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Abstract

Non-celiac gluten sensitivity is an undefined symde with gastrointestinal and extra-intestinal
manifestations triggered by gluten in patients with celiac disease and wheat allergy. The
pathogenesis involves immune-mediated mechanismsirimeg further research. Symptoms
disappear in a few hours or days after gluten wehal and recur rapidly after gluten ingestion.
Besides gluten, other wheat proteins as well asidatable oligo-, di-, mono-saccharides and
polyols (FODMAPSs) may contribute to this syndromidis syndrome occurs mainly in young
women, being rare in children. Its prevalence rarfgem 0.6% to 6%, based on primary or tertiary
care center estimates. No biomarker is available,hlalf of patients tests positive for IgG anti-
gliadin antibodies, which disappear quickly afténtgn-free diet together with symptoms. Also,
genetic markers are still undefined. Although catlselimited to a research setting, double-blind,
placebo-controlled, cross-over trial strategy moramended to confirm the diagnosis. Treatment is

based on dietary restriction with special caretitrient intake.

Key words: Celiac disease; Duodenal biopsy; Anti-gliadinilamdies; Innate / adaptive immunity;

Irritable bowel syndrome; Wheat allergy
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I ntroduction

Until a few years ago gluten and wheat proteinseweonsidered responsible for the
occurrence of two well-defined clinical entitieg.iceliac disease (CD) and wheat allergy (WA) [1,
2]. The evidence of gluten sensitive patients, syagmptoms evoked by gluten/wheat in patients
without CD or WA, was brought up for the first tina the beginning of the '80s by Geoffrey
Holmes' group in the UK [3]. That remarkable regoghlighting the existence of gluten sensitivity
fell into shadow as most clinicians were dissafoy the lack of established diagnostic critesia t
identity those patients. Likewise functional bow$orders, most subjects with a suspicion of
gluten sensitivity were thought to be imaginarg.(lpsychiatric’) patients belonging to a sortof '
man's land' of gluten related disorders [4]. Noekgbs, with the increasing number of patients
complaining of symptoms following gluten ingestioine awareness of a new gluten-related
syndrome (currently referred to as non-celiac giigensitivity, NCGS) grows with a progressive

pace over the years [5-9].

Why NCGS has markedly increased over time? The arfsyvto this question is / are still
unclear, although a number of factors should besidened. First, the novel variants of wheat that
are known to contain high amount of toxic gluteptpkes potentially harmful to the integrity of the
enteric mucosa,; secondly the mechanization of fagrand the growing industrial use of pesticides;
thirdly, the overall reduced time of dough fermeiota resulting in a higher content of toxic gluten
fractions in bakery products [10]. Finally, the neetlype and the growing awareness of clinicians
towards this condition contributed to the incregsiate of NCGS diagnosis, not always supported

by evidence [11].

Currently, NCGS should be regarded as a new ealtipugh with a possible overlap with
other conditions, i.e. mainly functional bowel dders (irritable bowel syndrome, IBS) and a
variety of food hypersensitivities [12]. In thisspect, dietary components other than gluten, ssich a

wheat proteins (i.e. amylase- and trypsin-inhilsiterATIs) and fermentable oligo-, di-, mono-
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saccharides and polyols (FODMAPS) could have airoymptom generation of NCGS [13, 14].
However, the relative contribution exerted by sindletary factors in NCGS-related symptoms is
still unclear as cereals contain both ATl and FODRg$Aadmixed with gluten. NCGS should be
suspected in patients displaying intestinal sympgtofoften dismissed as 'IBS patients’) and
extraintestinal manifestations, which occur soderafjluten ingestion [15, 16]. A diagnostic pre-
requisite for establishing NCGS in a symptomatitiguet is that both CD and WA have been ruled
out. Due to the lack of biomarkers, the diagnosiN©@GS remains strictly related to clinical criteri
[17, 18]. The improvement of symptoms after gluesclusion is regarded as one of the major
diagnostic criteria for NCGS, although the possipibf a 'placebo effect' (associated to a dietary
exclusion of certain foods) should not be discard&€fl]. Thus, a cautionary approach in
recommending a gluten free diet (GFD) should beptatbin symptomatic patients lacking a clear

diagnosis of NCGS [20].

This chapter has been designed to provide a pahgpicdance in the various aspects related
to NCGS, i.e. basic immunological mechanisms anthguenesis, epidemiology and clinical
picture, diagnostic criteria, treatment (includengossible approach by enzyme therapy) and future
tasks, in order to provide specialists and genarattitioners with a most updated review on this

emerging topic.

Basic immunological mechanisms and pathogenesis

Gluten is an essential triggering factor in CD. Hoer, the term “gluten” is complicated,
because there are at least three different meaointgge word. A gluten-free diet is a diet without
wheat, rye and barley (and all related cross-begdats). Gluten is also the glue-like mass obtained
after washing flour with water, and denotes a nfigl@adin and glutenin proteins from wheat and
related proteins derived from other gluten-contagncereals. In plants, these proteins serve as
storage for amino acids and energy for the seespnguts. However, the cereals also carry a range

of other proteins with similar properties to glutevhich co-precipitate with gliadins and glutenins
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during purification. This will be the focus of ahet chapter in this issue (by prof. Schuppan and
co-workers) and some of this work has been prelyqusblished [13]. Anyway, it is important to
note that a wide range of proteins can, in facadld¢o the effects of “gluten” in the diet.
Furthermore, as will also be discussed later, itp@ssible that non-protein moieties (e.qg.
FODMAPS) in bread are responsible for the reactioNCGS — adding further complexity to the

overall picture [21, 22].

