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1 Introduction

Non-celiac gluten/wheat sensitivity (NCGS/NCWS) is characterized by irritable
bowel syndrome (IBS)-like symptoms and extra-intestinal manifestations, occurring
in a few hours or days after ingestion of gluten/wheat-containing food, improving
rapidly with gluten/wheat withdrawal and relapsing soon after gluten/wheat chal-
lenge. Pre-requisite for suspecting NCGS/NCWS is the exclusion of both celiac
disease (CD) and wheat allergy (WA) when the patient is still on a gluten-con-
taining diet [1].

The terminology of this disorder is still a matter of debate. Although the first
cases of NCGS were reported in the 1970s [2, 3], this entity has been characterized
only recently (year 2010) by Sapone et al. [4] who described the clinical and
pathophysiological features of NCGS. Since then, the number of papers reporting
on NCGS has grown exponentially, as well as the number of non-celiac individuals
treated with the gluten-free diet (GFD) because of a wide array of symptoms or
conditions. However, in recent years it has become clear that wheat components
other than gluten, particularly so-called Fermentable Oligosaccharides,
Disaccharides, Monosaccharides and Polyols (FODMAPs) [5] and Amylase-
Trypsin Inhibitors (ATIs) [6], may elicit symptoms of NCGS. Since it is often
impossible to establish which wheat component/s is/are the disease trigger/s, the
disorder here described is best defined as NCWS. The major limitation of NCWS
terminology is the exclusion of other gluten-containing grains, such as rye and
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barley, that might trigger the disorder. Figure 1 shows an updated classification of
NCWS and other gluten-related disorders.

2 Epidemiology of NCWS

Due to lack of a disease biomarker, the frequency of NCWS in the general pop-
ulation is still unclear. An early estimate from the Center For Celiac Research at the
University of Maryland in Baltimore (US) suggested a NCWS prevalence of about
6% [7]. The limitation to this observation was that this is a tertiary centre seeing
patients within a fee-paying system. Due to a selection bias, this may not accurately
reflect international prevalence figures for NCWS. More recent data from the US
National Health and Nutrition Examination Surveys (NHANES) indicate that the
prevalence of NCWS increased significantly from 0.5% in 2009–10 to 1.0% in
2011–12 to 1.7% in 2013–14 in the general population [8].

NCWS has mostly been described in adults, particularly in females aged 30–
50 years [9]; however, paediatric case series have also been reported [10, 11]. In a
recent study conducted in Italy, Francavilla and coworkers investigated the
prevalence of NCWS on a sample of 1114 children affected with functional
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Fig. 1 Current classification of Gluten-Related Disorders (GRD). NCWS = non celiac wheat
sensitivity; NCGS = non celiac gluten sensitivity; FODMAP = Fermentable Oligosaccharides,
Disaccharides, monosaccharides and polyols; ATIs = Amylase-Trypsin Inhibitors
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gastrointestinal disorders (FGID) and found that 3.3% of them had “suspected”
NCWS, but only 1.1% had the diagnosis confirmed by a gluten challenge [12].
Since FGID affect about 20% of children, the estimated prevalence of NCWS in the
overall paediatric population is about 0.2–0.3%.

An emerging epidemiological issue is represented by self-reported gluten
intolerance, i.e., people excluding gluten-containing food without a medical diag-
nosis of a specific gluten-related disorder. Many individuals perceive the GFD as
healthy lifestyle practice, others erroneously believe that the GFD may help in
losing weight or improving physical fitness. These “gluten avoiders” or lifestylers
have nothing to do with true NCWS or any other gluten-related disorder, but are
widely diffused in many countries, with a prevalence of 6.2–13% [13, 14].

In conclusion, current estimates indicate that the prevalence of NCWS is around
2% in the general population and 0.2–0.3% in children.

3 Clinical Picture

As noted previously, NCWS is characterized by symptoms that usually occur soon
after wheat ingestion, disappear with wheat/gluten withdrawal, and relapse fol-
lowing wheat/gluten challenge within hours or days. Therefore, the latency between
wheat ingestion/withdraw and the appearance/disappearance of symptoms is typi-
cally much shorter in NCWS (few hours/days) than in CD (weeks/months).

