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Key insights

Non-celiac gluten sensitivity (NCGS) is a syndrome character-
ized by intestinal and extraintestinal symptoms related to the
ingestion of gluten-containing food in subjects that are not
affected by either celiac disease or wheat allergy. The symp-
toms appear within hours or days following gluten ingestion.
Although NCGS is triggered by gluten-containing cereals, the
dietary protein culprit has not yet been identified and may in-
clude component(s) that are distinct from gluten itself.

Current knowledge

Unlike for celiac disease, no genetic predisposing factors for
NCGS have been identified so far. The disease mechanisms also
remain to be elucidated. Experimental data suggest the possible
role of an abnormal, wheat-induced innate response, as well as
alterations in small intestinal permeability leading to excessive
absorption of gluten-derived peptides. Since no validated diag-
nostic biomarkers have been identified, the diagnostic protocol
relies on establishing a clear link between gluten ingestion and
the appearance of symptoms. The main goals of diagnosis are
evaluating the patient’s clinical response to a gluten-free diet
and assessing the effects of gluten re-introduction.

Practical implications

NCGS patients typically present with a combination of irritable
bowel syndrome (IBS)-like symptoms, including abdominal
pain, bloating, bowel habit abnormalities, and systemic mani-
festations including fatigue, joint and muscle pain, dermatitis
(eczema or skin rash), anemia, and neurological symptoms.
Treatment of NCGS is based on the gluten-free diet, but it is un-
known whether strict avoidance of all gluten-containing prod-
ucts is necessary. Since NCGS may be transient, gluten tolerance

© 2015 S. Karger AG, Basel

KARGER 125

E-Mail karger@karger.com
www.karger.com/anm

©000000000000000000000000000000000000000000000000000000

Symptoms:
gastrointestinal,
neurological,
psychiatric disorders
No celiac
disease
\ Symptoms
worsen
/ after gluten
ingestion
/ =
2
No classical S )
wheat Possible
allergy IgG-AGA

positivity

Key characteristics of patients with NCGS.

should be reassessed over time. Patients who show
gluten challenge should be investigated for othe
causes of IBS-like symptomes, i.e. intolerance to fe
oligo-, di-, and mono-saccharides and polyols (FO,
small bowel bacterial overgrowth.

Recommended reading

Sapone A, Lammers KM, Mazzarella G, Mikhailenkc
M, Casolaro V, Fasano A: Differential mucosal IL-17
in two gliadin-induced disorders: gluten sensitivity a
toimmune enteropathy celiac disease. Int Arch Allerg
2010;152:75-80.



Gluten: Friend or Enemy?

Published online: November 26, 2015

.An.nals of
Nutl‘ltlon Ann Nutr Metab 2015;67(suppl 2):16-26
Metabolism DOI: 10.1159/000440990

Gluten Sensitivity

Carlo Catassi

Department of Pediatrics, Universita Politecnica delle Marche, Ancona, Italy

Key Messages

® Non-celiac gluten sensitivity (NCGS) is a syndrome
characterized by intestinal and extraintestinal
symptoms related to the ingestion of gluten-
containing food in subjects who are not affected by
either celiac disease (CD) or wheat allergy.

® Indirect evidence suggests that NCGS is more
common than CD, the latter affecting around 1% of
the general population.

® The diagnosis of NCGS is based on establishing a
clear-cut cause-effect relationship between the
ingestion of gluten and the appearance of symptoms
by a standardized double-blind, placebo-controlled
gluten challenge.
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Abstract

Non-celiac gluten sensitivity (NCGS) is a syndrome charac-
terized by intestinal and extraintestinal symptoms related to
the ingestion of gluten-containing food in subjects who are
not affected by either celiac disease (CD) or wheat allergy

(WA). The prevalence of NCGS is not clearly defined yet. Indi-
rect evidence suggests that NCGS is slightly more common
than CD, the latter affecting around 1% of the general popu-
lation. NCGS has been mostly described in adults, particu-
larly in females in the age group of 30-50 years; however,
pediatric case series have also been reported. Since NCGS
may be transient, gluten tolerance needs to be reassessed
over time in patients with NCGS. NCGS is characterized by
symptoms that usually occur soon after gluten ingestion,
disappear with gluten withdrawal, and relapse following
gluten challenge within hours/days. The ‘classical’ presenta-
tion of NCGS is a combination of irritable bowel syndrome-
like symptoms, including abdominal pain, bloating, bowel
habit abnormalities (either diarrhea or constipation), and
systemic manifestations such as ‘foggy mind’, headache, fa-
tigue, joint and muscle pain, leg or arm numbness, dermati-
tis (eczema or skin rash), depression, and anemia. In recent
years, several studies explored the relationship between the
ingestion of gluten-containing food and the appearance of
neurological and psychiatric disorders/symptoms like ataxia,
peripheral neuropathy, schizophrenia, autism, depression,
anxiety, and hallucinations (so-called gluten psychosis). The
diagnosis of NCGS should be considered in patients with
persistent intestinal and/or extraintestinal complaints show-
ing a normal result of the CD and WA serological markers on
a gluten-containing diet, usually reporting worsening of
symptoms after eating gluten-rich food. NCGS should not
be an exclusion diagnosis only. Unfortunately, no biomarker
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is sensitive and specific enough for diagnostic purposes;
therefore, the diagnosis of NCGS is currently based on estab-
lishing a clear-cut cause-effect relationship between the in-
gestion of gluten and the appearance of symptoms by a
standardized double-blind, placebo-controlled gluten chal-
lenge. ©2015 S. Karger AG, Basel