Gluten has been shown to cause a range of efifeasll culture systems. Some of these
effects are due to complex protein mixtures, othesurified proteins, and at least a subset d¢he
effects have been duplicated with synthetic pepti@uten has long been known to have effects on
several cell lines (K562 cells, Caco-2 cells, mpbages) and focus has been paid to a certain
gliadin peptide (spanning 31-43 of alpha-gliadedjhough the cellular receptors for these effects
are rather unclear [23]. The chemokine receptor RXGs involved in the effects on intestinal
permeability and zonulin release [24]. The trangiereceptor CD71 is another interesting
candidate for the effects of gliadin peptides ointhefial cell permeability [25]. Recent work
suggests that a pepsin digest of gluten can aetiparipheral blood mononuclear cells and
monocytes via toll-like receptor-2 (TLR2) and TLReSignalling and thereby activate the

MyD88/TRIF/MAPK/NF-kB pathway [26].

The overall picture of CD immunology is complext bhas reached a level of understanding
far beyond that within the field of NCGS. As wik ladiscussed in another chapter in this issue (see
chapter 4, du Pré and Sollid), it is clear thatpdis@ immunity has a crucial role in the pathogémes
of CD [27]. This immunological reaction focusesintestinal T-cell recognition of gliadin peptides
presented by the HLA-DQ molecules that are asstiaith CD. To the best of our knowledge,
such intestinal T cells have not been isolated fiermy NCGS patient — although it should be
realized that systematic attempts might not havenhendertaken. The lack of gluten-reactive T
cells, and the lack of association between HLA &@GS together suggest that the adaptive

5
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immune system in NCGS does not act in similar maaseseen in CD. Also, innate immunity has
been claimed to have a role in the development Bf @articularly at the beginning of the
pathogenic process. Innate immunity can contributbe pathogenesis of NCGS — but also this has

not really been well studied.

Of particular interest are the findings that gtube the diet can have profound effects on the
animal models of autoimmunity, for instance nons#bdiabetic (NOD) mice [28, 29]. These mice
develop a small intestinal enteropathy with eledateicosal levels of pro-inflammatory cytokines
when exposed to dietary gluten, but the enteropathyot considered equivalent to that seen in
human CD [30]. For instance, serum levels and nalcegpression of anti-transglutaminase
antibodies are not gluten-dependent [31]. In NORendietary gluten alters the composition of
their gut microbiome [32], intestinal regulatorycElls [33], as well as their natural killer cell
cytotoxicity [34, 35]. The significance of thesadings in NOD mice to the human situation needs

further investigation.

Although the pathogenesis of NCGS is still uncl@arple for innate, rather than adaptive,
immunity has been postulated in NCGS based omitreased small intestinal expression of TLRs,
particularly TLR2 and, to a lesser extent, TLR1 dhdR4 [36]. However, signaling through these
TLRs has been not yet elucidated. In the same tuhaptive immunity markers, i.e. interleukin (IL)
17A, IL-6, interferon (IFN)y, IL-17 and IL-21 were not over-expressed in thedi&nal mucosa of
NCGS patients. More recently, however, increaseeldcof IFNy have been detected in small
intestinal biopsies of NCGS patients after a slghuten challenge, thus supporting a possible
pathogenic role for adaptive immunity in this syorde [37]. According to the latter findings, the
detection of anti-gliadin antibodies (AGA) in matlean 50% of NCGS patients provides further
evidence that adaptive immunity might contribut&©GS development [38].

Discordant data have been reported on the epithmiaier function in NCGS. Preliminary

studies demonstrated a reduced intestinal pernityahilNCGS, thus reinforcing the concept of an
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increased intestinal barrier function in this syde. In support of this hypothesis a significantly
higher expression of claudin-4 (CLDN4) mRNA, a naarkf reduced permeability, was found in
duodenal biopsies of NCGS patients [36]. Unlikelieardata, subsequent studies found an
increased intestinal permeability in a subgroupN&fGS patients with IBS-D carrying the HLA-
DQ2+/DQ8+ [39]. This discrepancy implies that fuathresearch is necessary to define small
intestinal permeability in NCGS.

In addition, changes of the gut microbiota mighoiar the inflammatory response to gluten
[40]. Finally, a further important aspect linkingCl&S to IBS is that HLA-DQ8 transgenic mice
sensitized by gliadin display an increased searatfoacetylcholine from the myenteric plexus and
this results in an enhanced muscle contractilitg apithelial hypersecretion. Gluten withdrawal

reversed both abnormalities [41].

