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Abstract

Gluten is one of the most abundant and widely
distributed components of food in many areas. It can be
included in wheat, barley, rye, and grains such as oats,
barley, spelt, kamut, and triticale. Gluten-containing
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grains are widely consumed; in particular, wheat is one
of the world’s primary sources of food, providing up
to 50% of the caloric intake in both industrialized and
developing countries. Until two decades ago, celiac
disease (CD) and other gluten-related disorders were
believed to be exceedingly rare outside of Europe and
were relatively ignored by health professionals and the
global media. In recent years, however, the discovery
of important diagnostic and pathogenic milestones led
CD from obscurity to global prominence. In addition,
interestingly, people feeding themselves with gluten-
free products greatly outnumber patients affected by
CD, fuelling a global consumption of gluten-free foods
with approximately $2.5 billion in United States sales
each year. The acknowledgment of other medical
conditions related to gluten that has arisen as health
problems, providing a wide spectrum of gluten-related
disorders. In February 2011, a new nomenclature for
gluten-related disorders was created at a consensus
conference in London. In this review, we analyse
innovations in the field of research that emerged after
the creation of the new classification, with particular
attention to the new European Society for Paediatric
Gastroenterology, Hepatology and Nutrition guidelines
for CD and the most recent research about non-celiac
gluten sensitivity.

Key words: Celiac disease; Wheat allergy; Gluten
sensitivity; Non-celiac gluten sensitivity; Gluten-free
diet; Gluten; Anti-gliadin antibodies
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Core tip: In recent years, there has been a widespread
diffusion of gluten-associated symptoms. Current
reactions to gluten include, but are not restricted to,
celiac disease. This review analyses this interesting
epidemiological worldwide phenomenon by discussing
the spectrum of gluten-related disorders and focusing
on their clinical features and diagnostic criteria. In
particular, this paper will cover the most important news
from European Society for Paediatric Gastroenterology,
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Hepatology and Nutrition guidelines for celiac disease
and the state of the art of non-celiac gluten sensitivity.

Tovoli F, Masi C, Guidetti E, Negrini G, Paterini P, Bolondi L.
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J Clin Cases 2015; 3(3): 275-284 Available from: URL: http://
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dx.doi.org/10.12998/wjcc.v3.13.275

INTRODUCTION

In recent years, the prevalence of a wide spectrum
of gluten-related disorders (GRDs) has increased.
This can be attributed to changes in global dietary
habits; many countries are experiencing a progressive
westernization of diet as well as worldwide diffusion
of the Mediterranean diet, which is based on a large
number of foods that incorporate gluten (including
wheat)!, In particular, consumption of wheat is
progressively replacing consumption of rice in many
countries in North Africa, the Middle East, and
Asia'®, Corn is still the most consumed cereal in the
United States; however, a trend toward an increase
in consumption of wheat is clearly evident, with an
average of $132.50 spent on wheat products per
person®.,

In addition, current wheat varieties have an higher
content in gluten compared to the past due to changes
directed by both technology and nutritional reasons.

Types of wheat cultivated for thousands of years,
such as Triticum monococcum and Triticum dicoccum,
contained smaller quantities of the highly toxic peptide
33-mer gliadin™.

The toxic effects of gluten are mediated in humans
primarily by immunologic reactions; however, the
absence of proper adaptation of gastrointestinal
reactions can also play a role®. The mechanization
of agriculture and the increasing use of industrial
pesticides have encouraged the development of new
types of wheat with a higher content of toxic peptides
of gluten, constituting a further element in the
increasing prevalence of GRDs!. Furthermore, bread
and bakery products currently contain a higher portion
of gluten than in the past because of the reduced time
of dough fermentation®..