The ‘classical’ presentation of NCWS is a combination of irritable bowel syn-
drome (IBS)-like symptoms, including abdominal pain, bloating, bowel habit
abnormalities (either diarrhoea or constipation), and minimal neurological mani-
festations such as ‘foggy mind’, headache and chronic fatigue. Other complaints
may include joint and muscle pain, leg or arm numbness, dermatitis (eczema or skin
rash), depression, gynaecologic problems (recurrent vaginitis and cystitis) and
anaemia, and major neurological manifestations. When seen at a specialty clinic,
many NCWS patients already report the causal relationship between the ingestion
of gluten-containing food and worsening of symptoms. In children, NCWS usually
manifests with IBS-like symptoms, such as abdominal pain and chronic diarrhoea,
while the extraintestinal manifestations are less frequent [4, 10, 15, 16].

The prevalence of IBS worldwide is 10–20% [17, 18]. Approximately 50% of
patients with gastrointestinal complaints seen in primary care have IBS-type
symptoms [19]. Patients with IBS report a reduced quality of life and there is an
associated economic and societal cost [20, 21]. Patients have always reported that
food plays an important role in their IBS-type symptoms with estimates of up to
80% of patients having postprandial symptomology, and up to 40% reporting
specific “food intolerances” [22–24]. Over the last 15 years there has been renewed
interest in the concept of dietary interventions for FGID [25, 26]. IBS dietary
research has focused on the role of two common components of the western diet,
specifically FODMAPs and gluten in relation to the induction of IBS symptoms. To
note, both these two components are found in large amounts in wheat that contains
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both gluten and fructans FODMAPs. Several randomized control trials have
demonstrated the efficacy of the low FODMAP diet. There is overlap between
NCWS and IBS-type symptoms [13, 15]. The fundamental difference between
NCWS and IBS is that patients with NCWS self-report symptoms when consuming
wheat and have identified or perceive wheat as the culprit. Conversely IBS patients
do not report wheat as a specific stimulus for their symptoms. However, previously
published literature has demonstrated that wheat is a commonly reported “food
intolerance” when IBS patients are specifically questioned [22–24].

In recent years, several studies explored the relationship between the ingestion of
gluten-containing food and the appearance of neurological and psychiatric
disorders/symptoms, an issue that is analyzed in detail in the next two paragraphs.

4 Gluten Sensitivity and Autism

Research on the effect of diet on autistic spectrum disorder (ASD) has been
increasing in recent decades. One of the most popular interventions for ASD is the
gluten-free casein-free (GFCF) diet. Although an association between CD and
autism has been anecdotally reported, the possible effect of the GFCF in children
with autism is not due to underlying CD, but to an entirely different pathophysi-
ological mechanism [27, 28]. It has been hypothesized that symptoms may be
caused by opioid peptides formed from the incomplete breakdown of foods con-
taining gluten and casein. Increased intestinal permeability, also referred to as the
‘leaky gut syndrome’, has been suspected in ASD to be part of the chain of events
that allows these peptides to cross the intestinal membrane, enter the bloodstream,
and cross the blood–brain barrier, affecting the endogenous opiate system and
neurotransmission within the nervous system. The resulting excess of opioids is
thought to lead to behaviours noted in ASD, and the removal of these substances
from the diet could determine an improvement in autistic behaviours [29]. The
leaky gut/autism connection has fuelled a strong debate within the scientific
community, which is far from being settled.

One study reported a high percentage of increased intestinal permeability, [as
established by the lactulose/mannitol (L/M) ratio], among patients with autism and
their relatives compared with normal subjects. After starting the GFD, patients with
autism had significantly lower intestinal permeability test values compared with
those who were on an unrestricted diet and controls [30]. However, Robertson et al.
[31] did not detect any changes in intestinal permeability in a small cohort of ASD
children. In another small study, neither the L/M ratio nor behavioural scores were
different between groups exposed to gluten/dairy or placebo [32]. The finding of
IgG-class antibodies directed against food antigens is considered indirect evidence
of increased intestinal permeability. Children with autism have significantly higher
levels of IgG AGA (but not IgA) compared with healthy controls, particularly those
with gastrointestinal symptoms [33]. Another study confirmed these findings and
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also reported an increase in antibodies directed to several other food allergens,
including casein and whole milk [34].

A recent study reported that levels of serological markers of an impaired gut
barrier (zonulin and intestinal fatty acid binding protein I-FABP) in children with
ASD were similar to those found in healthy control. AGA IgG were found in 27.3%
of ASD children while celiac specific antibodies (anti-TG2 IgA and anti-DPG IgG)
were negative, but increased levels of antibodies against neural TG6 were found in
6.49% of children. According to this study, the mechanism of immune activation
and gluten antibody response in ASD patients is probably not strictly connected
with increased gut permeability [35].