Epidemiological and clinical picture

Epidemiological data on NCGS are still scant andragamate. In the US this syndrome
seems to be observed much more frequently in tenteferral centers compared to primary care.
Data from the National Health and Nutrition Exantioa Survey (NHANES), a primary care
program, based on interviews, physical examinatmel blood samples, showed that NCGS
prevalence was 0.6% over 7,762 subjects in the -2009 period [42]. The low prevalence of
NCGS detected in the NHANES study might be ascribedhe questionnaire that was not
originally designed for identifying NCGS patientSonversely, at the Celiac Disease Center
(University of Maryland) 6% over 5,896 subjects avatentified as NCGS in the 2004-2009 period
[5]. Although it is likely that a higher number NICGS patients are referred to specialized centers,
this cannot explain the huge difference observeth@ése two studies. Based on these data, it has
been hypothesized that NCGS might be up to sixgimere frequent than CD, whose prevalence is

generally acknowledged to be 1% worldwide [43].
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An ltalian multicenter prospective survey compatbd prevalence of NCGS and CD
diagnoses in 38 referral pediatric and adult cendémgluten-related disorders [44]. NCGS and CD
were diagnosed in 391 (3.2%) and 340 (2.8%), rdésmdg in 12.255 patients consecutively
studied in one-year period (from November 2012 tdoBer 2013). Compared to the previously
mentioned data [5], these results lower of abowo S50e prevalence of NCGS in tertiary care
centers. Therefore, it can be assumed that the vativeen NCGS and CD is approximately 1 to 1,
a figure that is similar to that reported in the AMES survey [42]. Although diagnosable at any
age, NCGS appears to occur more frequently in aduith a mean age at onset around 40 years.
Likewise to functional bowel disorders, the femgdémder is more prone to gluten sensitivity with a
female / male ratio of 5:1 [44]. So far it is ranepediatric age with a prevalence of less thanii3%
391 NCGS patients [44]. Although NCGS is rare ifldrkn, data indicate that gluten avoidance is
very common among toddlers in New Zealand (up t9,5%ainly due to non-specific abdominal

complaints [45].

NCGS can be regarded as a syndrome rather thaig@ewtisorder, being characterized by a
wide array of symptoms occurring soon (i.e., froomufs to few days) after gluten ingestion.
Usually, symptoms evoked by gluten disappear orawvg after gluten withdrawal and recur upon
gluten re-challenge [5, 38]. The clinical preseotais a combination of gastrointestinal symptoms
and extra-intestinal manifestations [44]. Most ok tgastrointestinal symptoms are virtually
overlapping to those reported by IBS patients amctording to Rome Il criteria, includes
abdominal pain / discomfort, bloating (87%) and bbWwabit changes: diarrhea (detected in up to
54%), alternating bowel (27%) and constipation (24%lotably, IBS clinical profile is
characterized by frequent fluctuations of symptomcerbation along with quiescent phases, while
gastrointestinal manifestations in NCGS appearetoather stable over time. Among patients with
the overlapping NCGS and Rome lll-based IBS (ala®db), one-third showed breath test proven

lactose or, more rarely, fructose intolerance f, 4
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Upper gastrointestinal manifestations identifialleNCGS patients include epigastric pain
(52%), nausea (44%), aerophagia (36%), gastroegephaeflux disease (32%), and aphthous
stomatitis (31%) [44]. The most frequent extra-stiteal features of NCGS include fatigue and lack
of well-being together with neurological symptoms. headache, “foggy mind”, arm / leg
numbness and anxiety / depression. Other systemits sare joint / muscle pain resembling
fiboromyalgia, skin rash / dermatitis, weight loggn-deficiency and / or folic acid anemia and,
although rarely, allergic manifestations such dsraa and rhinitis. In young patients Gl symptoms,
including abdominal pain / discomfort, bloating atidrrhea are more frequent than extra-intestinal

manifestations, characterized by fatigue, headaoddimb pain [46].

More than 20% of NCGS patients show allergy to onenore inhalants, foods or metals,
the most common being mitegraminaceae, parietaria, cat / dog hair, shellfish and nickel [44].
Among psychiatric disorders, a minority (6%) of ipats with NCGS showed a previous clinical
history of eating behavior abnormalities, while igut spectrum disorders (ASD) have been
hypothesized to be associated with NCGS [47, 48}ably, a gluten- and casein-free diet might
have a positive effect in improving hyperactivitydamental confusion in some patients with ASD.
This very exciting association between NCGS and AfeBerves further study before conclusions
can be firmly drawn. Conversely to CD, it remaimsettled whether NCGS patients are at risk for
associated autoimmune disorders. Some studies Sutpge the finding of autoimmune disorders in

NCGS would be a rare association [5, 7, 38].

Based on pathogenetic mechanisms and clinical regteomplications known to occur in
CD (i.e. ulcerative jejuno-ileitis, collagenous w@r small intestinal lymphoma and other
gastrointestinal neoplasms) are unlikely to be ofegein NCGS [5, 49]. Nonetheless, NCGS is still
an emerging condition and its natural history adl we occurrence of complications deserves

further data before being thoroughly understood.

