, with increased antigen trafficking and activation of immune cells on the lamina
propria, but no changes in intestinal transit time or mucosal histology [73,74]. Once gluten is excluded,
most patients would experience improved clinical symptoms [74]. Messenger RNA analysis from
rectosigmoid biopsies obtained from these patients showed decreased expression of occludin, claudin-1,
and zonula occludens-1 [73]. In this IBS population with potential NCGS, there is an increased
trafficking of dietary antigens as well as lipopolysaccharide (LPS) from the intestinal lumen to the
submucosa due to increased gut permeability. An uncontrolled intestinal influx of LPS induced
immunopathology, with the development and progression of low-grade, non-infective, chronic
inflammation as detected by increased levels of tumor necrosis factor o and IL-13 [75]. Adaptive
immunity cytokines have been found to be normal [76]; however, a study showed elevated small
intestine IFN-y levels when NCGS patients were exposed to gluten [77]. It is debatable if this cytokine
was produced by intraepithelial lymphocytes or as part of a T helper 1 adaptive immune response [77].
Furthermore, mucosa permeability is affected by lumen proteases, while prostanoids and histamine
released by immune cells seem to enhance activation of neural responses responsible for motor
intestinal function and abdominal pain perception [78].

Patients with NCGS have been reported to have different intestinal microbiota when compared
to the general population, having a lower proportion of fecal Lactobacillus and Bifidobacterium and
elevated duodenal presence of Bacteroides and Escherichia coli [79]. Patients with NCGS could present
with small intestinal bacterial overgrowth in 9 to 55% of cases, especially in patients non-responsive to
a gluten-free diet or with symptom recurrence after an initial response to the gluten-free diet [80].

Due to the lack of validated biomarkers, the prevalence of NCGS/NCWS is not clear in the general
population. A study that analyzed the National Health and Nutrition Examination Survey (NHANES)
from 2009 to 2010 showed that from 7762 unselected participants aged 6 years old or older, 0.55% of
them reported gluten-free diet consumption [81]. It is probable that several of these subjects could
have NCGS [4]. Between 2004 and 2010, the Center for Celiac Research at the University of Maryland
estimated a 6% prevalence for potential NCGS/NCWS [82], while an Italian multicenter prospective
study in 2013 showed 3.19% patients with suspected NCGS/NCWS [83]. Similar to what has been
found in IBS, NCGS seems to be more common in females, particularly around the third decade of
life, with the diagnosis occurring more often in tertiary centers [55]. Unlike adults, NCGS has been
reported to be more common in male than female children [84].
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Studies in pediatric patients are almost inexistent. A study in New Zealand reported that 5% of
children without a diagnosis of CD avoided gluten-containing foods to prevent GI symptoms and/or
non-specific behavioral changes. Only a few children were actually tested for CD with procedures that
included small intestine histologic evaluation [68]. There are two prospective series of where NCGS
was diagnosed in 12 and 15 cases with clinical symptoms similar to the ones described in adults [84,85].

Clinical symptoms of NCGS/NCWS usually present immediately after the ingestion of
gluten-containing foods with resolution after withdrawal and recurrence after challenge [82,86,87].
Gastrointestinal symptoms include bloating, abdominal discomfort, abdominal pain, altered bowel
habits, and/or tiredness [88]. IBS is characterized by a similar presentation, but NCGS tends to have
more extra-intestinal manifestations that include central and/or peripheral nervous system-associated
symptoms, musculoskeletal and skin manifestations, chronic fatigue and “foggy mind” [83].
In children, NCGS mainly manifests with intestinal symptoms like abdominal pain and chronic
diarrhea without weight loss [4]. In a small cohort of 15 pediatric patients with NCGS, most common
GI symptoms included abdominal pain (80%), chronic diarrhea (73%), bloating (26%), vomiting (20%),
and constipation (20%) [84].

NCGS should not only be a diagnosis of exclusion; it is important that CD and wheat allergy are
accurately excluded using serologic markers and/or histology [88]. By the time they seek medical care,
most patients with NCGS have already established a relationship between symptoms and exposure to
gluten [4]. There is no biomarker with sufficient sensitivity and specificity for diagnostic purposes.
Diagnostic criteria rely on both the assessment of clinical response to a gluten-free diet and the negative
potential influence of gluten consumption after a gluten-free diet period (“nocebo” effect) [1,86]. In the
clinical setting, a blind, crossover gluten challenge is difficult and not usually feasible [88].

Duodenal biopsies are normal on a gluten-containing diet, but up to 40% of cases could
present with mild elevation of intraepithelial lymphocytes, especially CD3+ immune stain [83,89].
Testing for HLA complex specifically for NCGS/NCWS is not recommended [1,90]. As a potential
biomarker, immunoglobulin G (IgG) anti-gliadin antibodies (AGAs) have been proposed for diagnosis
of NCGS/NCWS. High antibody titers are detectable in the serum of more than 50% of NCGS/NCWS
patients. It is important to mention that AGA are present in other conditions including connective tissue
disorders, autoimmune diseases and healthy controls [1]. One study described AGA normalization
after following the gluten-free diet for 6 months in almost all patients with NCGS [91].

In pediatrics, there is also an absence of biomarkers. Francavilla et al. described that NCGS
children compared to controls tested positive for AGA IgG titers, and positivity for HLA-DQ2 was
significantly more common, being present in 66% and 46% of cases, respectively. No differences in
nutritional, biochemical or inflammatory markers were found between the children with NCGS and
controls. Diagnosis of NCGS in children could be challenging, considering a potential overlap with a
delayed allergic reaction with symptoms that develop from one hour to several days after ingestion of
wheat proteins. Many of these infants would have negative serum immunoglobulin E (IgE) levels and
skin prick tests with absence of circulating wheat protein-specific IgE [84].

What we know: NCGS and IBS are different conditions with overlapping features. Adaptative
immunity is normal in NCGS cases. Patients with NCGS have altered microbiota and are at increased
risk for small intestinal bacterial overgrowth. NCGS is a diagnosis of exclusion.

What we do not know: If gluten truly causes symptoms in NGCS patients. There are no validated
biomarkers for NCGS. Small case series in pediatrics provide inconclusive evidence for NCGS, but
there are reports of children without CD avoiding gluten in their diet.

5. Celiac Disease and FAPD

CD is a chronic, autoimmune, small intestinal enteropathy mediated by T lymphocytes immune
response, triggered in subjects with genetic predisposition by exposure to dietary gluten [88]. Clinical
presentation in older children and adults can include, among other symptoms, abdominal pain,
diarrhea, bloating, constipation, and /or weight loss [56]. These symptoms can sometimes be mimicked
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by symptoms of FAPD. Diarrhea and abdominal pain are more frequently present in individuals with
both conditions [10,92]. Due to similarity of symptoms, there can be misdiagnosis in patients who
could have CD, as with patients already diagnosed with CD receiving treatment [93]. For that reason,
the Rome IV criteria recommend an accurate evaluation for CD in children with symptoms suggestive
of diarrhea-predominant IBS, especially in the setting of positive family history for CD [10].

It is still unclear if pediatric patients with IBS are more likely to have CD. In adults, CD has been
reported to be 3—4 times more common in patients with IBS [94], with 4% of patients initially diagnosed
with IBS ultimately being diagnosed with CD [94-97]. Recent studies report lower frequencies,
with 0.4% in Norway [98], 2% in Turkey [99], and 3.2% in Jordan [100]. In addition, adult studies
have demonstrated that 35% of patients with CD adherent to a gluten-free diet will continue to
have abdominal pain and discomfort, and 22% have persistence of diarrhea [101]. A US-based
adult cohort found that 48% of patients diagnosed with CD met the criteria for IBS upon diagnosis,
while only 2% continued fulfilling the criteria 6 months after diagnosis. Improvement or resolution
of abdominal pain occurred shortly after the implementation of the gluten-free diet in 95% of
patients [102]. Contradictory results were reported in a Canadian cohort, indicating symptoms
persisted even on an adequate gluten-free diet. After 5 years on a gluten-free diet as treatment
for CD, persistent symptoms included diarrhea, abdominal pain and constipation in 22%, 35% and
46% of cases, respectively. Authors proposed a post-inflammatory effect toward FAP as a potential
cause [101]. A meta-analysis reported a higher prevalence of biopsy-proven CD and positive serology
(IgA anti-gliadin antibodies, endomysial antibodies, and/or tissue transglutaminase antibodies) in
adult participants with symptoms suggestive of IBS when compared to healthy controls. Results were
not consistent in population-based studies, and among IBS patients in North American studies, there
was no increase in odds ratio for any CD test [103].