Despite its popularity, the efficacy of the GFCF diet in improving autistic
behaviour remains to be proven. A 2008 Cochrane review reported that only two
small randomized controlled trials investigated the effect of the GFCF diet in
children with ASD (n = 35). There were only three significant treatment effects in
favour of the diet intervention: overall autistic traits, mean difference
(MD) = −5.60; social isolation, MD = −3.20, and overall ability to communicate
and interact, MD = 1.70. In addition, three outcomes were not different between the
treatment and control group, while differences for ten outcomes could not be
analyzed because data were skewed. The review concluded that the evidence for
efficacy of these diets is poor, and large-scale good-quality randomized controlled
trials are needed [36]. Similar conclusions were reached by a recently published
systematic review on treatment of autistic children with the GFCF diet [37].

In a two-stage randomized controlled study of the GFCF diet in children with
ASD, Whiteley et al. reported significant group improvements in core autistic and
related behaviours after 8 and 12 months of diet. The results showed a less dramatic
change between children having been on diet for 8 months and those on diet for
24 months, possibly reflective of a plateau effect [38]. Analyses indicated several
factors to be potentially pertinent to a positive response to the dietary intervention
in terms of symptom presentation. Age was found to be the strongest predictor of
response, where those participants aged between 7 and 9 years seemed to derive
most benefit from the dietary intervention [39]. The above data suggest that
removing gluten from the diet may positively affect the clinical outcome in some
children diagnosed with ASD, indicating that autism may be part of the spectrum of
NCGS, at least in some cases.

On the other hand, a randomized controlled double-blind trial was performed on
74 children with ASD with severe maladaptive behavior and increased urinary
intestinal fatty acids binding protein (I-FABP, i.e. a marker of enterocyte damage)
to test the potential ‘toxicity’ of gluten/casein. Subjects on a regular diet were
randomized to receive a gluten/casein or placebo supplement for 7 days.
Administrating gluten/casein to children with ASD for 1 week did not increase
maladaptive behavior, gastrointestinal symptom severity or urinary I-FABP
excretion [40].

Another double-blind placebo-controlled study was conducted placing 14 chil-
dren with autism on gluten-free/casein-free diet for 4–6 weeks. They did not find
significant effects of the diet on autism symptoms or ASD-related behaviors [41].
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Ghalichi et al. investigated the effect of the GFD on gastrointestinal symptoms
and behavioral indices in children with ASD. The first group (40 children) was
assigned to the GFD and reported a significant decrease both in gastrointestinal
symptoms and behavioral disorders; the second group (40 children) on regular diet
did not obtain significant results. The study concluded that some children with ASD
can improve their stereotyped behaviors, communication and social interaction
following a GFD [42].

In another study, a group of patients aged 3–8 years diagnosed with ASD on
GFCF diet was compared with a patients on ketogenic diet and a control group (on
regular diet). Both diet groups reported improvement in autistic manifestations [43].

In contrast, a randomized, controlled, single-blinded trial demonstrated that there
were no differences between children with ASD after an 8-week GFD (n = 33) and
those on a gluten-containing diet (n = 33) in autistic symptoms, maladaptive
behaviors and intellectual abilities [44].

Gonzalez-Domenech et al. conducted a clinical trial to determine the influence of
a GFCF diet not only on behavior disorders in patients with ASD, but also on
urinary beta-casomorphin concentrations, which is a peptide with opioid activity
resulting from an incomplete degradation of casein in the intestine. Each patient of
the study consumed a GFCF diet for six months and a normal diet for another six
months. GFCF diet did not induce a significant change in behavioral symptoms of
autism and urinary beta-casomorphin concentrations [45].

A very recent systematic review and meta-analysis identified six RCTs inves-
tigating a GFCF diet compared to a regular diet in children aged 3 to 17 years with
ASD. They reported no effect of a GFCF diet on clinician-reported autism core
symptoms, parent reported functional level and behavioral difficulties. In addition,
the study showed that a GFCF diet may trigger gastrointestinal adverse effects (RR
2.33). So, this study suggests caution in starting the GFCF diet in children with
ASD [46].

A review published in 2021 [47] discussed the pathological mechanisms and the
evidence on the use of a GFD in people with ASD. The result was that it is still
unclear if the interaction between ASD and gluten is due to gluten specifically
(opioid activity from improperly digested gluten, inflammation caused by oxidative
stress or reactivity with anti-gluten antibodies) or it is a consequence of a generally
raised autoimmune profile in ASD. In addition, authors concluded that there is not a
proven benefit of the GFD in people with ASD (who do not have a clinical diag-
nosis of CD) according to the current literature.