Diagnostic criteria
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The identification of NCGS starts when patientskseeedical advice as a result of
symptoms / manifestations which are clearly assediavith gluten ingestion still present in the
diet. According to the diagnostic criteria estditid by two Consensus Conferences (London 2011
and Munich 2012), the current view to NCGS diagadsi based on symptom / manifestation
evaluation along with the exclusion of CD and WA 1. The latter should be established by:
normal levels of IgA tTGA, IgA EmA and IgG deamiddtgliadin antibodies in the absence of
villous atrophy at small intestinal biopsy for CIJ;[ normal levels of serum IgE antibodies to
gluten proteins and wheat fractions as well as [&cgkin reaction to Prick tests for WA [2] both
sets of exams being performed in patients undeegloontaining diet. In the clinical practice,st i
very common to see patients on a GFD because elf-diagnosed NCGS. In such cases a gluten
challenge should be suggested for a period ofat |2 weeks in order to rule out CD [50, 51].
Since patients on GFD are reluctant to resume &rmlgontaining diet because of symptom
recurrence, the assessment of HLA-DQ2 and -DQ®&eaa valuable test to rule out CD (Figure 1)
[16, 52]. In contrast to CD, NCGS did not show amyrelation with HLA-DQ2 and / or -DQS8,
although two studies have reported that the precelef DQ2 and / or DQ8 in NCGS was slightly

higher than that in the general population [5, 38]

A recently proposed approach to NCGS diagnosis nsobjective improvement of
gastrointestinal symptoms and extra-intestinal meatations assessed through a rating scale before
and after GFD. Although a standardized symptonmgadgcale is not yet applied worldwide, a recent
study indicated that a decrease of the global symptcore higher than 50% after GFD can be
regarded as confirmatory of NCGS (Table 1) [53]wdwer, since the improvement of the clinical
picture after GFD can be induced by a placebo gfeedouble-blind, placebo controlled challenge
(DBPC) is highly recommended to confirm NCGS [1Akthough objective, this approach is still
expensive and time-consuming and therefore itshasebeen confined to a research, rather than

10
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clinical, setting. So far, the few DBPC trials merhed to confirm NCGS have produced discrepant
results mainly for a possible bias related to patgelection (often not fulfilling the criteria of
NCGS) and blindness bias (patients recognizingeglus. placebo by the taste of food) [3, 22, 54,
55]. Two of these studies were performed by theesgroup: one initially confirmed the existence
of NCGS through the significant recurrence of syonpt in patients under gluten containing diet
[54]; the other showed that gluten was not resgm@gor symptoms re-occurrence, whereas a low-
FODMAPs diet induced a significant symptom improesinin a significant portion of the patients
[22]. A third DBPC study revealed that gluten detered the occurrence of intestinal symptoms in
IBS patients [55]. The role of gluten as a spedifigger of this new gluten-related syndrome has
been recently confirmed by a DBPC cross-over tgatformed in 61 patients with a large panel of
gastrointestinal (including IBS-like) and extragstinal symptoms / manifestations remitting after
GFD [56]. The novelty of this study was the useghiten-containing capsules, which were
indistinguishable from placebo capsules in termstie and appearance. A daily dose of 4.375 g of
gluten (or placebo) was administered for one weslowed by a one-week wash out before
crossing over to one week of the other type of ai@ss It is relevant to underline that the amount o
gluten used in this trial was significantly lowéan that administered in the previous DBPC (13 -
20 g). Gluten ingestion evoked a significantly aglseverity of overall symptoms than placebo
(P=0.034), particularly evident for bloating?£0.040), abdominal painP£0.047), aphthous
stomatitis P=0.025), foggy mind#=0.019) and depressio£0.020). However, the analysis of
the individual patients’ overall scores showed iy some patients had an evident worsening of
symptoms after gluten ingestion. This could imghatt their clinical gluten sensitivity could be
caused by other triggers, such as ATls and FODMABsyell as non-dietary (e.g. psychological)
factors, leading to similar responses to gluten@adebo.

AGA can be sought in NCGS patients as possiblendistic adjunct. In this line, recent data
showed that about half of NCGS patients testedigedor the 'classic’ AGA [5, 38, 55]. In NCGS

patients these antibodies are mainly IgG classy(adcasionally IgA) and are consistently
11
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associated with very low titers of IgA tTGA (< lbdrary units) in absence of IgA deficiency [38].
In contrast to CD, where AGA IgG persisted in aske50% of patients, the result of one study
demonstrated that almost in all patients with NCEBZA became undetectable within 6 months of
GFD [53]. These findings are in line with the pad#ly that an immunological memory might be
active in CD but not in NCGS [57]. Other laboratdests can be helpful to identify signs of
malabsorption, which occurs in 20-30% of patienihhWCGS. Abnormalities include low levels
of ferritin, folic acid, vitamin D-25-OH and vitamiB;, [44]. In some cases these absorption
abnormalities improve after GFD. A slight increadestool calprotectin, an indicator of intestinal
mucosa inflammation, can be found in NCGS. Cytometrasophil activaton has been
demonstratedn vitro, an interesting finding that implies food allergyleast in a subset of NCGS
patients [55]. In line with vitamin D-25-OH malaisption it has been recently reported that about
half of NCGS patients shows bone mass depletioh [Bds was found to be closely related to a
low dietary intake of calcium and to a low BMI, mbi in NCGS patients with other food (i.e.
lactose) intolerance. Dietary support should bensfty recommended at the time of NCGS to
prevent the occurrence of osteopenia.