Diagnostic tools for GRDs have progressively
improved over time'®”), In the 1980s, classification of
GRDs was very simple, because celiac disease (CD)
and dermatitis herpetiformis (DH) were the only known
diseases with a well-documented role of gluten in their
pathogenesis. More recently, gluten and other proteins
have been recognized as a possible cause of wheat
allergy (WA). In addition, more patients with intestinal
and extraintestinal symptoms related to ingestion
of gluten but without evidence of CD or WA have
been identified as potentially affected by non-celiac
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gluten sensitivity (NCGS), a disorder aknowledged
by the scientific community only in recent times'®.
Increasing complexity in the nomenclature and clinical
presentation of GRDs has led to the development of a
consensus document by a panel of 15 experts on new
classification of five heterogeneous GRDs: CD, NCGS,
WA, DH, and gluten ataxia (GA)® (Figure 1). Each
GRD exhibits a unique pathophysiological response
to ingestion of gluten, although there can show
considerable overlap in the clinical presentation.

The increased prevalence and complexity of
GRDs has inevitably sparked growing interest in
gluten-free diets (GFDs) in both scientific and non-
scientific communities. Although a GFD represents the
recommended treatment of GRDs and is believed by
many people to be an overall healthier regimen, this is
not always the casie. People following a GFD may not
meet their nutritional requirements because gluten-free
foods may not have the same dietary supplementation
as gluten-containing foods''®. However, a GFD can
contribute do meet daily nutritional requirements
provived that patients will use a healthful balance of
protein, vegetables, fruit, and ancient grains'®. Even
if gluten may not be essential for an healthy diet,
an unrequired GFD can be expensive. Furthermore,
recognizing gluten-free products can be difficult and
time consuming™"*?,

In 2010, the gluten-free food market was worth an
estimated $2.6 billion in the United States, showing
a steady increase since 2008. This upward trend
is expected to continue in the next years”'. The
growing gluten-free market may now be between
15% and 20% of the United States population**. The
increased awareness and knowledge of CD explains
only a small fraction of the development of the GFD
market, which is probably sustained also by people
with different GRDs, such as NCGS and WA. The
remaining section of the market includes people who
embark on a GFD as occasional users who do not
have a medical necessity but believe that popular
cereals are unhealthy because of their composition!*”..
Consequently, accurate diagnostic criteria for a GFD are
needed to distinguish people with a medical condition
from those who simply prefer to avoid gluten, leading
to different nutrition and follow-up strategies.

CcD

CD is an immune-mediated reaction to gluten; it is
characterized by an inappropriate T cell- mediated
immune response that causes inflammatory injury to
the small intestine in genetically predisposed subjects
carrying the HLA-DQ2 and/or -DQ8 haplotypes®. CD
represents a unique model of autoimmune disease
because relevant information is known, including the
genetic basis (HLA haplotypes) and the triggering
environmental factor (gluten). The disease
epidemiology is also well known, with the worldwide
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Autoimmune

Celiac disease Gluten ataxia

Symptomatic Silent Potential

Proposed new nomenclature and classification of gluten-related disorders.
Sapone et al. BMC Medicine 2012; 10: 13 DOI: 10.1186/1741-7015-10-12
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Figure 1 New nomenclature and proposed classification of gluten related disorders according to the the Il Consensus Conference on gluten related

disorders held in London in February 2011.

prevalence estimated to be 0.6% to 1% of the general
population*®**!, For each person diagnosed with CD,
there are at least another five or six people who have
not yet been identified, most of whom are adults
without gastrointestinal symptoms (representing the
so-called celiac iceberg)™®.

CD is a diagnostic challenge for the clinician because
it may develop at any age, even in elderly people, and
because of its polymorphic clinical presentation. The
clinical spectrum of CD includes symptomatic cases
with either intestinal or extraintestinal features as well
as silent forms revealed only by serological screening.
Intestinal manifestations of CD include diarrhoea,
weight loss, abdominal distention, and constipation.
Extraintestinal symptoms reflect the systemic nature
of the disease and include chronic fatigue, anaemia,
reduced bone mineral density, aphthous stomatitis,
high aminotransferase levels, joint/muscle pain,
and spontaneous abortions, epilepsy, peripheral
neuropathy!,