In conclusion, further studies are needed to clarify the possible link between
gluten ingestion and autism. Investigations are particularly required to identify
possible phenotypes based on the best response and non-response to dietary
modifications and to assess biological correlates before considering a dietary
intervention.
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5 NCGS and Other Psychiatric Disorders

An association between schizophrenia and CD was noted in reports spanning back
to the 1960s [48]. In 1986, a double-blind gluten-free vs gluten-load controlled trial
of 24 patients conducted by Vlissides et al. [49] showed changes in the symptom
profile of schizophrenic patients in response to exclusion of gluten from the diet. On
the other hand, a small blind study conducted by Potkin et al. [50] showed no
differences in the clinical status of 8 schizophrenic patients on a 5-week gluten
challenge in an inpatient setting, as measured by the Brief Psychiatric Rating Scale.
A subsequent study by Storms et al. [51] tested 26 schizophrenic patients on a
locked ward assigned to either a gluten-free or gluten-rich diet. No differences were
found between the groups on their performance in a battery of psychological tests.
A recent study using blood samples from the Clinical Antipsychotic Trials of
Intervention Effectiveness (CATIE) found that 5.5% of the subjects with
schizophrenia had a high level of anti-tTG antibodies (compared to 1.1% in the
healthy control sample) and 23.1% had AGA IgG positivity compared with 3.1% of
controls. Interestingly enough, a large proportion of transglutaminase (tTG)-posi-
tive subjects were endomysial antibody (EMA) negative, questioning the possibility
that their tTG positivity was related to CD. Indeed, only 2% of schizophrenic
patients fulfilled the CD diagnostic criteria (both anti-tTG and EMA positive),
questioning the role of CD in schizophrenia [52]. Additional studies revealed that
most of the tTG-positive subjects were tTG-6 positive, suggesting that these anti-
bodies are more a biomarker of neuroinflammation than CD [53]. This study
indicated the existence of a specific immune response to gluten in some of these
patients, probably related to NCGS. Other studies confirmed the high prevalence of
AGA among people with schizophrenia [54]; however, the exact mechanism
underlying the observed improvement of symptoms with the GFD in some patients
has remained elusive.

In 2019 Kelly et al. [55] performed the first double-blind clinical trial of gluten-
free versus gluten-containing diets in patients with schizophrenia who were positive
for AGA IgG and negative for CD. They noted improvement on the Clinical Global
Impressions scale, in negative symptoms and in gastrointestinal symptoms in par-
ticipants on the gluten-free diet. This study suggests that a subgroup of patients with
schizophrenia could benefit from a GFD.

Another recent study compared concentrations of markers in patients with a first
episode or chronic schizophrenia. The prevalence of increased AGA antibody titres
was significantly higher in patients than in controls. In particular, chronic patients
had significantly higher concentrations of AGA IgA antibodies. In this study,
elevated AGA antibodies titres increased the risk of developing schizophrenia about
four to seven times [56].

Another psychiatric disease that has been hypothesized to be associated with
NCGS is depression. In an Australian study, a group of 22 patients with irritable
bowel syndrome who had CD excluded underwent a double-blind crossover study
with a placebo versus oral gluten supplementation after a GFD. The results showed
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that gluten induced depression scale worsening when compared to placebo and
without producing effects on other symptoms, for example anxiety [57]. Similar
results were reached by an Italian study: among the extraintestinal symptoms,
depression was more severe in subjects with NCGS when they received gluten
instead of placebo [58]. Porcelli et al. evaluated the presence of antibodies associated
with gluten related disorders in patients with mood disorders. They considered IgA/
IgG anti-gliadin antibodies, IgA/IgG anti-deamidated gliadin peptide antibodies and
IgA/IgG anti-transglutaminase antibodies in patients with bipolar disorders or
depressive disorders and controls. A significant difference was found only for
anti-tTG IgG antibodies, in particular each unit increase in the anti-tTG IgG anti-
bodies corresponded to about 5% increased risk of having a mood disorder [59].

Finally, some case-reports suggest a possible relationship between gluten
ingestion and visual and auditory hallucinations [60, 61].

In conclusion, according to the literature, some subgroups of patients with
psychiatric disorders could benefit from a GFD. So, further studies are needed on
how to identify those patients with the altered response to gluten, in order to start
the diet treatment in this disease subgroup.