Duodenal biopsy is also a very important step ie thagnostic approach to NCGS
particularly to rule out definitively an underlyingeronegative CD in symptomatic patients
(Consensus Conferences 2011 e 2013). Likewiseaggrolhe duodenal biopsy should be obtained
on a gluten containing diet. Although small boweélous architecture is normal in NCGS, the
number of intraepithelial lymphocytes (IELs), defthnormal if< 25% [59], is increased in a high
proportion of patients [36-38, 44]. Notably, thensase of IELs found in NCGS is significantly less
pronounced than that detected in CD, thus suggedhie existence of a mucosal low grade

inflammation [36].

This mild lymphocytic intestinal infiltration canesult in a specific NCGS histological

pattern, characterized by a linear distributionGid3+ T lymphocytes in the deeper part of the

12



Best Practice & Research Clinical Gastroenterology

mucosa together with clusters of the same celteersuperficial epithelium [60]. Differently from
CD, in NCGS there is no increase of T-cell receptdr IELs [36]. Although small intestinal
mucosa in NCGS shows a normal villous / crypt r§ti8:1), it is generally acknowledged that a

mild inflammation may contribute to impair intestirmbsorption [16].

Mucosal and peripheral cytokine responses have heastigated in NCGS patients.
Increased IFNt mRNA, albeit at a low level, after short term @brdays) gluten challenge was
observed in NCGS patients [37]. Higher levels déileukin-10, granulocyte colony-stimulating
factor, and transforming growth factarwere produced by peripheral blood mononuclearscell
(PBMC) of IBS patients in response to gluten coragdo rice [39]. Recently, an overproduction of
the pro-inflammatory chemokine CXCL10 from PBMC aibed by NCGS patients in response to
various cereal fractions was demonstrated [61]relmeed CXCL10 secretion was significantly
related to the stimulation of PBMC from NCGS patsehy gluten-containing cereal proteins and
not by corn and rice flours. Moreover, by analyzihg effect of modern wheat varietiddanitoba
and Claudio) with that of ancient varietiesS¢nhatore Cappelli and Khorsan), it has been
demonstrated that modern wheat induced a signtficégher secretion of CXCL10 by PBMC.
The analysis of the in vitro response of PBMC frG patients showed a ten-time higher secretion
of CXCL10 compared to NCGS patients, whereas tde&® patients did not produce this
chemokine with a similar behavior to healthy colstrdhese results suggest that CXCL10 might be

a diagnostic marker of NCGS.

Dietary treatment

Patients should avoid self-diagnosis and shouldwtttdraw gluten by themselves before
CD or NCGS condition has been verified in a refezemter [16]. The auto-diagnosis of a presumed
gluten intolerance is a problem since once GFDiagted many find it is difficult to reintroduce

gluten to make it sure that the patient has not[62). However, as long as CD is adequately

13
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eliminated, the patient can start GFD. Most pasiergferred to the dietitian with suspicion of
NCGS are already self-instituted on a GFD. Theitthet will complete a nutritional assessment,
evaluate diet adherence and educate in GFD. Thigiahieeducates in how to keep food diversity
and nutritional value in a restricted diet. Issthed are addressed are balanced meal plannings fibe
and enrichments, hidden gluten sources, label mgaaid additional food allergies or intolerances.
After the confirmation of NCGS diagnosis, accordiaodghe previously mentioned work-up, patients
are advized to start with a GFD [49].

What is gluten-free diet ?

GFD is based on the elimination of the alcohol-Bl@duprotein fractions of gliadin in
wheat, secalin in rye and hordein in barley, thatall toxic in CD. The cereals are replaced by
gluten-free cereals such as rice, corn, buckwhedtnaillet. Moreover, some leguminosae such
as quinoa, amaranth and soybean are particulagfylugue to their high protein content quality
as replacements for their gluten containing anaeguHowever, as recommended for celiac
patients, a diet mainly based on naturally glutere tcereals and non-processed food (meat, fish,
poultry, egg, fruit, vegetables) facilitate GFD atdnce and secure the nutritional value of the
diet. Oats that are not contaminated with wheatjuires dedicated supply chain and
manufacturing) have shown to be safe in a GFD in&3) 64] and are allowed as part of GFD in
most countries. In CD, intestinal mucosal healisgdependent on a strict GFD. In NCGS,
however, the health benefit from GFD seems to bstimeymptomatic, and so the degree of diet

strictness is defined by individual tolerance, asggalso for the use of oat.