Very limited studies in children have suggested that FAPD and IBS are unlikely to be caused by
CD [53]. Nevertheless, a tertiary center, prospective cohort reported that there was a 4-fold increased
incidence of CD among children with Rome III criteria diagnosis for IBS [104]. No association has
been found between recurrent abdominal pain and the prevalence of anti-endomysial antibody when
compared to healthy controls [105]. In the United States, diagnosis of CD was positive for only one of
227 patients with recurrent abdominal pain aged 5 to 18 years [106]. A prospective Italian cohort of
children between 4 and 17 years of age, who were followed prospectively for one year after keeping
a gluten-free diet, reported that 28% (23 of 82) of participants continued having GI symptoms and
fulfilled Rome III criteria for FGIDs. In comparison, only 8.9% (5 of 56) of healthy controls had FGIDs.
Anxiety and depression were significantly more present in patients with CD and FGIDs than controls
and children with CD without FGIDs (p = 0.02). After one year on a gluten-free diet, participants with
GI symptoms alone (40.3%) met Rome III criteria for FGIDs significantly more than children with also
extra-intestinal symptoms [107]. Psychological factors, but also residual chronic inflammation, were
postulated as potential causes, along with the similar explanation by Pulido et al. in adults [101,107].
Functional GI disorders related to post inflammation possibly differ between children and adults.
For example, it is still unclear what the mechanisms are by which sometimes acute inflammation
secondary to acute gastroenteritis leads to FGIDs, while chronic inflammation for months or years as
seen in CD does not trigger FGIDs [108,109].

More recently, Saps et al. conducted a multinational, cross-sectional study in the United States
and Italy. Two-hundred-and-eighty-nine children were recruited. The cohort included children with
CD on a gluten-free diet for more than 6 months, sibling controls and unrelated controls. For sibling
control, the closest sibling of the index case was recruited, ideally of the same sex, with normal tTG-IgA
antibody levels and duodenal biopsies if an upper endoscopy had been completed. Abdominal
pain-associated FGIDs were present in 8.2% of participants with CD; in 8.2% of sibling controls; and
in 2.1% of unrelated individuals. The relative risk for abdominal pain-associated FGIDs was not
significantly different among patients with CD on a gluten-free diet and sibling controls (p = 1.00).
Even though there was a 4-fold increase between these both groups compared to unrelated controls,
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there still was not statistical difference among them (p = 0.06 for both) [110]. Chronic abdominal
pain and abdominal pain-associated FGIDs were more common in children from Italy compared to
the U.S. participants; 46% and 14%, respectively, in Italy versus 19%, and 2% in the United States.
A similar study that compared 46 pediatric patients with CD on a gluten-free diet to sibling controls
did not show a difference in abdominal pain and abdominal pain-associated FGIDs between those
groups [111]. In adults, a meta-analysis indicated that there is a 5-fold greater risk for patients with
CD, irrespective of gluten-free diet adherence, to have IBS-type symptoms when compared to healthy
controls [97]. This association has not been studied and it is not clear that lack of consistency among
children and adults. It has been proposed that adult patients with CD have chronic duration of
symptoms (mean duration 11 to 13 years) [87,101,112-114] before diagnosis, which led to a longer time
period of intestinal mucosa inflammation [110].

Due to the lack of consistent data among the prevalence of FGIDs in children with CD following
a gluten-free diet, there are relevant clinical implications and a treatment dilemma. Options include
the avoidance of unnecessary testing or insistence on an improved diet adherence under the premise
of a pediatric subgroup with persistent GI symptoms even on a strict gluten-free diet. This situation
frequently frustrates patients and their families, since they could be keeping a gluten-free diet and
the continuous questioning about diet adherence can develop into a stressful relationship between
children, families and medical providers [93].

What we know: Rome 1V criteria recommends an accurate evaluation for CD in children with
symptoms suggestive of diarrhea-predominant IBS. In some adults with CD, even on a gluten-free
diet, GI symptoms could persist.

What we do not know: It is unknown if IBS in pediatric patients increases the risk for developing
CD. Functional abdominal pain disorders and IBS are unlikely to be caused by CD.

6. Evidence to Recommend Gluten Elimination Diet as a Treatment in Patients with FAPD

Currently, a strict, life-long gluten-free diet implementation is the only treatment option for
patients with CD [88]. For IBS patients with NCGS, there are no specific treatment guidelines currently
available [1]. The presence of gluten in foods is common, and, even in gluten-free foods, minute
amounts of gluten can be present. The threshold for gluten tolerance in patients with NCGS is
unknown, and it seems that value is variable among subjects [82,86,87].

Patients with abdominal pain and bloating reported control of symptoms, and patients with
diarrhea-predominant IBS were found to have an improvement in symptoms when following a
gluten-free diet for 6 months [115]. When successful, gluten avoidance can significantly improve
symptoms in a short a time as within a week from initiation of the gluten-free diet. Adult non-celiac
individuals with IBS keeping a gluten-free diet reported worsening symptoms when blindly exposed
to gluten (68%) in comparison to patients that blindly received gluten-free placebo (40%) [52].
Other clinical trials in adults have supported the concept that gluten challenge causes symptoms
in IBS [116-118]; wheat challenge causes symptoms in IBS [51]; and IBS symptoms with HLA DQ2-8
genetic haplotype responds to the gluten-free diet [73,115]. In a second trial by Biesikierski et al.
patients with IBS with symptom resolution after a gluten-free diet were challenged with low-dose
gluten (2 g per day), high-dose gluten (16 g per day) or whey protein (16 g per day) after keeping a
low FODMAP diet for 2 weeks. The gluten challenge did not cause GI symptoms, but all challenged
evoked neurological symptoms. There was no difference between different doses of gluten [119].

In patients self-diagnosed as NCGS/NCWS, before they start a gluten-free diet, it is recommended
that they are tested to rule out CD [82]. Gluten-free diets with lower caloric and fiber concentrations
can cause nutritional deficiencies and result in increased total and saturated fat intake. They can also
contain lower amounts of folate, niacin, cobalamin, vitamin A, vitamin E, phosphorus, calcium, zinc,
and selenium compared to gluten-rich foods [120-123]. The small intestine and fecal microbiota
composition are affected, as seen with a reduction of beneficial bacteria like Firmicutes, when
gluten is restricted in the diet [120-123]. Changes in intestinal microbiota and physiology after



Nutrients 2018, 10, 1491 10 of 16

following a gluten-free diet could potentially enhance reactivity and sensitivity to gluten and/or
wheat re-introductions [1]. To prevent inadequate nutrition, a gluten-free diet has to be medically
indicated; it is also vital to have proper evaluation, guidance, and supervision by an experienced
dietitian. Other food sensitivities and/or intolerances should be evaluated if GI symptoms persist after
at least 6 weeks of a supervised gluten-free diet in patients with suspected NCGS/NCWS [55]. It is
probable that other foods rich in FODMAPs could be causing symptoms, and an exclusion trial may
be beneficial [1].

7. Conclusions

Consumption of certain foods, particularly gluten, is frequently associated with the development
and persistence of FGIDs and FAPDs in adults and children. It is difficult to distinguish clear differences
between gluten exclusion and improvement of symptoms related solely to functional disorders.
Even more complicated is the potential role of immunity and chronic inflammation in FGIDs. CD and
NCGS/NCWS are common and their incidence is increasing. These disorders occur in conjunction
with FAPDs to some extent and are potentially associated. Currently, in pediatric patients, a gluten-free
diet needs to be medically indicated and closely monitored by a healthcare provider, since it can lead
to other nutritional deficiencies. Further research is imperative to better delineate the prevalence and
mechanisms of gluten/wheat sensitivity and their significance before recommending gluten restriction
in children with FAPD.

Author Contributions: A.L.-C. contributed to writing the manuscript; A.F. contributed to writing and reviewed
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Volta, U,; Pinto-Sanchez, M.L; Boschetti, E.; Caio, G.; De Giorgio, R.; Verdu, E.F. Dietary triggers in irritable
bowel syndrome: Is there a role for gluten? ]. Neurogastroenterol. Motil. 2016, 22, 547-557. [CrossRef]
[PubMed]

2. Junker, Y,; Zeissig, S.; Kim, S.J.; Barisani, D.; Wieser, H.; Leffler, D.A.; Zevallos, V.; Libermann, T.A.; Dillon, S.;
Freitag, T.L.; et al. Wheat amylase trypsin inhibitors drive intestinal inflammation via activation of toll-like
receptor 4. J. Exp. Med. 2012, 209, 2395-2408. [CrossRef] [PubMed]

3. Sapone, A.; Lammers, K.M.; Casolaro, V.; Cammarota, M.; Giuliano, M.T.; De Rosa, M.; Stefanile, R.;
Mazzarella, G.; Tolone, C.; Russo, M.L; et al. Divergence of gut permeability and mucosal immune gene
expression in two gluten-associated conditions: Celiac disease and gluten sensitivity. BMC Med. 2011, 9, 23.
[CrossRef] [PubMed]

4. Fasano, A.; Sapone, A.; Zevallos, V.; Schuppan, D. Nonceliac gluten sensitivity. Gastroenterology 2015,
148,1195-1204. [CrossRef] [PubMed]

5. VanTilburg, M.A; Hyman, P.E.; Walker, L.; Rouster, A.; Palsson, O.S.; Kim, S.M.; Whitehead, W.E. Prevalence
of functional gastrointestinal disorders in infants and toddlers. . Pediatr. 2015, 166, 684—689. [CrossRef]
[PubMed]