6 Small Intestinal Biopsy Findings in NCWS

Unlike patients with active CD who show an increased number of intraepithelial
lymphocytes (IELs) associated to a variable degree of villous atrophy and crypt
hypertrophy (so called Marsh lesion grade 3a-3c) at the small intestinal biopsy,
NCWS subjects show a normal to mildly inflamed mucosa (Marsh 0–1), sometimes
with an isolated increase of duodenal IELs. In the Sapone’s pioneer paper, CD
patients had increased numbers of CD3 + IELs (>50/100 enterocytes) compared to
controls, while NCWS patients had a number of CD3 + IELs intermediate between
CD patients and controls in the context of relatively conserved villus architecture.
The numbers of TCR-cd IELs were only elevated in CD subjects (>3.4/100 ente-
rocytes), while in NCWS patients the numbers of cd IELs were similar to those in
controls [4].

In a recent review, Sergi and coworkers indicate the following hystological
features as suggestive, but not specific, of NCWS: (a) a “nearly” standard number
of T lymphocytes (<25 for 100 epithelial cells); (b) a peculiar disposition of T
lymphocytes in a small “cluster” of 4 or 5 cells in the superficial epithelium; (c) the
linear distribution of T lymphocytes in the deeper part of the lamina propria of the
mucosa over the muscularis mucosae, and (d) an increased number of eosinophils
in the lamina propria (>5 cells per high-power field, HPF) [62]. Interestingly, a
relevant eosinophilic infiltration has been found in the rectal mucosa of patients
with NCWS, which was more intense in the rectum than in the duodenum, sug-
gesting that NCWS might involve inflammation of the entire intestinal tract [63].

Unpublished results indicate a higher mast cell density in NCWS in comparison
to healthy controls and CD patients. This increased mast cell number in NCWS
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seems to be closely related with the presence of IBS-like symptoms such as bloating,
abdominal pain, and impaired bowel function. Moreover, the close vicinity of mast
cells and nerve fibres observed in these patients may have a role in the generation of
symptoms, e.g., abdominal pain, via a neuroimmune mechanism [64].

7 Searching for Biomarker/s of NCWS

Given the non-specific findings at the small intestinal biopsy in subjects with
NCWS, the search for a non-invasive biomarker of this condition is currently very
active.

By investigating a large number of Intestinal cell damage and systemic immune
activation markers (anti-tTG IgA, anti-deamidated gliadin IgG and IgA, AGA IgG,
IgA and IgM, lipopolysaccharide-binding protein (LBP), soluble CD14 (sCD14),
endotoxin-core antibodies IgG, IgA and IgM, anti-flagellin IgG, IgA and IgM, and
fatty acid-binding protein 2 (FABP2) in individuals reporting NCWS, Uhde et al.-
found that Individuals with wheat sensitivity had significantly increased serum
levels of soluble CD14 and LBP, as well as antibody reactivity to bacterial LPS and
flagellin. Circulating levels of FABP2, a marker of intestinal epithelial cell damage,
were significantly elevated in the affected individuals and correlated with the
immune responses to microbial products. The principal component analysis showed
that the “clouds” of NCWS, CD and control subjects were nicely separated on the
graph, however none of these biomarkers alone showed enough sensitivity and
specificity to be useful in clinical practice [65].

The most specific CD serological markers, such as IgA-class anti-tTG and EMA,
are negative in NCWS patients by definition. However, IgG-class AGA directed
against native gliadin (the first-generation AGA test) are found more frequently in
these cases (about 50%) than in the general population. Therefore, the finding of
isolated IgG-AGA positivity may be a clue to the diagnosis of NCGS. When
initially positive, IgG AGA normalize more quickly in NCGS than in CD patients
after starting treatment with the GFD [66]. Recently Uhde et al.showed that the
AGA IgG antibody in NCWS is significantly different from CD in subclass dis-
tribution and in its relationship to intestinal cell damage. The observed increase in
the gluten-reactive IgG2 and IgG4 subclasses and the correlation between the IgG4
subclass and FABP2 in NCGS may point to a protective response aimed at
dampening the inflammatory effect of other antibodies and immune cells [67].
Again, due to poor sensitivity/specificity, IgG AGA determination may yield a clue
but does not have a primary diagnostic role in clinical practice.

Zonulin is the protein prehaptoglobin 2, the only known human protein that can
reversibly open the intestinal tight junctions. In CD, higher zonulin release corre-
lates with increased epithelial permeability. Recently Barbaro et al. showed that
serum zonulin levels were increased in patients with confirmed as well as
self-reported NCWS over asymptomatic controls and patients with IBS-D. Zonulin
was reduced with the elimination of wheat from the diets of participants with a
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genetic predisposition to CD. They developed a diagnostic algorithm based on
zonulin serum levels, gender and abdominal symptoms and this provided a high
performing diagnostic tool with an accuracy of 89.0% [68].