So far, it is not yet established whether NCGS emési must avoid potential cross-
contamination of gluten. However, it is reportedttsome patients with suspicion of NCGS can
have symptoms even after consumption of small atsoahgluten [5]. In CD the safe level of
gluten intake is often referred to as “less thamgf)/ day”, although a safe limit might be from 10

to 100 mg / day [51]. There is no defined limit gguten intake in NCGS.
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The nature of the GFD has changed over time. Thedual codex standard for gluten-free,
adopted by EU in 2009, reduced the amount of glirnt¢gluten-free” labeled foods from 200 to 20
mg parts per million according to the Food Stanslakdency emanated in 2005. GFD became
popular in the last few years, and the global gitfitee market has increased substantially [65]. The
liberalization of uncontaminated oat [66] and tls® wf pseudocereals as replacement for refined
gluten-free flours have increased both the foodetyaand the nutrient content of the GFD [67, 68].

Still, reports and dietary clinical practice shdwatt GFD differs substantially from gluten
containing diet because of a higher content oafat lower content of protein and fiber [69]. Two
recent studies indicated nutritional inadequacie®late, calcium, iron and zinc in both recently
diagnosed and long-term patients with CD [70, TAhdequate intake did not relate to nutrient
density of the GFD, indicating the importance adtdry education [69]. There is a need to define
the recommended level of gluten exclusion, as wsllits long-term consequences in NCGS
patients.

Dietary adherence

Some attempts have been made to estimate adhdoe@ieD in CD patients. A review of
Hall and coworkers showed strict adherence ratesy 44% to 90%, measured by professional
assessment [72]. The major problem in estimatin® @GBherence resides in its many definitions
and the lack of standardized methods how to meakeractual patients' compliance to diet. The
gold standard method for assessing adherence toiGEBliac patients is still an expert dietitian
evaluation [73] Two different tools based on selfrenistered questionnaire have been developed
[73, 74], but the value of these tools remainsaanvestigated further.

To our knowledge, there is no information on GFDhex@nce in patients with NCGS.
Research in progress from our group show no saanfidifference in GFD adherence between CD
and NCGS (unpublished data). AGA of the 1gG clamgehbeen suggested as a possible marker of
compliance in NCGS patients, since these antibodisappear in a few months together with

symptom resolution [53].
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Nutrient status

Compared to CD patients, nutritional status at msgs and follow-up is not well described
in NCGS patients. In contrast to CD patients, whayrbe malnourished, NCGS patients do not
usually display signs of malnutrition at the timedmgnoses. Deficiency of fat-soluble vitamins
(e.g. vitamin D), B12, folate, iron and calcium aret uncommon in CD patients, and these
parameters should be tested in all CD patients yeaaly follow-up according to guidelines from
the British Society of Gastroenterology [51]. Instudy of 276 NCGS patients diagnosed with
DBPC challenge weight loss was found in 35% of saa® compared to CD (52%). The same
difference was seen for anemia, the frequency b2t and 78% in NCGS and CD patients,
respectively. Although less prevalent than in CI2jght loss and anemia in NCGS patients raise
the question whether these findings are a conseguaimalabsorption or dietary restriction [55].

Another report from the same authors revealed #¥v& of NCGS patients showed
osteopenia or osteoporosis, as compared to 64%Dinp&ients [58]. The frequency of other
micronutrient deficiencies in NCGS is not well déised and there are no guidelines for follow-up
on nutritional status. In the Volta et al. studpdeatory tests showed low ferritin and vitamin D
levels in 23% and 11% of NCGS patients, respegti{#d]. In conclusion, a cautionary approach
should be adopted before concluding on nutritiadeficiencies in NCGS patients at the time of
diagnosis.

Another important issue to consider is to maintigood nutritional intake in the diet over
time. All long-term exclusions of important foocems should be professionally monitored to
reduce risk of malnutrition. Evaluation by a dietit should be a part of the follow-up for NCGS

patients [75].

Management of patientswith persistent Gl-symptoms
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About one third of patients with self-reported NCG®nplain of persistent symptoms while
on a GFD, a figure comparable to that found inte@aCD [17, 76]. This observation might have
several explanations. In addition to wrong diaga@$iNCGS, a poor compliance to diet is the first
option that should be considered. In the Biesiskiegt al. study only 58% of self-diagnosed NCGS
patients reported adherence to GFD [17]. As thedemqts do not suffer from CD, they may feel
they do not need to follow a strict GFD, althougB®S patients can experience more symptoms
than CD patients following a short gluten challefigg]. NCGS patients may also unintentionally
eat gluten and this can only be revealed througiemdietitian evaluation. In addition to gluten,
another cause of persistent symptoms is multipdel fatolerance / hypersensitivities. The next step
is therefore to identify possible dietary factorgydering symptoms, e.g. FODMAPs or oat.
Increasing evidence shows that FODMAPSs e.g. mid&,dream, apple juice, onions, garlic, honey,
legumes and sorbitol/xylitol-sweetened food canseasymptoms in patients with IBS [22] A
systematic elimination and re-introduction of suged items, guided by dietitians, is necessary to
confirm the diagnosis of FODMAP intolerance [78]at® are of high nutritional value and are
generally recommended and regarded as safe in a GFWious data showed that some CD
patients developed enteropathy when oat was indludéhe diet [79, 80]. The risk of enteropathy
in CD patients may depend on oats varieties [66]cdntrast, the role and frequency of oats
intolerance remain to be investigated in NCGS pédie
Enzyme-treatment

Gluten-specific proteases, called glutenases, pextiby bacteria and fungi, might digest
gluten in small fragments, thereby reducing it3dibx for the small intestinal mucosa [81]. A phase
2 clinical trial showed that these enzymes camatte “in vivo” the gluten-induced small intestinal
injury in patients with CD in a GFD containing up2 g gluten daily. This approach is not going to
replace GFD for the treatment of CD, but it coul\ery useful to protect CD patients from the
risk of contaminations. Once validated, this enzyhmerapy could be useful for the treatment of

low-threshold NCGS patients.
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Life-long diet ?