6. Lewis, M.L,; Palsson, O.S.; Whitehead, W.E.; van Tilburg, M.A L. Prevalence of functional gastrointestinal
disorders in children and adolescents. J. Pediatr. 2016, 177, 39-43. [CrossRef] [PubMed]

7. Vanden Berg, M.M,; Benninga, M.A.; Di Lorenzo, C. Epidemiology of childhood constipation: A systematic
review. Am. J. Gastroenterol. 2006, 101, 2401-2409. [CrossRef] [PubMed]

8. Vandenplas, Y.; Abkari, A.; Bellaiche, M.; Benninga, M.; Chouraqui, J.P.; Cokura, F,; Hegar, B.; Lifschitz, C.;
Ludwig, T.; Miqdady, M.; et al. Prevalence and health outcomes of functional gastrointestinal symptoms in
infants from birth to 12 months of age. J. Pediatr. Gastroenterol. Nutr. 2015, 61, 531-537. [CrossRef] [PubMed]

9. Chogle, A.; Velasco-Benitez, C.A.; Koppen, L].; Moreno, J.E.; Ramirez Hernandez, C.R.; Saps, M.
A population-based study on the epidemiology of functional gastrointestinal disorders in young children.
J. Pediatr. 2016, 179, 139-143. [CrossRef] [PubMed]


http://dx.doi.org/10.5056/jnm16069
http://www.ncbi.nlm.nih.gov/pubmed/27426486
http://dx.doi.org/10.1084/jem.20102660
http://www.ncbi.nlm.nih.gov/pubmed/23209313
http://dx.doi.org/10.1186/1741-7015-9-23
http://www.ncbi.nlm.nih.gov/pubmed/21392369
http://dx.doi.org/10.1053/j.gastro.2014.12.049
http://www.ncbi.nlm.nih.gov/pubmed/25583468
http://dx.doi.org/10.1016/j.jpeds.2014.11.039
http://www.ncbi.nlm.nih.gov/pubmed/25557967
http://dx.doi.org/10.1016/j.jpeds.2016.04.008
http://www.ncbi.nlm.nih.gov/pubmed/27156185
http://dx.doi.org/10.1111/j.1572-0241.2006.00771.x
http://www.ncbi.nlm.nih.gov/pubmed/17032205
http://dx.doi.org/10.1097/MPG.0000000000000949
http://www.ncbi.nlm.nih.gov/pubmed/26308317
http://dx.doi.org/10.1016/j.jpeds.2016.08.095
http://www.ncbi.nlm.nih.gov/pubmed/27726867

Nutrients 2018, 10, 1491 11 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hyams, J.S.; Di Lorenzo, C.; Saps, M.; Shulman, R.J.; Staiano, A.; van Tilburg, M. Functional disorders:
Children and adolescents. Gastroenterology 2016, 150, 1456-1468. [CrossRef] [PubMed]

Faure, C.; Giguere, L. Functional gastrointestinal disorders and visceral hypersensitivity in children and
adolescents suffering from Crohn’s disease. Inflamm. Bowel Dis. 2008, 14, 1569-1574. [CrossRef] [PubMed]
Zimmerman, L.A.; Srinath, A.L; Goyal, A.; Bousvaros, A.; Ducharme, P; Szigethy, E.; Nurko, S. The overlap
of functional abdominal pain in pediatric Crohn’s disease. Inflamm. Bowel Dis. 2013, 19, 826-831. [CrossRef]
[PubMed]

Saps, M.; Nichols-Vinueza, D.X.; Rosen, ].M.; Velasco-Benitez, C.A. Prevalence of functional gastrointestinal
disorders in Colombian school children. J. Pediatr. 2014, 164, 542-545. [CrossRef] [PubMed]

Van Tilburg, M.A.; Walker, L.S.; Palsson, O.S.; Kim, S.M.; Spiegel, B.M.; Spiller, R.C.; Tack, J.F; Yang, Y.
Prevalence of child/adolescent functional gastrointestinal disorders in a national U.S. community sample.
Gastroenterology 2014, 146 (Suppl. 1), S143-S144. [CrossRef]

Hyams, ].S.; Burke, G.; Davis, PM.; Rzepski, B.; Andrulonis, P.A. Abdominal pain and irritable bowel
syndrome in adolescents: A community-based study. J. Pediatr. 1996, 129, 220-226. [CrossRef]
Devanarayana, N.M.; Mettananda, S.; Liyanarachchi, C.; Nanayakkara, N.; Mendis, N.; Perera, N.;
Rajindrajith, S. Abdominal pain-predominant functional gastrointestinal diseases in children and adolescents:
Prevalence, symptomatology, and association with emotional stress. J. Pediatr. Gastroenterol. Nutr. 2011,
53, 659-665. [CrossRef] [PubMed]

Saps, M.; Adams, P.; Bonilla, S.; Chogle, A.; Nichols-Vinueza, D. Parental report of abdominal pain
and abdominal pain-related functional gastrointestinal disorders from a community survey. ]. Pediatr.
Gastroenterol. Nutr. 2012, 55, 707-710. [CrossRef] [PubMed]

Devanarayana, N.M.; Adhikari, C.; Pannala, W.; Rajindrajith, S. Prevalence of functional gastrointestinal
diseases in a cohort of Sri Lankan adolescents: Comparison between Rome II and Rome III criteria.
J. Trop. Pediatr. 2011, 57, 34-39. [CrossRef] [PubMed]

Robin, S.G.; Keller, C.; Zwiener, R.; Hyman, P.E.; Nurko, S.; Saps, M.; Lorenzo, C.D.; Shulman, R.J.;
Hyams, J.S.; Palsson, O.; et al. Prevalence of pediatric functional gastrointestinal disorders utilizing the
Rome IV criteria. J. Pediatr. 2018, 195, 134-139. [CrossRef] [PubMed]

Saps, M.; Velasco-Benitez, C.A.; Langshaw, A.H.; Ramirez-Hernandez, C.R. Prevalence of functional
gastrointestinal disorders in children and adolescents: Comparison between Rome IIIl and Rome IV criteria.
J. Pediatr. 2018, 199, 212-216. [CrossRef] [PubMed]

Saps, M.; Moreno-Gomez, J.E.; Ramirez-Hernandez, C.R.; Rosen, ].M.; Velasco-Benitez, C.A. A nationwide
study on the prevalence of functional gastrointestinal disorders in school-children. Bol. Med. Hosp.
Infant. Mex. 2017, 74, 407-412. [CrossRef] [PubMed]

Drossman, D.A. Functional Gastrointestinal disorders: History, pathophysiology, clinical features and Rome
IV. Gastroenterology 2016, 150, 1262-1279. [CrossRef] [PubMed]

Van Oudenhove, L.; Crowell, M.D.; Drossman, D.A.; Halpert, A.D.; Keefer, L.; Lackner, ]. M.; Murphy, T.B.;
Naliboff, B.D. Biopsychosocial aspects of functional gastrointestinal disorders. Gastroenterology 2016,
150, 1355-1367. [CrossRef] [PubMed]

Chogle, A.; Sztainberg, M.; Bass, L.; Youssef, N.N.; Miranda, A.; Nurko, S.; Hyman, P; Coqjin, J.;
Di Lorenzo, C.; Saps, M. Accuracy of pain recall in children. ]. Pediatr. Gastroenterol. Nutr. 2012, 55,
288-291. [CrossRef] [PubMed]

Gaman, A.; Kuo, B. Neuromodulatory processes of the brain-gut axis. Neuromodulation 2008, 11, 249-259.
[CrossRef] [PubMed]

Jones, M.P; Dilley, J.B.; Drossman, D.; Crowell, M.D. Brain-gut connections in functional GI disorders:
Anatomic and physiologic relationships. Neurogastroenterol. Motil. 2006, 18, 91-103. [CrossRef] [PubMed]
Camilleri, M. Peripheral mechanisms in irritable bowel syndrome. N. Engl. . Med. 2012, 367, 1626-1635.
[CrossRef] [PubMed]

Mayer, E.A.; Gebhart, G.F. Basic and clinical aspects of visceral hyperalgesia. Gastroenterology 1994,
107, 271-293. [CrossRef]