In 2012, the European Society for Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN)
Working Group decided to revise its classification
of CD. In particular, the distinction between classic
and atypical CD based on symptoms was removed,
because atypical signs and symptoms (e.g., anaemia,
reduced bone density, neuropathy) can be substantially
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more common than classic symptoms (e.g., abdominal
pain, chronic diarrhoea)®,

In such a complex clinical picture, case-finding
strategies have to be carefully planned. The most
relevant scientific organizations in this field, including
ESPGHAN, North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition, and
American College of Gastroenterology, have identified
groups of patients at particularly high risk that should
be investigated for CD. Their recommendations are
reported in Table 1%, Diagnostic algorithms for CD
consist of initial screening serological tests followed by
a confirmatory small intestinal biopsy.

Measurement of serum immunoglobulin (Ig) A
anti-tissue transglutaminase antibodies (tTG) has the
best diagnostic sensitivity for CD®"***%!, Measurement
of IgA anti-endomysial antibodies (EMA) is nearly
100% specific for CD, but it is also expensive and
operator dependent and therefore is better used as a
second-line test™!. Antibodies to deamidated gliadin
peptides (DGP) of the IgG class have been shown to be
particularly useful in patients with IgA deficiency and
children younger than three years of age®?. Even
with the most recent advancements in CD serology,
it has been reported that up to 2% of patients with
CD do not have any circulating markers of gluten
sensitivity, defining a condition of seronegative CD'.,
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Table 1 Populations at risk for celiac disease, in which investigations for celiac disease are indicated, according to the most recent

guidelines proposed by European Society for Pediatric Gastroenterology, Hepatology, and Nutrition, North American Society for
Pediatric Gastroenterology, Hepatology, and Nutrition and American College of Gastroenterology

ESPGHAN

NASPGHAN

ACG

Test children/adolescent with:

chronic or intermittent diarrhoea, growth failure, weight loss
chronic abdominal pain, cramping or distension, nausea or
vomiting, chronic constipation

short stature, delayed puberty

dermatitis herpetiformis-type rash

unexplained abnormal liver biochemistry

Iron-deficiency anaemia

repetitive fractures/osteopenia/ osteoporosis

chronic fatigue, ameorrhoea, recurrent aphthous stomatitis
First- degree family members

Type 1-diabetes mellitus

Other associated conditions'

vomiting

Test children/adolescent with:
diarrhea and failure to thrive
abdominal pain, anorexia, constipation,

short stature, delayed puberty
dermatitis herpetiformis

Iron-deficient anaemia resistant to oral iron
osteoporosis
Dental enamel hypoplasia of permanent teeth
First-degree family members

Type 1-diabetes mellitus

Other associated conditions'

Test patients with:
chronic diarrhea with weight loss
post-prandial abdominal pain, bloating

other symptoms/signs suspect for CD
unexplained abnormal liver biochemistry

other laboratory signs suspect for CD

First- degree family members
Type 1-diabetes mellitus

'Down syndrome, autoimmune thyroid disease, Turner syndrome, Williams syndrome, IgA deficiency. ESPGHAN guidelines also consider autoimmune
liver diseases. CD: Celiac disease; ESPGHAN: European Society for Pediatric Gastroenterology, Hepatology, and Nutrition; NASPGHAN: North American
Society for Pediatric Gastroenterology, Hepatology, and Nutrition; ACG: American College of Gastroenterology.

Since the advent of the Crosby-Kugler capsule,
which enabled tissue sampling and histological
examination of intestinal tissue, small intestinal biopsy
has been required to confirm the diagnosis in patients
with suspected CD and is considered the gold standard
for CD'., Interestingly, the most recent guidelines
from ESPGHAN propose that it may be possible to
avoid intestinal biopsy in children who meet the
following criteria: (1) symptoms consistent with CD;
(2) serum IgA anti-tTG levels > 10 times the upper
limit of normal (confirmed with positive anti-EMA
in a different blood sample); and (3) positive HLA-
DQ2™., It remains to be determined whether this
new clinical/laboratory standard functions as well as
the gold standard of serology plus biopsy, whether
different cutoff values for serology kits should be used,
and whether including HLA typing is necessary™.
Nevertheless, with this notable exception, biopsy is still
a required and essential element for the diagnosis of
CD according to all of the guidelines™®2*,