It is still unclear whether NCGS is a permanentransient condition [5, 7, 82]. Only a few
patients with NCGS reintroduce gluten in their diéier the significant improvement achieved by
GFD, because they fear the symptoms will returrecrétically, an attempt to reintroduce gluten
after 1-2 years on GFD might be advized. A propaggatoach might be a desensitization trial with

a progressive introduction of small amounts of ghui83].

Futuretasks

A wide spectrum of clinical and research tasks asgnt future objectives in the field of
gluten-related disorders, in particular for NCG&eTncreasing number of patients who experience
symptoms after gluten ingestion without evidenc€bfand WA has contributed to the recognition
of NCGS as a new gluten-related disorder [5, 7, Mhough the existence of NCGS has been
accepted worldwide, the knowledge regarding thisdsyme is still limited, with many aspects

awaiting further definition [6].

The first challenge is to provide clinicians witblid criteria through which establish a
diagnosis of NCGS. In the future, we think a twepsapproach will be recommendable, namely 1)
identification of suspected patients by showinggmificant improvement of gastrointestinal and
extra-intestinal symptoms as a result of the GRDIline with this, symptom score scales will
represent a mandatory research objective to asgagstoms and their response to GFD; 2) prove
the diagnosis using DBPC trial with gluten. Whilaiting for a valuable biomarker of NCGS, the
only diagnostic strategy to confirm NCGS remains DBPC trial. However, many aspects of
DBPC deserve standardization before being appfig¢da clinical practice. The first issue is related
to the unavoidable taste of gluten, which may mfice patients and generate symptoms (i.e.,
'nocebo-effect’). This issue can possibly be ovedy the use of the muesli bars, which avoid

recognition of the presence of gluten. In ordeotercome the awareness of gluten by the patient,
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recently gluten has been administered in capstlesiever, since capsules may contain 0.5-0.8 gr
of gluten, their number / day may be quite highQjlthus hindering the patients’ compliance.
Secondly, the lack of a standardized dose of gltdelme administered in DBPC trials limited the
interpretation of the results and therefore thguiisis of NCGS. Specifically, how much gluten is
necessary to evoke symptoms? This answer is stigfined as reflected by the wide array of doses
of gluten so far administered ranging from 4.372@og / day [3, 22, 54-56]. Thirdly, because of
the heterogeneity of the experimental protocols iessential that DBPC trials should include a
crossover design in order to better evaluate tBpamse to both gluten and placebo in the same

patient.

Another crucial task in the agenda is the iderdtfan of diagnostic biomarkers for NCGS.
So far, IgG AGA is the only marker positive in ab&®% of NCGS patients (5, 38, 55). Further
studies are aimed to characterize AGA sub-fractiassspecific markers for NCGS. Cytokine /
chemokine response measurable at tissue and plaseia can represent other important markers
for NCGS. Preliminary data have shown an incregseduction of chemokine CXCL10 from the
small intestinal mucosa and PBMC in both CD and I8GS compared to healthy controls [61, 84].
Secretion of CXCL10 is ten-time higher in CD thanNCGS and the entity of the production of
this chemokine might be helpful for differentiati@D from NCGS [61]. These data await
confirmatory evidence by large series of patiergfol® CXCL10 could be regarded a marker of

NCGS.

Although NCGS and CD seem to be two separate esititihe possibility that some cases of
NCGS may evolve to CD cannot be disregarded. Igpodigs are regarded as markers of CD
identifiable in the small intestinal mucosa beftire appearance of serum IgA tTGA [85] and it has
been recently reported that a subset of NCGS pattests positive for IgA deposits to tTG in the
small bowel mucosa [86]. Thus, it is advisable &iedmine IgA deposits to tTG in intestinal
biopsies of NCGS patients. On the other hand, Bedtet al found that among 35 DQ2+ NCGS
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patients, only 3 were diagnosed with CD after dagiichallenge including duodenal biopsies and a
novel HLA-DQ2-gliadin peptide tetramer test [87]hi§ test has later been improved and can
identify CD patients even without gluten challei@®]. Ongoing work will elucidate the role of the
test in work-up of NCGS patients. Moreover, sinde@§ patients display a frequent involvement
of skin and nervous system with finding of dermstiand rash as well as neurological
manifestations, it might be noteworthy to detedttmdies to brain TG (TG6) and skin TG (TG3) in

NCGS patients [89-91].