Ohman, L.; Simren, M. Pathogenesis of IBS: Role of inflammation, immunity and neuroimmune interactions.
Nat. Rev. Gastroenterol. Hepatol. 2010, 7, 163-173. [CrossRef] [PubMed]


http://dx.doi.org/10.1053/j.gastro.2016.02.015
http://www.ncbi.nlm.nih.gov/pubmed/27144632
http://dx.doi.org/10.1002/ibd.20506
http://www.ncbi.nlm.nih.gov/pubmed/18521915
http://dx.doi.org/10.1097/MIB.0b013e3182802a0a
http://www.ncbi.nlm.nih.gov/pubmed/23407043
http://dx.doi.org/10.1016/j.jpeds.2013.10.088
http://www.ncbi.nlm.nih.gov/pubmed/24332822
http://dx.doi.org/10.1016/S0016-5085(14)60508-4
http://dx.doi.org/10.1016/S0022-3476(96)70246-9
http://dx.doi.org/10.1097/MPG.0b013e3182296033
http://www.ncbi.nlm.nih.gov/pubmed/21697745
http://dx.doi.org/10.1097/MPG.0b013e3182662401
http://www.ncbi.nlm.nih.gov/pubmed/22744191
http://dx.doi.org/10.1093/tropej/fmq039
http://www.ncbi.nlm.nih.gov/pubmed/20525779
http://dx.doi.org/10.1016/j.jpeds.2017.12.012
http://www.ncbi.nlm.nih.gov/pubmed/29398057
http://dx.doi.org/10.1016/j.jpeds.2018.03.037
http://www.ncbi.nlm.nih.gov/pubmed/29747935
http://dx.doi.org/10.1016/j.bmhimx.2017.05.005
http://www.ncbi.nlm.nih.gov/pubmed/29382524
http://dx.doi.org/10.1053/j.gastro.2016.02.032
http://www.ncbi.nlm.nih.gov/pubmed/27144617
http://dx.doi.org/10.1053/j.gastro.2016.02.027
http://www.ncbi.nlm.nih.gov/pubmed/27144624
http://dx.doi.org/10.1097/MPG.0b013e31824cf08a
http://www.ncbi.nlm.nih.gov/pubmed/22314392
http://dx.doi.org/10.1111/j.1525-1403.2008.00172.x
http://www.ncbi.nlm.nih.gov/pubmed/19844605
http://dx.doi.org/10.1111/j.1365-2982.2005.00730.x
http://www.ncbi.nlm.nih.gov/pubmed/16420287
http://dx.doi.org/10.1056/NEJMra1207068
http://www.ncbi.nlm.nih.gov/pubmed/23094724
http://dx.doi.org/10.1016/0016-5085(94)90086-8
http://dx.doi.org/10.1038/nrgastro.2010.4
http://www.ncbi.nlm.nih.gov/pubmed/20101257

Nutrients 2018, 10, 1491 12 of 16

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Gill, S.R;; Pop, M.; Deboy, R.T.; Eckburg, P.B.; Turnbaugh, P.J.; Samuel, B.S.; Gordon, ].I.; Relman, D.A.;
Fraser-Liggett, C.M.; Nelson, K.E. Metagenomic analysis of the human distal gut microbiome. Science 2006,
312, 1355-1359. [CrossRef] [PubMed]

Daulatzai, M.A. Non-celiac gluten sensitivity triggers gut dysbiosis, neuroinflammation, gut-brain axis
dysfunction, and vulnerability for dementia. CNS Neurol. Disord. Drug Targets 2015, 14, 110-131. [CrossRef]
[PubMed]

Simren, M.; Barbara, G.; Flint, H.J.; Spiegel, B.M.; Spiller, R.C.; Vanner, S.; Verdu, E.F; Whorwell, PJ.;
Zoetendal, E.G. Intestinal microbiota in functional bowel disorders: A Rome foundation report. Gut 2013,
62,159-176. [CrossRef] [PubMed]

Camilleri, M.; Lasch, K.; Zhou, W. Irritable bowel syndrome: Methods, mechanisms, and pathophysiology.
The confluence of increased permeability, inflammation, and pain in irritable bowel syndrome. Am. J. Physiol.
Gastrointest Liver Physiol. 2012, 303, G775-G785. [CrossRef] [PubMed]

Matricon, J.; Meleine, M.; Gelot, A.; Piche, T.; Dapoigny, M.; Muller, E.; Ardid, D. Review article:
Associations between immune activation, intestinal permeability and the irritable bowel syndrome.
Aliment. Pharmacol. Ther. 2012, 36, 1009-1031. [CrossRef] [PubMed]

Ringel, Y.; Maharshak, N. Intestinal microbiota and immune function in the pathogenesis of irritable bowel
syndrome. Am. |. Physiol.-Gastrointest. Liver Physiol. 2013, 305, G529-G541. [CrossRef] [PubMed]

Hughes, P.A.; Zola, H.; Penttila, I.A.; Blackshaw, L.A.; Andrews, ].M.; Krumbiegel, D. Immune activation in
irritable bowel syndrome: Can neuroimmune interactions explain symptoms? Am. J. Gastroenterol. 2013,
108, 1066-1074. [CrossRef] [PubMed]

Valdez-Morales, E.E.; Overington, J.; Guerrero-Alba, R.; Ochoa-Cortes, F.; Ibeakanma, C.O.; Spreadbury, L;
Bunnett, N.W.; Beyak, M.; Vanner, S.J. Sensitization of peripheral sensory nerves by mediators from colonic
biopsies of diarrhea-predominant irritable bowel syndrome patients: A role for PAR2. Am. . Gastroenterol.
2013, 108, 1634-1643. [CrossRef] [PubMed]

Cani, PD.; Everard, A, Duparc, T. Gut microbiota, enteroendocrine functions and metabolism.
Curr. Opin. Pharmacol. 2013, 13, 935-940. [CrossRef] [PubMed]

Mayer, E.A.; Savidge, T.; Shulman, R.]. Brain-gut microbiome interactions and functional bowel disorders.
Gastroenterology 2014, 146, 1500-1512. [CrossRef] [PubMed]

Pigrau, M.; Rodino-Janeiro, B.K.; Casado-Bedmar, M.; Lobo, B.; Vicario, M.; Santos, J.; Alonso-Cotoner, C.
The joint power of sex and stress to modulate brain-gut-microbiota axis and intestinal barrier homeostasis:
Implications for irritable bowel syndrome. Neurogastroenterol. Motil. 2016, 28, 463-486. [CrossRef] [PubMed]
Rhee, S.H.; Pothoulakis, C.; Mayer, E.A. Principles and clinical implications of the brain-gut-enteric
microbiota axis. Nat. Rev. Gastroenterol. Hepatol. 2009, 6, 306-314. [CrossRef] [PubMed]

Mayer, E.A. The neurobiology of stress and gastrointestinal disease. Gut 2000, 47, 861-869. [CrossRef]
[PubMed]

Dinan, T.G.; Stanton, C.; Cryan, J.F. Psychobiotics: A novel class of psychotropic. Biol. Psychiatry 2013,
74,720-726. [CrossRef] [PubMed]

Simren, M.; Mansson, A.; Langkilde, A.M.; Svedlund, J.; Abrahamsson, H.; Bengtsson, U.; Bjornsson, E.S.
Food-related gastrointestinal symptoms in the irritable bowel syndrome. Digestion 2001, 63, 108-115.
[CrossRef] [PubMed]

Nanda, R;; James, R.; Smith, H.; Dudley, C.R.; Jewell, D.P. Food intolerance and the irritable bowel syndrome.
Gut 1989, 30, 1099-1104. [CrossRef] [PubMed]

Chey, W.D. The role of food in the functional gastrointestinal disorders: Introduction to a manuscript series.
Am. ]. Gastroenterol. 2013, 108, 694-697. [CrossRef] [PubMed]

Rajilic-Stojanovic, M.; Jonkers, D.M.; Salonen, A.; Hanevik, K.; Raes, ].; Jalanka, J.; de Vos, W.M.;
Manichanh, C.; Golic, N.; Enck, P; et al. Intestinal microbiota and diet in IBS: Causes, consequences,
or epiphenomena? Am. J. Gastroenterol. 2015, 110, 278-287. [CrossRef] [PubMed]

Halpert, A.; Dalton, C.B.; Palsson, O.; Morris, C.; Hu, Y.; Bangdiwala, S.; Hankins, J.; Norton, N.; Drossman, D.
What patients know about irritable bowel syndrome (IBS) and what they would like to know. National
Survey on Patient Educational Needs in IBS and development and validation of the Patient Educational
Needs Questionnaire (PEQ). Am. . Gastroenterol. 2007, 102, 1972-1982. [CrossRef] [PubMed]

Talley, N.J.; Walker, M.M. Celiac Disease and nonceliac gluten or wheat sensitivity: The risks and benefits of
diagnosis. JAMA Intern. Med. 2017, 177, 615-616. [CrossRef] [PubMed]