Finally, no association has so far been identified between NCWS and specific
genetic markers. In NCWS subjects the prevalence of HLA-DQ2 and -DQ8, the
genes that are strongly associated with CD, is comparable to that found in the
general population (around 40%) and therefore has no significant positive or neg-
ative predictive value.

8 The “Salerno Diagnostic Criteria”

As anticipated in the introduction, the diagnosis of NCWS should be considered in
patients with persistent intestinal and/or extraintestinal complaints showing a nor-
mal result of the CD and WA serological markers on a gluten-containing diet,
usually reporting worsening of symptoms after eating gluten-rich food. Table 1
shows the major features of NCGS, CD, and WA that may help to differentiate
these different gluten-related disorders. NCGS should not be an exclusion diagnosis
only. Unfortunately, no biomarker is enough sensitive and specific of NCWS.
Therefore, the diagnosis of NCWS is based on establishing a clear-cut cause-effect
relationship between the ingestion of wheat/gluten and the appearance/
disappearance of symptoms.

Table 1 Major features of the different gluten-related disorders

Celiac disease NCWS Wheat allergy

Time interval between
gluten exposure and
onset of symptoms

Months-years Hours-days Minutes-hours

Pathophysiology Innate and
adaptive
immunity

Different triggers (gluten,
FODMAPs, ATIs)
Innate immunity

Allergic
immune
response

HLA DQ2- and DQ8-
restricted

No association with DQ2-
and DQ8-

No association
with DQ2- and
DQ8-

Autoantibodies Present Absent Absent

Enteropathy Present Absent/minimal changes Absent

Symptoms Both intestinal
and
extraintestinal

Both intestinal and
extraintestinal

Both intestinal
and
extraintestinal

Co-morbidities and
complications

Co-morbidities,
long-term
complications

No co-morbidities, no
complications but long-term
follow-up studies are needed

No
co-morbidities,
short-term
complications
(including
anaphylaxis)
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In the year 2014 a group of world experts on gluten-related disorders met in
Salerno, Italy, to set up diagnostic criteria for NCGS. These criteria are known as
the “Salerno diagnostic criteria” (SDC) [27]. It should preliminary be noted that
these criteria can identify cases of NCGS, but do not necessarily fit for intolerances
to other wheat components (e.g. FODMAP and ATIs).

Patients suspected of suffering from a gluten-related disorder should prelimi-
narily undergo a full clinical and laboratory evaluation to exclude CD and WA
while still on a gluten-containing diet, according to a previously outlined diagnostic
protocol [29]. At baseline the patient has to be on a normal gluten containing diet
for at least six weeks. A self-administered instrument incorporating a modified
version of the Gastrointestinal Symptom Rating Scale (GSRS) is filled in. The
patient identifies one to three main symptoms that will be quantitatively assessed
using a Numerical Rating Scale (NRS) with a score ranging from 1 (mild) to 10
(severe). At time 0 the patient is switched to the GFD for 6 weeks (Step 1).
Responders are defined as patients who fulfil the response criteria (>30% reduction
of one to three main symptoms or at least 1 symptom with no worsening of others)
for at least 50% of the observation time.

The diagnosis of NCGS is excluded in subjects failing to show symptomatic
improvement after six weeks of GFD. GFD-unresponsive patients should be
investigated for other possible causes of IBS-like symptoms, e.g., intolerance to
FODMAPs or small bowel bacterial overgrowth.

In view of the high rate of perceived gluten sensitivity and the possible placebo/
nocebo effect of any dietary intervention, a double-blind, placebo-controlled
(DBPC) gluten challenge is a crucial step in the diagnostic algorithm of NCGS
(Step 2). The gluten challenge includes a 1-week challenge followed by a 1-week
washout of strict GFD and by the crossover to the second 1-week challenge. The
duration of the challenge period may occasionally be longer than 1 week in patients
showing fluctuating symptoms, such as headache or neurobehavioral problems.
During the challenge, the patient will identify and report one to three main
symptoms. A variation of at least 30% between the gluten and the placebo chal-
lenge should be detected to discriminate a positive from a negative result. The
suggested dose of gluten for the challenge is 8 g. Gluten and placebo preparations
must be undistinguishable in look, texture, and taste as well as balanced in nutri-
tional components.