Another aspect that should be expanding in comeayg/is the possible role of intestinal
microbiome in generating NCGS. It has been hypatkdsthat changes in luminal antigens caused
by an increased amount of Gram-negative bactewagalwith a decrease of Gram-positive
Lactobacilli in the intestinal microbiota of miceight trigger the inflammatory response to dietary
antigens such as gluten [40]. The possible rolentafstinal dysbiosis in the pathogenesis of CD

supports further studies in the field of NCGS [41].

Conclusions and summary

NCGS has been recognized as a new gluten-relateti@ye by the scientific community,
but the knowledge on this syndrome is still incoet@lwith few certainties and many unsettled
issues. The epidemiology of NCGS is to be clarifimat there is growing evidence that it is likely
more frequent than CD and mainly affecting youngn&a. NCGS is regarded as an immune-
mediated disorder characterized by an activatiommdite immunity, but further studies are needed
to confirm this and to determine whether adaptimenunity may contribute to its pathogenesis.
Besides gluten other wheat proteins, such as Adisl FODMAPs might play a role in the
development of this syndrome. The diagnosis of NG&®s on the detection of gastrointestinal
(IBS-like) and extra-intestinal symptoms elicitegt bluten ingestion and improved by gluten

withdrawal in patients with a previous exclusion 6D and WA. DBPC trial is highly
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recommended as confirmatory test for NCGS, butsat has been applied only in research setting
and with too many variables, which have limited tke&ability of this procedure. The scientific

community is searching to improve the diagnostiteda for NCGS through the following

attempts: 1) the definition of a standardized symptrating scale to objectively assess the
improvement of both gastrointestinal and extrastitel symptoms after GFD and to define a
patient as gluten sensitive; 2) the identificatiminspecific biomarkers, including antibodies to
different gluten epitopes and cytokines / chemakisecreted by duodenal mucosa or by PBMC; 3)

the standardization of DBPC cross-over trial asuine test for NCGS diagnosis worldwide.
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Practice points

* NCGS is still a poorly defined syndrome, charazestiby gastrointestinal and extra-
intestinal symptoms elicited by gluten ingestionpiatients without celiac disease
and wheat allergy;

« Symptoms disappear quickly in a few hours or ddier gluten removal from the
diet and recur rapidly when gluten is reintroduced;

* In addition to gluten, other triggers, including kTand FODMAPSs, can be involved
in determining this syndrome;

« NCGS occurs more commonly in young womel{-48' decade of life), while it is
rare in childhood;

* NCGS prevalence is extremely variable ranging fb6% in primary care to 6% in
referral centers;

* So far, there are no available biomarker for NC8&, about 50% of patients are
positive for IgG AGA, which disappear quickly aft8FD together with symptoms;

» Also, no genetic marker has been identified; irtipalar, no correlation with HLA-
DQ2 and -DQ8, markers of celiac disease, has beewuastrated,;

* Double-blind, placebo-controlled, cross-over tiglthe best procedure to confirm
the diagnosis of NCGS;

* Finally, treatment is based on dietary restrictiath particular attention to nutrient

intake.
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Resear ch agenda

The pathogenesis of NCGS is not established ydtetiér adaptive concur to innate

immune mechanisms remains an open issue awaiticglation;

» A standardized rating scale including both gastesitinal and extra-intestinal symptoms
before and after GFD should be adopted for defiaipgtient as gluten sensitive;

» Research should focus on biomarkers for NCGS éngbodies to different gluten epitopes
and cytokines / chemokines secreted by small inshucosa or by PBMC);

» Based on recent implications, another relevantarebetask is to characterize the intestinal
microbiota in NCGS patients;

* A key objective is the standardization of DBPC esmeer trial applicable for NCGS

diagnosis worldwide.
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Table 1. A proposed standardized symptom-rating scale

identifying NCGS.

On gluten- On gluten-free
containing diet diet
(A) (B)
Score Score

Gastrointestinal symptoms
Abdominal pain 0-3 0-3
Bloating 0-3 0-3
Diarrhea 0-3 0-3
Constipation 0-3 0-3
Alternating bowel 0-3 0-3
Regurgitation (GE reflux) 0-3 0-3
Pyrosis 0-3 0-3
Epigastric pain 0-3 0-3
Nausea 0-3 0-3
Aerophagia 0-3 0-3
Aphthous stomatitis 0-3 0-3
Extraintestinal symptoms
Tiredness 0-3 0-3
Headache 0-3 0-3
Anxiety 0-3 0-3
Foggy mind 0-3 0-3
Numbness (arms and legs) 0-3 0-3
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Joint/muscle pain 0-3 0-3
Skin rash 0-3 0-3
Weight loss 0-3 0-3
Anemia 0-3 0-3

Depression 0-3 0-3
Dermatitis 0-3 0-3

Rhinitis 0-3 0-3

Asthma 0-3 0-3

Total score X Y

Decrease of A vs. B score50% = high suspicion of NCGS

Decrease of A vs. B score < 5Q925% = low suspicion of NCGS

Symptoms were scored from 0 to 3 as follows: O seah 1 =
occasionally present; 2 = frequently present; 3lwags presen

with a severe worsening of quality of life.
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Legend to Figure 1.

Diagnostic flow-chart for patients seen on GFD vatblinical history suggestive of NCGS without

a previous exclusion of CD on a gluten-containirey.d
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