http://dx.doi.org/10.1126/science.1124234
http://www.ncbi.nlm.nih.gov/pubmed/16741115
http://dx.doi.org/10.2174/1871527314666150202152436
http://www.ncbi.nlm.nih.gov/pubmed/25642988
http://dx.doi.org/10.1136/gutjnl-2012-302167
http://www.ncbi.nlm.nih.gov/pubmed/22730468
http://dx.doi.org/10.1152/ajpgi.00155.2012
http://www.ncbi.nlm.nih.gov/pubmed/22837345
http://dx.doi.org/10.1111/apt.12080
http://www.ncbi.nlm.nih.gov/pubmed/23066886
http://dx.doi.org/10.1152/ajpgi.00207.2012
http://www.ncbi.nlm.nih.gov/pubmed/23886861
http://dx.doi.org/10.1038/ajg.2013.120
http://www.ncbi.nlm.nih.gov/pubmed/23649183
http://dx.doi.org/10.1038/ajg.2013.241
http://www.ncbi.nlm.nih.gov/pubmed/23958521
http://dx.doi.org/10.1016/j.coph.2013.09.008
http://www.ncbi.nlm.nih.gov/pubmed/24075718
http://dx.doi.org/10.1053/j.gastro.2014.02.037
http://www.ncbi.nlm.nih.gov/pubmed/24583088
http://dx.doi.org/10.1111/nmo.12717
http://www.ncbi.nlm.nih.gov/pubmed/26556786
http://dx.doi.org/10.1038/nrgastro.2009.35
http://www.ncbi.nlm.nih.gov/pubmed/19404271
http://dx.doi.org/10.1136/gut.47.6.861
http://www.ncbi.nlm.nih.gov/pubmed/11076888
http://dx.doi.org/10.1016/j.biopsych.2013.05.001
http://www.ncbi.nlm.nih.gov/pubmed/23759244
http://dx.doi.org/10.1159/000051878
http://www.ncbi.nlm.nih.gov/pubmed/11244249
http://dx.doi.org/10.1136/gut.30.8.1099
http://www.ncbi.nlm.nih.gov/pubmed/2767507
http://dx.doi.org/10.1038/ajg.2013.62
http://www.ncbi.nlm.nih.gov/pubmed/23545712
http://dx.doi.org/10.1038/ajg.2014.427
http://www.ncbi.nlm.nih.gov/pubmed/25623659
http://dx.doi.org/10.1111/j.1572-0241.2007.01254.x
http://www.ncbi.nlm.nih.gov/pubmed/17488254
http://dx.doi.org/10.1001/jamainternmed.2017.0695
http://www.ncbi.nlm.nih.gov/pubmed/28350893

Nutrients 2018, 10, 1491 13 of 16

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Potter, M.D.E.; Brienesse, S.C.; Walker, M.M.; Boyle, A.; Talley, N.J. Effect of the gluten-free diet on
cardiovascular risk factors in patients with coeliac disease: A systematic review. J. Gastroenterol. Hepatol.
2018, 33, 781-791. [CrossRef] [PubMed]

Carroccio, A.; Mansueto, P.; D’Alcamo, A.; Iacono, G. Non-celiac wheat sensitivity as an allergic condition:
Personal experience and narrative review. Am. |. Gastroenterol. 2013, 108, 1845-1852. [CrossRef] [PubMed]
Biesiekierski, J.R.; Newnham, E.D.; Irving, PM.; Barrett, J.S.; Haines, M.; Doecke, J.D.; Shepherd, S.J.;
Muir, J.G.; Gibson, PR. Gluten causes gastrointestinal symptoms in subjects without celiac disease:
A double-blind randomized placebo-controlled trial. Am. J. Gastroenterol. 2011, 106, 508-514. [CrossRef]
[PubMed]

Van Tilburg, M.A.; Felix, C.T. Diet and functional abdominal pain in children and adolescents. J. Pediatr.
Gastroenterol. Nutr. 2013, 57, 141-148. [CrossRef] [PubMed]

Cuomo, R.; Andreozzi, P; Zito, EP,; Passananti, V.; De Carlo, G.; Sarnelli, G. Irritable bowel syndrome and
food interaction. World |. Gastroenterol. 2014, 20, 8837-8845. [PubMed]

De Giorgio, R.; Volta, U.; Gibson, P.R. Sensitivity to wheat, gluten and FODMAPs in IBS: Facts or fiction?
Gut 2016, 65, 169-178. [CrossRef] [PubMed]

Ludvigsson, J.F; Leffler, D.A.; Bai, J.C.; Biagi, F; Fasano, A.; Green, P.H.; Hadjivassiliou, M.; Kaukinen, K;
Kelly, C.P,; Leonard, ].N.; et al. The Oslo definitions for coeliac disease and related terms. Gut 2013, 62, 43-52.
[CrossRef] [PubMed]

Verdu, E.E; Armstrong, D.; Murray, J.A. Between celiac disease and irritable bowel syndrome: The “no
man’s land” of gluten sensitivity. Am. |. Gastroenterol. 2009, 104, 1587-1594. [CrossRef] [PubMed]

de Punder, K.; Pruimboom, L. The dietary intake of wheat and other cereal grains and their role in
inflammation. Nutrients 2013, 5, 771-787. [CrossRef] [PubMed]

Verdu, E.F,; Huang, X.; Natividad, J.; Lu, ]J.; Blennerhassett, P.A.; David, C.S.; McKay, D.M.; Murry, J.A.
Gliadin-dependent neuromuscular and epithelial secretory responses in gluten-sensitive HLA-DQ8
transgenic mice. Am. J. Physiol. Gastrointest. Liver Physiol. 2008, 294, G217-G225. [CrossRef] [PubMed]
Cinova, J.; Palova-Jelinkova, L.; Smythies, L.E.; Cerna, M.; Pecharova, B.; Dvorak, M.; Fruhauf, P;
Tlaskalova-hogenova, H.; Smith, P.D.; Tu¢kova, L. Gliadin peptides activate blood monocytes from patients
with celiac disease. J. Clin. Immunol. 2007, 27, 201-209. [CrossRef] [PubMed]

Choung, R.S.; Unalp-Arida, A.; Ruhl, C.E.; Brantner, T.L.; Everhart, ].E.; Murray, J.A. Less hidden celiac
disease but increased gluten avoidance without a diagnosis in the united states: Findings from the national
health and nutrition examination surveys from 2009 to 2014. Mayo Clin. Proc. 2016. [CrossRef]
Cabrera-Chavez, E; Dezar, G.V.; Islas-Zamorano, A.P.; Espinoza-Alderete, ].G.; Vergara-Jimenez, M.J.;
Magana-Ordorica, D.; Ontiveros, N. Prevalence of self-reported gluten sensitivity and adherence to a
gluten-free diet in Argentinian adult population. Nutrients 2017, 9, 81. [CrossRef] [PubMed]
Cabrera-Chavez, F; Granda-Restrepo, D.M.; Aramburo-Galvez, ].G,; Franco-Aguilar, A
Magana-Ordorica, D.; Vergara-Jimenez Mde, J.; Ontiveros, N. Self-reported prevalence of gluten-related
disorders and adherence to gluten-free diet in Colombian adult population. Gastroenterol. Res. Pract. 2016,
2016, 4704309. [CrossRef] [PubMed]

van Gils, T.; Nijeboer, P; IJssennagger, C.E.; Sanders, D.S.; Mulder, C.J.; Bouma, G. Prevalence and
characterization of self-reported gluten sensitivity in the Netherlands. Nutrients 2016, 8, 714. [CrossRef]
[PubMed]

Golley, S.; Corsini, N.; Topping, D.; Morell, M.; Mohr, P. Motivations for avoiding wheat consumption in
Australia: Results from a population survey. Public Health Nutr. 2015, 18, 490-499. [CrossRef] [PubMed]
Ontiveros, N.; Lopez-Gallardo, J.A.; Vergara-Jimenez, M.].; Cabrera-Chavez, F. Self-reported prevalence of
symptomatic adverse reactions to gluten and adherence to gluten-free diet in an adult Mexican population.
Nutrients 2015, 7, 6000-6015. [CrossRef] [PubMed]

Aziz, I.; Lewis, N.R.; Hadjivassiliou, M.; Winfield, S.N.; Rugg, N.; Kelsall, A.; Newrick, A.; Sanders, D.S.
A UK study assessing the population prevalence of self-reported gluten sensitivity and referral characteristics
to secondary care. Eur. |. Gastroenterol. Hepatol. 2014, 26, 33-39. [CrossRef] [PubMed]

Tanpowpong, P.; Ingham, T.R.; Lampshire, PK.; Kirchberg, EE; Epton, M.].; Crane, J.; Camarhgo, C.A.
Coeliac disease and gluten avoidance in New Zealand children. Arch. Dis. Child. 2012, 97, 12-16. [CrossRef]
[PubMed]


http://dx.doi.org/10.1111/jgh.14039
http://www.ncbi.nlm.nih.gov/pubmed/29105146
http://dx.doi.org/10.1038/ajg.2013.353
http://www.ncbi.nlm.nih.gov/pubmed/24169272
http://dx.doi.org/10.1038/ajg.2010.487
http://www.ncbi.nlm.nih.gov/pubmed/21224837
http://dx.doi.org/10.1097/MPG.0b013e31829ae5c5
http://www.ncbi.nlm.nih.gov/pubmed/23698023
http://www.ncbi.nlm.nih.gov/pubmed/25083057
http://dx.doi.org/10.1136/gutjnl-2015-309757
http://www.ncbi.nlm.nih.gov/pubmed/26078292
http://dx.doi.org/10.1136/gutjnl-2011-301346
http://www.ncbi.nlm.nih.gov/pubmed/22345659
http://dx.doi.org/10.1038/ajg.2009.188
http://www.ncbi.nlm.nih.gov/pubmed/19455131
http://dx.doi.org/10.3390/nu5030771
http://www.ncbi.nlm.nih.gov/pubmed/23482055
http://dx.doi.org/10.1152/ajpgi.00225.2007
http://www.ncbi.nlm.nih.gov/pubmed/18006603
http://dx.doi.org/10.1007/s10875-006-9061-z
http://www.ncbi.nlm.nih.gov/pubmed/17260166
http://dx.doi.org/10.1016/j.mayocp.2016.10.012
http://dx.doi.org/10.3390/nu9010081
http://www.ncbi.nlm.nih.gov/pubmed/28117706
http://dx.doi.org/10.1155/2016/4704309
http://www.ncbi.nlm.nih.gov/pubmed/27648068
http://dx.doi.org/10.3390/nu8110714
http://www.ncbi.nlm.nih.gov/pubmed/27834802
http://dx.doi.org/10.1017/S1368980014000652
http://www.ncbi.nlm.nih.gov/pubmed/24739252
http://dx.doi.org/10.3390/nu7075267
http://www.ncbi.nlm.nih.gov/pubmed/26197336
http://dx.doi.org/10.1097/01.meg.0000435546.87251.f7
http://www.ncbi.nlm.nih.gov/pubmed/24216570
http://dx.doi.org/10.1136/archdischild-2011-300248
http://www.ncbi.nlm.nih.gov/pubmed/22075107