Histology alone, however, is not specific for the
diagnosis of CD, particularly if villous atrophy is absent.
For instance, an increase in the number of lymphocytes
in the intestinal epithelium can be found in a number
of different conditions, including small bowel bacterial
overgrowth, drug-associated enteropathy, infectious
enteritis (e.g., giardiasis and Whipple disease), Crohn’
s disease, autoimmune enteropathy, and enteropathy
associated with acquired immunodeficiency
syndrome™*, Genetic studies have identified HLA-DQ2
and -DQ8 as the major determinants of susceptibility
to CD. Because these haplotypes are common in the
general population, determination of HLA is better
suited for ruling out the presence of CD in suspicious
cases®”,

In light of the aforementioned complexities,
the final diagnosis of CD must be based on a
comprehensive evaluation of clinical, serological,

Roishidenge ~ WJCC | www.wjgnet.com

278

histological, and, when indicated, genetic elements.
This consideration is known as the “4 out of 5 rule”.

As such, four of these five criteria should be
satisfied for diagnosing CD: (1) presence of symptoms
associated with CD; (2) presence of CD-associated
autoantibodies (i.e., tTG, IgA EMA); (3) presence
of HLA-DQ2 or -DQ8 alleles; (4) duodenal biopsy
demonstrating blunting or absence of villi (Marsh III)
with > 25 lymphocytes/100 enterocytes (with cluster
of differentiation 3+ staining); and (5) melioration of
symptoms after a GFDP?,

As we improve our understanding of the
pathogenesis of CD, the interplay of genetic,
epigenetic, and environmental factors may need to be
considered as part of the diagnostic process. In this
regard, in recent years, more studies have investigated
possible novel biomarkers of CD. Intriguing studies
have identified CD4+ gluten-DQ2 tetramers in the
peripheral blood of patients with CD after a short
gluten challenge™'!. These cells were not present in
controls or in patients with CD while on a GFD. More
recently, Galatola et a/*” reported that a small gene
expression panel from peripheral blood monocytes
could discriminate between patients with active CD and
healthy controls. The intestinal microbiome is another
novel field of interest in CD, potentially leading to
further understanding of its pathogenic mechanism and
to the discovery of new markers of disease. An overall
lack of Bifidobacteria and high abundance of Firmicutes
were found in children with genetic susceptibility for
CD who had early exposure to gluten in a study by
Sellitto et al®, which examined a small cohort of at-
risk infants and controls up to 24 mo of age. The
investigators suggest that there may be predictive
ability in measuring such biomarkers. Viitasalo et
al®* found significant evidence of high levels of
antibodies to ASCA (anti-Saccharomyces cerevisiae
antibodies), OmpW (Bacteroides caccae TonB-linked
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outer membrane protein), and I2 (Pseudomonas
fluorescens—associated sequence) in patients with
early-stage lesions. Because antibody titres decreased
after introduction of a GFD, the investigators proposed
that Bacteroides and Pseudomonas species may play
a part in the pathogenesis of CD. These results should
encourage studies of novel biomarkers as we advance
toward the possibility of a biopsy-free diagnosis of CD
because they may add further security to the diagnosis
of CD.

DH

DH is a skin disease characterized by a blistering
rash and pathognomonic cutaneous IgA deposits™®®.
Duhring’s original description also included patients
with different conditions, such as erythema multiforme
and pemphigus.

Differently from other GRDs, the prevalence of DH
is higher in men than in women (1.5 to 1.9:1).