9 NCWS/NCGS Remains a Difficult Diagnosis

As previously anticipated, many individuals start a GFD based on a self-diagnosis
and/or without an expert medical advice. How many of these self-reported gluten
intolerants are indeed affected by true NCWS/NCGS. During these last years
several studies addressed this issue by performing so-called gluten re-challenge in
subjects with a provisional diagnosis of NCGS/NCWS. By meta-analyzing these
results, Lionetti et al. [69] found that there was a considerable heterogeneity related
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to different sample size, type, and amount of gluten administered, duration of
challenge and different type of placebo. The overall pooled percentage of patients
with a diagnosis of NCGS relapsing after a gluten challenge was only 30%, ranging
between 7 and 77%. Surprisingly, the meta-analysis showed a not significant rel-
ative risk (RR) of relapse after gluten challenge as compared to placebo (RR = 0.4;
95% CI = −0.15–0.9; p = 0.16). On the other hand, the overall pooled percentage
of patients with a diagnosis of NCGS relapsing after a gluten challenge performed
according to the Salerno criteria was significantly higher as compared to the per-
centage of patients relapsing after placebo (40 vs. 24%; p = 0.003), with a sig-
nificant RR of relapse after gluten challenge as compared to placebo (RR = 2.8;
95% CI = 1.5–5.5; p = 0.002). Authors attributed the low percentage of diagnosis
confirmation to several factors, such as a strong “nocebo” effect of the challenge,
clinical overlapping with IBS, resolution of NCWS over time, and methodological
issues. A causal relationship between gluten and relapsing symptoms was observed
in 40% of patients when the Salerno criteria were adopted. Therefore the “Salerno”
algorithm is recommended for confirmation of NCWS diagnosis, until a valid
biomarker will be available. The poor performance of re-challenge studies based on
purified gluten is a novel argument in favour of a possible role of NCGS triggers
different from gluten itself.

10 NCWS Pathophysiology: One, Two or Many Triggers?

The pathogenesis of NCWS is likely to be multifactorial, with the innate immune
response playing a key role. The first studies on NCWS assumed that gluten was the
only wheat component responsible of triggering this disorder, since symptoms
disappeared with the GFD. Studies have shown that gliadin can cause an immediate
and transient increase in gut permeability. This permeating effect is secondary to the
binding of specific undigestible gliadin fragments to the CXCR3 chemokine
receptor with subsequent release of zonulin, a modulator of intercellular tight
junctions [70]. Several studies have identified an altered expression of innate
immune components in response to gluten consumption in NCWS individuals,
including mucosal Toll-like receptor 2 (TLR2), PBMC-derived interleukin-10
(IL-10), granulocyte-colony stimulating factor (GCSF), transforming growth
factor-a (TGF-a), and the chemokine CXCL-10 [64].

In 2011, Biesiekierski et al. [71] reported that gluten caused gastrointestinal
symptoms in non-CD IBS subjects investigated by a randomized, double-blind
placebo-controlled (DBPC) trial. However, in a subsequent study, the same re-
search group reached different conclusions based on the results of a different DBPC
crossover trial on 37 patients with IBS/self-reported NCGS [16]. Patients were
randomly assigned to a period of reduced low-fermentable, poorly absorbed,
short-chain carbohydrates (FODMAPs) diet and then placed on either a gluten or
whey protein challenge. In all participants, gastrointestinal complaints consistently
improved during reduced FODMAP intake but significantly worsened to a similar
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degree when their diets included gluten or whey proteins. The FODMAP list
includes fructans, galactans, fructose, and polyols that are contained in several
foodstuffs, including wheat, vegetables, and milk derivatives. In the small and large
intestine, the FODMAP molecules exert an osmotic effect and are also rapidly
fermented by colonic microflora producing gas. The increase in fluid and gas
distends the bowel, with consequent sensation of bloating and abdominal pain or
discomfort, and diarrhoea. Data of this study raised the possibility that the positive
effect of the GFD in patients with IBS is an unspecific consequence of reducing
FODMAP intake, given that wheat is one of the possible sources of FODMAPs
[72]. However, it should be noted that FODMAPs cannot be entirely and exclu-
sively responsible for the symptoms reported by NCGS subjects, since these
patients experience a resolution of symptoms while on the GFD despite continuing
to ingest FODMAPs from other sources, like legumes.