Nutrients 2018, 10, 1491 14 of 16

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Carroccio, A.; Giambalvo, O.; Blasca, F,; Iacobucci, R.; D’Alcamo, A.; Mansueto, P. Self-reported non-celiac
wheat sensitivity in high school students: Demographic and clinical characteristics. Nutrients 2017, 9, 771.
[CrossRef] [PubMed]

Nikulina, M.; Habich, C.; Flohe, S.B.; Scott, EW.; Kolb, H. Wheat gluten causes dendritic cell maturation and
chemokine secretion. J. Immunol. 2004, 173, 1925-1933. [CrossRef] [PubMed]

Vitale, S.; Picascia, S.; Gianfrani, C. The cross-talk between enterocytes and intraepithelial lymphocytes.
Mol. Cell. Pediatr. 2016, 3, 20. [CrossRef] [PubMed]

Boyce, J.A.; Assa’ad, A.; Burks, A.W.; Jones, S.M.; Sampson, H.A.; Wood, R.A.; Plaut, M.; Cooper, S.E;
Fenton, M.J.; Arshad, S.H.; et al. Guidelines for the diagnosis and management of food allergy in the United
States: Summary of the NIAID-Sponsored expert panel report. J. Allergy Clin. Immunol. 2010, 126, 1105-1118.
[CrossRef] [PubMed]

Vazquez-Roque, M.I,; Camilleri, M.; Smyrk, T.; Murray, ].A.; Marietta, E.; O’Neill, J.; Carlson, P.; Lamsam, J.;
Janzow, D.; Eckert, D.; et al. A controlled trial of gluten-free diet in patients with irritable bowel
syndrome-diarrhea: Effects on bowel frequency and intestinal function. Gastroenterology 2013, 144, 903-911.
[CrossRef] [PubMed]

Fritscher-Ravens, A.; Schuppan, D.; Ellrichmann, M.; Schoch, S.; Rocken, C.; Brasch, J.; Bethge, J.; Bottner, M.;
Klose, J.; Milla, P.J. Confocal endomicroscopy shows food-associated changes in the intestinal mucosa of
patients with irritable bowel syndrome. Gastroenterology 2014, 147, 1012-1020. [CrossRef] [PubMed]
Rodes, L.; Khan, A.; Paul, A.; Coussa-Charley, M.; Marinescu, D.; Tomaro-Duchesneau, C.; Shao, W,;
Kahouli, I; Prakash, S. Effect of probiotics Lactobacillus and Bifidobacterium on gut-derived
lipopolysaccharides and inflammatory cytokines: An in vitro study using a human colonic microbiota
model. J. Microbiol. Biotechnol. 2013, 23, 18-26. [CrossRef]

Sapone, A.; Lammers, K.M.; Mazzarella, G.; Mikhailenko, I.; Carteni, M.; Casolaro, V.; Fasano, A. Differential
mucosal IL-17 expression in two gliadin-induced disorders: Gluten sensitivity and the autoimmune
enteropathy celiac disease. Int. Arch. Allergy Immunol. 2010, 152, 75-80. [CrossRef] [PubMed]

Brottveit, M.; Beitnes, A.C.; Tollefsen, S.; Bratlie, J.E.; Jahnsen, F.L.; Johansen, FE.; Sollid, L.M.; Lundin, K.E.
Mucosal cytokine response after short-term gluten challenge in celiac disease and non-celiac gluten sensitivity.
Am. ]. Gastroenterol. 2013, 108, 842-850. [CrossRef] [PubMed]

Barbara, G.; Zecchi, L.; Barbaro, R.; Cremon, C.; Bellacosa, L.; Marcellini, M.; De Giorgio, R.; Corinaldesi, R.;
Stanghellini, V. Mucosal permeability and immune activation as potential therapeutic targets of probiotics in
irritable bowel syndrome. J. Clin Gastroenterol. 2012, 46, S52-S55. [CrossRef] [PubMed]

Bures, J.; Cyrany, J.; Kohoutova, D.; Forstl, M.; Rejchrt, S.; Kvetina, J.; Vorisek, V.; Kopacova, M. Small
intestinal bacterial overgrowth syndrome. World ]. Gastroenterol. 2010, 16, 2978-2990. [CrossRef] [PubMed]
Tursi, A.; Brandimarte, G.; Giorgetti, G. High prevalence of small intestinal bacterial overgrowth in celiac
patients with persistence of gastrointestinal symptoms after gluten withdrawal. Am. J. Gastroenterol. 2003,
98, 839-843. [CrossRef] [PubMed]

DiGiacomo, D.V,; Tennyson, C.A.; Green, PH.; Demmer, R.T. Prevalence of gluten-free diet adherence among
individuals without celiac disease in the USA: Results from the continuous national health and nutrition
examination survey 2009-2010. Scand. |. Gastroenterol. 2013, 48, 921-925. [CrossRef] [PubMed]

Sapone, A.; Bai, J.C.; Ciacci, C.; Dolinsek, J.; Green, P.H.; Hadjivassiliou, M.; Kaukinen, K.; Rostami, K.;
Sanders, D.S. Schumann, M.; et al. Spectrum of gluten-related disorders: Consensus on new nomenclature
and classification. BMC Med. 2012, 10, 13. [CrossRef] [PubMed]

Volta, U.; Bardella, M.T.; Calabro, A.; Troncone, R.; Corazza, G.R.; Study Group for Non-Celiac Gluten, S.
An Italian prospective multicenter survey on patients suspected of having non-celiac gluten sensitivity. BMIC
Med. 2014, 12, 85. [CrossRef] [PubMed]

Francavilla, R.; Cristofori, F.; Castellaneta, S.; Polloni, C.; Albano, V.; Dellatte, S.; Indrio, F.; Cavallo, L.;
Catassi, C. Clinical, serologic, and histologic features of gluten sensitivity in children. ]. Pediatr. 2014,
164, 463-467. [CrossRef] [PubMed]

Mastrototaro, L.; Castellaneta, S.; Gentile, A.; Fontana, C.; Tandoi, E.; Dellate, S.; Romagnoli, V.; Catassi, C.;
Francavilla, R. Gluten sensitivity in children: Clinical, serological, genetic and histological description of the
first paediatric series. Dig. Liver Dis. 2012, 44 (Suppl. 4), S254-5S255. [CrossRef]


http://dx.doi.org/10.3390/nu9070771
http://www.ncbi.nlm.nih.gov/pubmed/28753927
http://dx.doi.org/10.4049/jimmunol.173.3.1925
http://www.ncbi.nlm.nih.gov/pubmed/15265926
http://dx.doi.org/10.1186/s40348-016-0048-4
http://www.ncbi.nlm.nih.gov/pubmed/27251606
http://dx.doi.org/10.1016/j.jaci.2010.10.008
http://www.ncbi.nlm.nih.gov/pubmed/21134568
http://dx.doi.org/10.1053/j.gastro.2013.01.049
http://www.ncbi.nlm.nih.gov/pubmed/23357715
http://dx.doi.org/10.1053/j.gastro.2014.07.046
http://www.ncbi.nlm.nih.gov/pubmed/25083606
http://dx.doi.org/10.4014/jmb.1205.05018
http://dx.doi.org/10.1159/000260087
http://www.ncbi.nlm.nih.gov/pubmed/19940509
http://dx.doi.org/10.1038/ajg.2013.91
http://www.ncbi.nlm.nih.gov/pubmed/23588237
http://dx.doi.org/10.1097/MCG.0b013e318264e918
http://www.ncbi.nlm.nih.gov/pubmed/22955358
http://dx.doi.org/10.3748/wjg.v16.i24.2978
http://www.ncbi.nlm.nih.gov/pubmed/20572300
http://dx.doi.org/10.1111/j.1572-0241.2003.07379.x
http://www.ncbi.nlm.nih.gov/pubmed/12738465
http://dx.doi.org/10.3109/00365521.2013.809598
http://www.ncbi.nlm.nih.gov/pubmed/23834276
http://dx.doi.org/10.1186/1741-7015-10-13
http://www.ncbi.nlm.nih.gov/pubmed/22313950
http://dx.doi.org/10.1186/1741-7015-12-85
http://www.ncbi.nlm.nih.gov/pubmed/24885375
http://dx.doi.org/10.1016/j.jpeds.2013.10.007
http://www.ncbi.nlm.nih.gov/pubmed/24252792
http://dx.doi.org/10.1016/S1590-8658(12)60659-8

Nutrients 2018, 10, 1491 15 of 16

86.