DH shares an high prevalence of HLA alleles DQ2
(90%) and DQ8 (5%) with CD"®. Even if a skin
rash or other dermatologic manifestations can be
common in untreated CD®”, DH presents with unique
characteristics. The usual clinical presentation of DH
consists of diffuse, symmetrical, grouped polymorphic
lesions consisting of erythema, urticarial plaques,
papules, herpetiform vesiculae, and blisters followed
by erosions, excoriations, and hyperpigmentation®®>?,
DH most frequently involves the extensor surfaces of
the elbows (90%), knees (30%), shoulders, sacral
region, buttocks, and face. Itching of variable intensity,
scratching, and burning sensation immediately
preceding the development of lesions are common.

Gastrointestinal symptoms in patients with DH are
uncommon (affecting approximately 10% of patients)
and usually mild®®**%), However, 65% to 75% of
patients show a celiac-type intestinal atrophy™. Even
in patients with apparently normal biopsy specimens,
an increased number of intraepithelial lymphocytes
can be found consistently with a gluten sensitization™.
Although often asymptomatic in adults, small bowel
involvement in patients with DH can be associated
with abdominal pain, diarrhoea, iron deficiency, and
reduced growth rates in children®*,

Celiac-type serological markers (anti-tTG, anti-
EMA, anti-DGP antibodies) can be typically found in DH
patients. In a recent study, Borroni et a” identified
IgA anti-epidermal transglutaminase autoantibodies
as a promising marker for the serological diagnosis of
DHM,

The revelation of IgA by immunofluorescence
staining on biopsy specimens of uninvolved skin
analysed is another key diagnostic element!!.
Differently from other autoimmune disorders such as
pemphigus, which can display homogeneous linear
IgA deposits, IgA are detected as granular or fibrillar
deposits in the dermal papillae in DH. Sometimes IgA
can be found in linear granular deposits along the
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basement membrane as well*",

Final diagnosis of Duhring disease can be made
according to the histopathologic findings on skin
specimen and presence of celiac related antibodies™*"’.
Once diagnosis have been formulated duodenal
biopsies can be avoided, as it is commonly recognized
that DH represents the skin counterpart of CD™!.,

GA

GA is perhaps the most dramatic representation of
neurological involvement in the setting of an immune
response to gluten-containing foods. It has been
defined as an otherwise unexplained sporadic ataxia
with presence of serological antibodies consistent
with a condition of sensitization to gluten™®., Its
predominant clinical manifestations include dysarthria,
dysphonia, pyramidal signs, nystagmus and other
ocular signs of cerebellar dysfunction (in up to 80%
of cases), progressive ataxia of gait associated with
myoclonus, palatal tremor, or opsoclonus'*?. Only very
few subjects with GA experience any gastrointestinal
symptoms; however, almost one-third of these
patients have histological evidence for small bowel
villous atrophy on biopsy specimens'. The precise
pathogenic mechanism of GA is not clear, but a
number of factors probably play different roles. Vitamin
deficiency (in particular, vitamin E and vitamin B1)
secondary to malabsorption in the small intestine may
play a role; however, there is also evidence for a toxic
and immune-mediated response to gluten*¥, Different
studies suggest that some subjects with GA have
both anti-gliadin antibodies and antibodies reacting
with Purkinje cells. The latter marker is not present
in patients with other causes of ataxia, resulting a
pathognomonic feature of GA™,

It is believed that the Purkinje cells of the
cerebellum share epitopes with gliadin proteins
and, as further evidence for the role of the immune
system, intravenous immune globulin therapy has
been reported to improve ataxia*. Recently, tTG6
has been identified in specimens of nervous tissue
from patients with GA™®. The molecular structure of
tTG6 is similar to the tTG2 molecule involved in the
development of CD and to the tTG3 molecule linked to
DH™, Interestingly, anti-tTG6 deposits of the IgA class
have also been found around brain vessels of patients
with GA™ and circulating anti-tTG6 antibodies appear
to be a specific and sensitive marker for GA"®, In light
of these considerations, any subject with an history of
progressive cerebellar ataxia of unknown origin should
be regarded as possibly affected by GA, and tested for
anti-gliadin antibodies (AGA), classical anti-tTG and
possibly anti-tTG6 IgG and IgA antibodies”. Patients
displaying positivity for any of these antibodies should
be followed up for one year on a GFD. Stabilization
or improvement of the ataxia associated with the
negativity of antibodies should also be evaluated after
the first year on a GFD.
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WA

WA can be defined as an adverse reaction of the
immune system to the the proteins contained in
wheat.