ATIs are a family of at least 11 structurally similar, small and compact mono-,
di- or tetrameric wheat proteins, which serve as protective proteins in wheat and
other cereals by inhibiting enzymes (amylase and trypsin-like activities) of wheat
and some parasites. In the developing grain, ATIs are deposited together with
gluten proteins in the endosperm and become associated with the starch granules.
Encoded mainly by the B and D genomes, ATIs are high in most modern hexaploid
bread wheats, and low in spelt (old hexaploid), tetraploid (durum wheat, emmer)
and diploid (einkorn) wheat species. They are also present in other gluten con-
taining cereals such as barley and rye. Long known as major allergens in baker’s
asthma, ATIs were identified as triggers of innate immune activation in intestinal
myeloid cells via stimulation of Toll-like receptor 4 (TLR4). Notably, nutritional
ATIs enhance intestinal inflammation in models of inflammatory bowel disease in
mice, and immune activation is higher in the mesenteric lymph nodes than in the
intestinal mucosa [73]. In intestinal tissues from control mice, ATIs induced an
innate immune response by activation of Toll-like receptor 4 signalling to MD2 and
CD14, causing barrier dysfunction in the absence of mucosal damage.
Administration of ATIs to gluten-sensitized mice expressing HLA-DQ8 increased
intestinal inflammation in response to gluten in the diet. Interestingly, ATIs are
degraded by Lactobacillus, which reduced the inflammatory effects of ATIs [74].
However clinical data on the ability of ATIs to trigger symptoms of NCWS are still
missing.

Finally, Carroccio et al. recently hypothesized that food antigens, including
wheat proteins, initiate a Th2 response driving intestinal eosinophilia and suggested
that NCWS is a form of non-IgE mediated food allergy [64]. They also reported that
production of TNF-a by CD45+, CD3+, CD4+, and CD8+ cells and of IL-17 by
CD4+ cells is higher in the rectal tissue of NCWS patients than in controls. Overall,
these results suggest a significant role for an immune adaptive response in patients
with NCWS [75].

In summary, these new studies seem to indicate that the pathophysiology of
NCWS is much more complex than previously thought and may include different,
non-mutually exclusive factors related to wheat consumption (gluten, FODMAPs
and ATIs). The complex interplay between these dietary factors, the genetic
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background, the immune response and the intestinal microbiome drives the loss of
tolerance to gluten/wheat and the development of different gluten/wheat-related
disorders (Fig. 2).

11 Treatment

A strict gluten/wheat-free diet remains the only available treatment for NCWS.
Since NCWS may be a transient condition, expert recommendation is to maintain
the GFD for a given period, e.g. 12–24 months, and then test gluten tolerance
again. Based on severity of symptoms, some gluten sensitive patients without CD
may choose to follow a gluten-free diet indefinitely [70]. However, it is still unclear
whether some basic principles of the “celiac” GFD, particularly the need of the
complete exclusion of all wheat derivatives, holds for NCWS as well. For example
it is theoretically possible that some NCWS patient may tolerate a small amount of
gluten in their diet, particularly if clinical manifestations depend primarily on
FODMAPs intolerance. Another interesting possibility is that a subgroup of NCWS
might tolerate ancient wheat grains, e.g. einkorn, still containing gluten but much
less of ATIs. Further studies are required to clarify these important treatment issues.

Fig. 2 The complex interplay between gluten and other wheat components leading to the different
gluten/wheat-related disorders
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12 Conclusions

NCWS is a recently ‘rediscovered’ disorder that seems to be even more common
than CD, at least in adults. In recent years, the number of both patients and pub-
lications on NCWS have increased greatly. The clinical picture of NCGS is variable
and usually includes IBS-like gastrointestinal manifestations and minimal neuro-
logical complaints, such as foggy mind and headache. Treatment with the GFD may
dramatically improve the quality of life of these patients, for which we have very
little certainty and many knowledge ‘black holes’. In view of the currently high rate
of perceived gluten sensitivity and the possible placebo effect of any dietary
intervention, the demonstration of a clear-cut relationship between gluten ingestion
and symptoms appearance by means of the DBPC gluten (or wheat) challenge is a
crucial step in the diagnostic algorithm of NCWS. Although validated biomarker(s)
for the diagnosis of NCWS are not available yet, the diagnostic criteria summarized
in this paper can help to recognize this disorder, optimize clinical care, avoid self-
diagnosis, and advance the science of NCWS. The identification and validation of
biomarker(s) will be instrumental to gain insights in NCGS pathogenesis, to
investigate the epidemiology of this “new” disorder, and ultimately to improve the
health and the quality of life of a large number of individuals.
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