87.

88.

89.

90.
91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Catassi, C.; Elli, L.; Bonaz, B.; Bouma, G.; Carroccio, A.; Castillejo, G.; Cellier, C.; Cristofori, F.; de Magistris, L.;
Dolinsek, J.; Dieterich, W.; et al. Diagnosis of Non-Celiac Gluten Sensitivity (NCGS): The salerno experts’
criteria. Nutrients 2015, 7, 4966-4977. [CrossRef] [PubMed]

Catassi, C.; Bai, ].C.; Bonaz, B.; Bouma, G.; Calabro, A.; Carroccio, A.; Castillejo, G.; Ciacci, C.; Cristofori, F.;
Dolinsek, J.; et al. Non-Celiac gluten sensitivity: The new frontier of gluten related disorders. Nutrients 2013,
5, 3839-3853. [CrossRef] [PubMed]

Leonard, M.M.; Sapone, A.; Catassi, C.; Fasano, A. Celiac Disease and nonceliac gluten sensitivity: A Review.
JAMA 2017, 318, 647-656. [CrossRef] [PubMed]

Santolaria Piedrafita, S.; Fernandez Banares, F. Gluten-sensitive enteropathy and functional dyspepsia.
Gastroenterol. Hepatol. 2012, 35, 78-88. [CrossRef] [PubMed]

Catassi, C. Gluten sensitivity. Ann. Nutr. Metab. 2015, 67 (Suppl. 2), 16-26. [CrossRef] [PubMed]

Caio, G.; Volta, U.; Tovoli, F; De Giorgio, R. Effect of gluten free diet on immune response to gliadin in
patients with non-celiac gluten sensitivity. BMIC Gastroenterol. 2014, 14, 26. [CrossRef] [PubMed]

Husby, S.; Koletzko, S.; Korponay-Szabo, I.R.; Mearin, M.L.; Phillips, A.; Shamir, R.; Troncone, R.;
Giersiepen, K.; Branski, D.; Catassi, C.; et al. European society for pediatric gastroenterology, hepatology,
and nutrition guidelines for the diagnosis of coeliac disease. J. Pediatr. Gastroenterol. Nutr. 2012, 54, 136-160.
[CrossRef] [PubMed]

Langshaw, A.H.; Rosen, ].M.; Pensabene, L.; Borrelli, O.; Salvatore, S.; Thapar, N.; Thpar, N.; Concolino, D.;
Saps, M. Overlap between functional abdominal pain disorders and organic diseases in children.
Rev. Gastroenterol. Mex. 2018, 83, 268-274. [CrossRef] [PubMed]

Ford, A.C.; Chey, W.D.; Talley, N.J.; Malhotra, A.; Spiegel, B.M.; Moayyedi, P. Yield of diagnostic tests for
celiac disease in individuals with symptoms suggestive of irritable bowel syndrome: Systematic review and
meta-analysis. Arch. Intern. Med. 2009, 169, 651-658. [CrossRef] [PubMed]

Sanders, D.S.; Carter, M.].; Hurlstone, D.P,; Pearce, A.; Ward, A.M.; McAlindon, M.E.; Lobo, A.]. Association
of adult coeliac disease with irritable bowel syndrome: A case-control study in patients fulfilling ROME II
criteria referred to secondary care. Lancet 2001, 358, 1504-1508. [CrossRef]

Zuo, X.L,; Li, Y.Q.; Li, W],; Guo, Y.T,; Lu, X.F; Li, ].M.; Desmond, P.V. Alterations of food antigen-specific
serum immunoglobulins G and E antibodies in patients with irritable bowel syndrome and functional
dyspepsia. Clin. Exp. Allergy 2007, 37, 823-830. [CrossRef] [PubMed]

Sainsbury, A.; Sanders, D.S.; Ford, A.C. Prevalence of irritable bowel syndrome-type symptoms in patients
with celiac disease: A meta-analysis. Clin. Gastroenterol. Hepatol. 2013, 11, 359-365. [CrossRef] [PubMed]
El-Salhy, M.; Lomholt-Beck, B.; Gundersen, D. The prevalence of celiac disease in patients with irritable
bowel syndrome. Mol. Med. Rep. 2011, 4, 403-405. [CrossRef] [PubMed]

Korkut, E.; Bektas, M.; Oztas, E.; Kurt, M.; Cetinkaya, H.; Ozden, A. The prevalence of celiac disease in
patients fulfilling Rome III criteria for irritable bowel syndrome. Eur. J. Intern. Med. 2010, 21, 389-392.
[CrossRef] [PubMed]

Jadallah, K.A.; Khader, Y.S. Celiac disease in patients with presumed irritable bowel syndrome:
A case-finding study. World ]. Gastroenterol. 2009, 15, 5321-5325. [CrossRef] [PubMed]

Pulido, O.; Zarkadas, M.; Dubois, S.; Macisaac, K.; Cantin, I.; La Vieille, S.; Goderfroy, S.; Rashid, M.
Clinical features and symptom recovery on a gluten-free diet in Canadian adults with celiac disease.
Can. ]. Gastroenterol. 2013, 27, 449-453. [CrossRef] [PubMed]

Murray, J.A.; Watson, T.; Clearman, B.; Mitros, F. Effect of a gluten-free diet on gastrointestinal symptoms in
celiac disease. Am. J. Clin. Nutr. 2004, 79, 669-673. [CrossRef] [PubMed]

Irvine, A.J.; Chey, W.D.; Ford, A.C. Screening for celiac disease in irritable bowel syndrome: An updated
systematic review and meta-analysis. Am. ]. Gastroenterol. 2017, 112, 65-76. [CrossRef] [PubMed]
Cristofori, F; Fontana, C.; Magista, A.; Capriati, T.; Indrio, F; Castellaneta, S.; Cavallo, L.; Francavilla, R.
Increased prevalence of celiac disease among pediatric patients with irritable bowel syndrome: A 6-year
prospective cohort study. JAMA Pediatr. 2014, 168, 555-560. [CrossRef] [PubMed]

Fitzpatrick, K.P.; Sherman, PM.; Ipp, M.; Saunders, N.; Macarthur, C. Screening for celiac disease in children
with recurrent abdominal pain. J. Pediatr. Gastroenterol. Nutr. 2001, 33, 250-252. [CrossRef] [PubMed]
Hyams, J.S.; Treem, W.R,; Justinich, C.J.; Davis, P.; Shoup, M.; Burke, G. Characterization of symptoms
in children with recurrent abdominal pain: Resemblance to irritable bowel syndrome. ]. Pediatr.
Gastroenterol. Nutr. 1995, 20, 209-214. [CrossRef] [PubMed]


http://dx.doi.org/10.3390/nu7064966
http://www.ncbi.nlm.nih.gov/pubmed/26096570
http://dx.doi.org/10.3390/nu5103839
http://www.ncbi.nlm.nih.gov/pubmed/24077239
http://dx.doi.org/10.1001/jama.2017.9730
http://www.ncbi.nlm.nih.gov/pubmed/28810029
http://dx.doi.org/10.1016/j.gastrohep.2011.10.006
http://www.ncbi.nlm.nih.gov/pubmed/22177265
http://dx.doi.org/10.1159/000440990
http://www.ncbi.nlm.nih.gov/pubmed/26605537
http://dx.doi.org/10.1186/1471-230X-14-26
http://www.ncbi.nlm.nih.gov/pubmed/24524388
http://dx.doi.org/10.1097/MPG.0b013e31821a23d0
http://www.ncbi.nlm.nih.gov/pubmed/22197856
http://dx.doi.org/10.1016/j.rgmxen.2018.05.008
http://www.ncbi.nlm.nih.gov/pubmed/29622363
http://dx.doi.org/10.1001/archinternmed.2009.22
http://www.ncbi.nlm.nih.gov/pubmed/19364994
http://dx.doi.org/10.1016/S0140-6736(01)06581-3
http://dx.doi.org/10.1111/j.1365-2222.2007.02727.x
http://www.ncbi.nlm.nih.gov/pubmed/17517095
http://dx.doi.org/10.1016/j.cgh.2012.11.033
http://www.ncbi.nlm.nih.gov/pubmed/23246645
http://dx.doi.org/10.3892/mmr.2011.466
http://www.ncbi.nlm.nih.gov/pubmed/21468583
http://dx.doi.org/10.1016/j.ejim.2010.06.004
http://www.ncbi.nlm.nih.gov/pubmed/20816591
http://dx.doi.org/10.3748/wjg.15.5321
http://www.ncbi.nlm.nih.gov/pubmed/19908341
http://dx.doi.org/10.1155/2013/741740
http://www.ncbi.nlm.nih.gov/pubmed/23936873
http://dx.doi.org/10.1093/ajcn/79.4.669
http://www.ncbi.nlm.nih.gov/pubmed/15051613
http://dx.doi.org/10.1038/ajg.2016.466
http://www.ncbi.nlm.nih.gov/pubmed/27753436
http://dx.doi.org/10.1001/jamapediatrics.2013.4984
http://www.ncbi.nlm.nih.gov/pubmed/24756157
http://dx.doi.org/10.1097/00005176-200109000-00004
http://www.ncbi.nlm.nih.gov/pubmed/11593117
http://dx.doi.org/10.1097/00005176-199502000-00012
http://www.ncbi.nlm.nih.gov/pubmed/7714688