In the vast field of WA a further classification can
be made, distinguishing: (1) a classical form of food
allergy with involvement of gastrointestinal tract,
skin and possibly respiratory tract; (2) a typical form
of inhalant allergy (baker's asthma and rhinitis); (3)
wheat- dependent, exercise-induced anaphylaxis
(WDEIA); and (4) more rarely, a form of contact
urticaria. The role of IgE-mediated reactions in the
pathogenesis of baker’s asthma and rhinitis has been
demonstrated as early as the beginning of the 20"
century™”.

Symptoms consisting with baker’s asthma have
been referred by 4.2% of bakery workers after a single
year, increasing after 8.6% after the second working
year®®, Symptoms include rhinitis, skin itching/rash,
ocular symptoms (including tearing, itching, and
conjunctival injection), respiratory symptoms (including
coughing, wheezing, shortness of breath, and sputum
production), and “grain fever"*>!,

Alfa-amylase inhibitors are the considered the
most prominent allergen ivolved in the generation of
symptoms, but different wheat proteins can play a
role®,

Alimentary WA, in its turn, is a less common disease,
however in its most severe forms it can lead to serious
reactions, including anaphylaxis and death®?..

In contrast to CD, symptoms of WA are typical
for an IgE-mediated allergy, including itching and
swelling in the mouth, nose, eyes, and throat; skin
rash or swelling; wheezing in the respiratory tract;
gastrointestinal symptoms such as cramps, bloating,
and diarrhoea; and life-threatening anaphylaxis®™*.
Differently from CD, WA does not cause permanent
gastrointestinal damage®™*..

WDEIA is a separate form of WA that is induced
by physical exercise after ingestion of wheat. A
specific type of grain protein, w5-gliadin, acts as a
trigger factor. Exercise within three hours of wheat
consumption can induce an adverse reaction in
susceptible people. In some cases, this can also occur
when wheat is consumed directly after exercise®>?.
Patients with WDEIA can refer different symptoms,
ranging from urticaria to anaphylaxis and other severe
reactions®. Although the mechanism of physical
exercise-induced anaphylaxis is indistinguishable, an
immediate-type hypersensitivity to water/salt-insoluble
fraction of gluten has been considered to underlie this
disease!®,

Skin prick tests and IgE assays are considered
first-level studies for diagnosis of WAP!. However,
interpretation of these tests can be difficult because
different confounding factors should be considered.
First, a number of commercial kits for skin prick tests
lack in sensitivity because they do not include allergens
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deriving from the insoluble gliadin fraction. Second,
cross reactions with grass pollens may be present
(especially in adults), resulting in lower specificity™.
Testing prick by prick with raw material potentially
overcomes these problems; nevertheless a definite
diagnosis still requires an oral food challenge as a final

test in a number of cases™.

NCGS

NCGS is the “youngest” member of the GRD family
and is characterized by intestinal and extraintestinal
symptoms that occur after the ingestion of gluten-
containing food in subjects in whom CD and WA have
been ruled out. Rapid disappearance of symptoms
with a GFD and recurrence a few hours/days after
gluten reintroduction are also characteristic of this
condition™®.

The existence of NCGS was firstly postulated in
1980 by Cooper et al*’!, who described an evident
amelioration of symptoms (bloating, diarrhoea and
abdominal pain) in 6 out of 8 women after gluten
withdrawal, in absence of the diagnostic criteria for CD.

After 20 years without further mention of this
condition, Kaukinen et al®® reported in 2000 that
the majority of patients complaining gluten-related
symptoms were non actually classificable as as being
affected by CD or WA. Since they had a clear benefit
from gluten withdrawal, their condition was called
NCGS.