Nutrients 2018, 10, 1491 16 of 16

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Turco, R.; Boccia, G.; Miele, E.; Giannetti, E.; Buonavolonta, R.; Quitadamo, P.; Auricchio, R.; Staiano, A.
The association of coeliac disease in childhood with functional gastrointestinal disorders: A prospective
study in patients fulfilling Rome III criteria. Aliment. Pharmacol. Ther. 2011, 34, 783-789. [CrossRef] [PubMed]
Saps, M.; Pensabene, L.; Di Martino, L.; Staiano, A.; Wechsler, ].; Zheng, X.; Di Lorenzo, C. Post-infectious
functional gastrointestinal disorders in children. J. Pediatr. 2008, 152, 812-816. [CrossRef] [PubMed]
Pensabene, L.; Talarico, V.; Concolino, D.; Ciliberto, D.; Campanozzi, A.; Gentile, T.; Rutigliano, V.;
Salvatore, S.; Staiano, A.; Di Lorenzo, C. Postinfectious functional gastrointestinal disorders in children:
A multicenter prospective study. J. Pediatr. 2015, 166, 903-907. [CrossRef] [PubMed]

Saps, M.; Sansotta, N.; Bingham, S.; Magazzu, G.; Grosso, C.; Romano, S.; Pusatcioglu, C.; Guandalini, S.
Abdominal pain-associated functional gastrointestinal disorder prevalence in children and adolescents with
celiac disease on gluten-free diet: A multinational study. J. Pediatr. 2017, 182, 150-154. [CrossRef] [PubMed]
Saps, M.; Adams, P.; Bonilla, S.; Nichols-Vinueza, D. Abdominal pain and functional gastrointestinal
disorders in children with celiac disease. J. Pediatr. 2013, 162, 505-509. [CrossRef] [PubMed]

Cranney, A.; Zarkadas, M.; Graham, 1.D.; Butzner, ].D.; Rashid, M.; Warren, R.; Molly, M; Case, S.; Burrows, V.;
Switzer, C. Canadian Celiac Health Survey. Dig. Dis. Sci. 2007, 52, 1087-1095. [CrossRef] [PubMed]

Gray, A.M.; Papanicolas, I.N. Impact of symptoms on quality of life before and after diagnosis of coeliac
disease: Results from a UK population survey. BMC Health Serv. Res. 2010, 10, 105. [CrossRef] [PubMed]
Green, PH.R; Stavropoulos, S.N.; Panagi, S.G.; Goldstein, S.L.; McMahon, D.J.; Absan, H.; Neugut, A.L
Characteristics of adult celiac disease in the USA: Results of a national survey. Am. J. Gastroenterol. 2001,
96, 126-131. [CrossRef] [PubMed]

Wahnschaffe, U.; Schulzke, ].D.; Zeitz, M.; Ullrich, R. Predictors of clinical response to gluten-free diet in
patients diagnosed with diarrhea-predominant irritable bowel syndrome. Clin. Gastroenterol. Hepatol. 2007,
5,844-850. [CrossRef] [PubMed]

Di Sabatino, A.; Volta, U.; Salvatore, C.; Biancheri, P,; Caio, G.; De Giorgio, R.; Di Stefano, M.; Corazza, G.R.
Small amounts of gluten in subjects with suspected nonceliac gluten sensitivity: A randomized, double-blind,
placebo-controlled, cross-over trial. Clin. Gastroenterol. Hepatol. 2015, 13, 1604-1612. [CrossRef] [PubMed]
Zanini, B.; Basche, R.; Ferraresi, A.; Ricci, C.; Lanzarotto, F.; Marullo, M.; Villanacci, V.; Hidalgo, A.; Lanzini, A.
Randomised clinical study: Gluten challenge induces symptom recurrence in only a minority of patients
who meet clinical criteria for non-coeliac gluten sensitivity. Aliment. Pharmacol. Ther. 2015, 42, 968-976.
[CrossRef] [PubMed]

Elli, L.; Tomba, C.; Branchi, F.; Roncoroni, L.; Lombardo, V.; Bardella, M.T.; Ferretti, F.; Conte, D.; Valiante, F,;
Fini, L.; et al. Evidence for the presence of non-celiac gluten sensitivity in patients with functional
gastrointestinal symptoms: Results from a multicenter randomized double-blind placebo-controlled gluten
challenge. Nutrients 2016, 8, 84. [CrossRef] [PubMed]

Biesiekierski, J.R.; Peters, S.L.; Newnham, E.D.; Rosella, O.; Muir, ].G.; Gibson, P.R. No effects of gluten
in patients with self-reported non-celiac gluten sensitivity after dietary reduction of fermentable, poorly
absorbed, short-chain carbohydrates. Gastroenterology 2013, 145, 320-328. [CrossRef] [PubMed]

Kinsey, L.; Burden, S.T.; Bannerman, E. A dietary survey to determine if patients with coeliac disease
are meeting current healthy eating guidelines and how their diet compares to that of the British general
population. Eur. J. Clin Nutr. 2008, 62, 1333-1342. [CrossRef] [PubMed]

Bardella, M.T.; Fredella, C.; Prampolini, L.; Molteni, N.; Giunta, A.M.; Bianchi, P.A. Body composition and
dietary intakes in adult celiac disease patients consuming a strict gluten-free diet. Am. J. Clin. Nutr. 2000,
72,937-939. [CrossRef] [PubMed]

Wild, D.; Robins, G.G.; Burley, V.J.; Howdle, P.D. Evidence of high sugar intake, and low fibre and mineral
intake, in the gluten-free diet. Aliment. Pharmacol. Ther. 2010, 32, 573-581. [CrossRef] [PubMed]

Dall’Asta, C.; Scarlato, A.P; Galaverna, G.; Brighenti, E; Pellegrini, N. Dietary exposure to fumonisins and
evaluation of nutrient intake in a group of adult celiac patients on a gluten-free diet. Mol. Nutr. Food Res.
2012, 56, 632-640. [CrossRef] [PubMed]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1111/j.1365-2036.2011.04787.x
http://www.ncbi.nlm.nih.gov/pubmed/21790684
http://dx.doi.org/10.1016/j.jpeds.2007.11.042
http://www.ncbi.nlm.nih.gov/pubmed/18492522
http://dx.doi.org/10.1016/j.jpeds.2014.12.050
http://www.ncbi.nlm.nih.gov/pubmed/25661403
http://dx.doi.org/10.1016/j.jpeds.2016.11.049
http://www.ncbi.nlm.nih.gov/pubmed/27979583
http://dx.doi.org/10.1016/j.jpeds.2012.08.032
http://www.ncbi.nlm.nih.gov/pubmed/23058293
http://dx.doi.org/10.1007/s10620-006-9258-2
http://www.ncbi.nlm.nih.gov/pubmed/17318390
http://dx.doi.org/10.1186/1472-6963-10-105
http://www.ncbi.nlm.nih.gov/pubmed/20423498
http://dx.doi.org/10.1111/j.1572-0241.2001.03462.x
http://www.ncbi.nlm.nih.gov/pubmed/11197241
http://dx.doi.org/10.1016/j.cgh.2007.03.021
http://www.ncbi.nlm.nih.gov/pubmed/17553753
http://dx.doi.org/10.1016/j.cgh.2015.01.029
http://www.ncbi.nlm.nih.gov/pubmed/25701700
http://dx.doi.org/10.1111/apt.13372
http://www.ncbi.nlm.nih.gov/pubmed/26310131
http://dx.doi.org/10.3390/nu8020084
http://www.ncbi.nlm.nih.gov/pubmed/26867199
http://dx.doi.org/10.1053/j.gastro.2013.04.051
http://www.ncbi.nlm.nih.gov/pubmed/23648697
http://dx.doi.org/10.1038/sj.ejcn.1602856
http://www.ncbi.nlm.nih.gov/pubmed/17700651
http://dx.doi.org/10.1093/ajcn/72.4.937
http://www.ncbi.nlm.nih.gov/pubmed/11010934
http://dx.doi.org/10.1111/j.1365-2036.2010.04386.x
http://www.ncbi.nlm.nih.gov/pubmed/20528829
http://dx.doi.org/10.1002/mnfr.201100515
http://www.ncbi.nlm.nih.gov/pubmed/22495987
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Pathogenesis of FGID and FAPD 
	Gluten as a Factor in FAPDs 
	Non-Celiac Gluten Sensitivity and FAPD 
	Celiac Disease and FAPD 
	Evidence to Recommend Gluten Elimination Diet as a Treatment in Patients with FAPD 
	Conclusions 
	References