In the past 10 years, NCGS has received growing
attention as patients have reported more severe
nonspecific symptoms with intake of gluten by accident
than seen with classic CD™. The recent Consensus
Conference on GRD™ is a clear sign of the scientific
interest surrounding this clinical entity, even if little is
still known about NCGS, especially when compared
with current advancements in CD. For instance,
reliable studies regarding the actual prevalence of
this condition are still lacking. In current studies,
prevalence of NCGS ranges from 0.63% in a primary
care program™” to 6% in a tertiary care centre®.

The pathogenesis of NCGS is another hot topic.
Since it was first described, a link between gluten and
symptoms was suggested in subjects with NCGSP”.
Indeed, gluten itself has opioid-like activity because
gluten proteins can alter the intestinal transit time
in healthy volunteers and its action is reverted by
naloxone!®, Furthermore, an experimental model
with transgenic mice gliadin-sensitized demonstrated
increased secretion of acetylcholine from the myenteric
plexus, with consequential enhancement of muscle
contractility and increase in epithelial secretion. Gluten
withdrawal was able to revert these abnormalities'®?..
However, recent studies suggested that gluten may
not be the only triggers of NCGS, with different wheat
proteins likely playing relevant roles in this condition.
For example, some grains and cereals (such as wheat,
rye, and barley) are known to be particularly rich
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in fermentable oligosaccharides, disaccharides, and
monosaccharides and polyols (FODMAPs). In turn,
FODMAPS are known to provoke gastrointestinal
symptoms in patients with irritable bowel syndrome
through mechanisms involving gut microbiota, gas
production, and fermentation'. Similarly to irritable
bowel syndrome, FODMAPs can possibly play a role
in generating both intestinal and extraintestinal
manifestations in subjects with NCGS. Recent studies
have shown that a diet low in FODMAPs results in
improved symptoms in patients with self-reported
gluten intolerance, supporting the hypothesis of a
major role of FODMAPs compared to gluten!®*¢*,
Furthermore, wheat amylase and trypsin inhibitors, a
complex of proteins i innate immunity, could contribute
to the origination of symptoms in NCGS'”.

Because it is unclear which component of wheat-
based products is responsible for an individual’
s symptoms, it may be premature to assign all of
the blame to gluten. From a clinical point of view,
patients with NCGS may display great variability in
gastrointestinal (bloating, abdominal pain, diarrhoea,
nausea, aerophagia, aphthous stomatitis, constipation)
and extraintestinal symptoms (lack of well-being,
tiredness, headache, anxiety, foggy mind, numbness,
joint or muscle pain, skin rash, anaemia, dermatitis)®®®.

Interestingly, mood disorders in NCGS may
recognize similar pathophysiological mechanisms to
other neurological manifestations observed in gluten-
related disorders such as GA, as reiterated toxic insults
might an impaired immunological tolerance (i.e., the
so-called “toxicant induced loss of tolerance”)"®”".

Some papers also suggested a relationship
between NCGS and neuropsychiatric diseases, with a
particular regard to autism and schizophrenia, however
the responsibility of gluten in conditions affecting the
nervous system remains hot topic requiring additional
studies™®.

Other important clinical aspects of NCGS are its
frequent occurrence in first-degree relatives of patients
with CD and a straightforward prevalence in female
subjects (6:1)*®. Heterogeneity in clinical presentation
with identification of various subgroups of patients
has been noticed by some investigators'®>*®!, possibly
reflecting different pathogenic roles for the various
proteins and carbohydrates contained in wheat and
other gluten-rich cereals. Consequently, it has been
speculated that NCGS only provides the best current
description of a heterogeneous group of conditions with
the common feature of improvement in symptoms
on withdrawal of gluten”?. At this time, it appears
that NCGS is not associated with malabsorption or
nutritional deficiencies or with any increased risk of
autoimmune disorders or intestinal malignancy®*.
Therefore, differently from subjects affected by CD,
patients with NCGS should not fear contaminations
due to inadvertently introduced traces of gluten.

As noted in the preceding text, before diagnosing
NCGS other conditions such as WA or CD should
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be excluded with appropriate tests during a gluten-
containing diet.

WA should be excluded by testing for serum IgE
antibodies to gluten and wheat fractions and by
skin prick tests, while CD must be ruled out by the
negativity of celiac-specific antibodies, i.e., IgA tTG,
IgA EMA, and IgG DGP. A duodenal biopsy is also
highly recommended because of the possibility of
seronegative CD, occuring in 1%-2% of all patients
with CD™.,

HLA-DQ2 and -DQ8 aplotypes are present in 50%
of subjects with NCGS, representing a low prevalence
compared with CD (95%), only slightly higher than
in the general population (30%)™. Genetic studies
investigating non-HLA regions are still lacking and, in
general, the immunogenetics of NCGS are still non-
existent!”!],

Once identified negative criteria for the diagnosis
of NCGS, the double-blind, placebo-controlled
challenge (DBPCC) was proposed as a first positive
diagnostic criterion. DBPCC trials have been highly as
a confirmatory test for NCGS because of a possible
placebo effect generated by gluten withdrawal®.
However, a DBPCC is time-consuming and requires a
close follow-up of patients and thus is currently used
only in research.

The identification of other positive criteria and
diagnostic markers is of great interest in NCGS.
Recently, an elegant retrospective study by Kabbani et
al’™ analysed 238 patients with symptoms responsive
to GFD without prior diagnosis or exclusion of CD,
demonstrating that patients with CD and patients with
NCGS may have different clinical presentations. In
particular, patients with NCGS were less likely to have
malabsorptive symptoms, nutrient deficiency, and a
personal history of autoimmune diseases, which is
consistent with previous reports®. Consequently, the
investigators concluded that patients who improve
with a GFD but have negative findings on serology,
lack of malabsorptive symptoms, and absence of risk
factors for CD are likely to have NCGS and may not
need to routinely undergo diagnostic endoscopy!?.
Nonetheless, these interesting findings need to be
validated by future prospective studies.

In regard to serological markers, it was recently
shown that 56% of patients with NCGS have circulating
IgG AGA antibodies”™, which is consistent with the
results from other investigators®”. Interestingly,
after starting a GFD, almost all of the patients with
NCGS had normalization of AGA IgG levels, whereas
these antibodies were still present in 40% of patients
with CD after gluten withdrawal”*. Strict compliance
with and a good response to a GFD, with significant
improvement in symptoms, were significantly related
to the disappearance of AGA IgG in patients with
NCGSY¥, still, AGA IgG cannot be considered a
reliable biomarker of NCGS because it can be detected
in multiple different disorders, including autoimmune
diseases, as well as in healthy subjects. As the cost
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of DNA sequencing is spectacularly reducing, it could
be interesting for the clinicians to characterize the
different subgroups of patients with this condition!”"!.
Consequently, further research on biomarkers of NCGS
is strongly encouraged.

CONCLUSION

Based on the data presented in this report, it is
clear that clinical manifestations of GRDs cover a
wide variety of medical specialties, ranging from
gastroenterology to allergology and from neurology
to dermatology. Within the large family of GRDs, two
opposite trends seem evident. First, we have a great
deal of information about the clinical presentation,
pathogenesis, and diagnostic markers of some
diseases (with CD as a prototypic example). Second,
there are some more recently accepted conditions,
such as NCGS, with many clinical and diagnostic
aspects still to be investigated. Consequently, different
priorities are required for different situations. In
regard to CD, identification of new early microbial or
non-microbial markers represents a promising field
of interest, eventually leading to an early and non-
invasive diagnosis in the future. In the case of NCGS,
first we have to understand whether it constitutes a
singular entity or only provides the best description of
a heterogeneous group of conditions attributable to
different wheat-related food constituents. Only studies
with more homogeneous groups of patients will be
able to provide relevant information on this apparently
frequent but still elusive condition.
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