Introduction

Non-celiac gluten sensitivity (NCGS) is a syndrome
characterized by intestinal and extraintestinal symptoms
related to the ingestion of gluten-containing food in sub-
jects that are not affected by either celiac disease (CD) or
wheat allergy (WA) [1-2]. The terminology ‘NCGS’ is still
a matter of debate and could be changed into ‘non-celiac
wheat sensitivity” in the future, although this would ex-
clude possible offending gluten-containing cereals like
barley and rye. Although the first cases of NCGS were re-
ported in the 1970s [4-5], this entity has been rediscov-
ered recently, following the work published in 2010 by
Sapone et al. [6] describing clinical and pathophysiologi-
cal features of NCGS. Since then, the number of papers
reporting on NCGS has grown exponentially, as well as
the number of persons treated with the gluten-free diet
(GFD) because of a wide array of symptoms or conditions.

The prevalence of NCGS is not clearly defined yet. In
the US and UK, more than 10% of adults currently start
treatment with the GFD for different reasons and dura-
tion of time; however, many of these cases are self-diag-
noses not verified by a doctor [7]. Indirect evidence sug-
gests that ‘true’ NCGS is slightly more common than CD
[8], the latter affecting around 1% of the general popula-
tion [9]. NCGS has been mostly described in adults, par-
ticularly in females in the age group of 30-50 years; how-
ever, pediatric case series have also been reported [10-
11].

Although NCGS is triggered by the ingestion of glu-
ten-containing cereals, the offending dietary component
has not been identified yet and could include proteins
that are different from gluten itself, e.g. the cereal protein
amylase-trypsin inhibitors (ATIs) [3]. Evidence is also ac-
cumulating on the possible role of so-called FODMAPs
(fermentable oligo-, di-, and mono-saccharides and poly-
ols) in the induction of NCGS-like intestinal manifesta-
tions, e.g. bloating and/or diarrhea [12]. Unfortunately,
NCGS and FODMAP intolerance may overlap to some
extent, since gluten-rich food, particularly wheat, also
contains a high amount of FODMAPs. At variance with
CD, no genetic predisposing factor has been identified in
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Table 1. The clinical manifestations of NCGS (from Catassi et al.

(39])
Intestinal Extraintestinal
Very common
Bloating Lack of wellbeing
Abdominal pain Tiredness
Common
Diarrhea Headache
Epigastric pain Anxiety
Nausea Foggy mind
Aerophagia Numbness
Gastroesophageal reflux Joint/muscle pain
Aphthous stomatitis Skin rash/dermatitis
Alternating bowel habits
Constipation
Undetermined
Hematochezia Weight loss
Anal fissures Anemia
Loss of balance
Depression
Rhinitis/asthma

Weight increase
Interstitial cystitis
Ingrown hairs

Oligo- or polymenorrhea
Sensory symptoms
Disturbed sleep pattern
Hallucinations

Mood swings

Autism

Schizophrenia

NCGS patients so far. The disease mechanism/s also re-
mains to be elucidated. Experimental data seem to indi-
cate a possible role for an abnormal, wheat-induced in-
nate response, as well as alterations in the small intestinal
permeability (‘leaky gut’) leading to excessive absorption
of gluten-derived peptides [3, 6, 13].

Clinical presentation of NCGS might be multi-system-
ic, and there have been a range of signs and symptoms
reported in association with this condition (table 1). The
latency between gluten ingestion and the appearance of
symptoms is usually short, within hours or days. Since we
still do not have validated biomarker(s) for the diagnosis
of NCGS, the diagnostic protocol remains cumbersome
and based on the evidence of a clear-cut relationship be-
tween the ingestion of gluten and clinical symptoms.
Treatment of NCGS is based on the celiac-type GFD, al-
though it is unknown whether strict avoidance of all glu-
ten-related products is necessary or not. Since NCGS may
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be transient, gluten tolerance needs to be reassessed over
time in patients with NCGS.

In this paper, I will focus on the clinical aspects of
NCGS as well as strategies that may help to make a posi-
tive diagnosis of NCGS, which is not only based on the
exclusion of other gluten-related disorders.

Clinical Picture

NCGS is characterized by symptoms that usually oc-
cur soon after gluten ingestion, disappear with gluten
withdrawal, and relapse following gluten challenge with-
in hours or days.

The “classical’ presentation of NCGS is a combination
of irritable bowel syndrome (IBS)-like symptoms, includ-
ing abdominal pain, bloating, bowel habit abnormalities
(either diarrhea or constipation), and systemic manifesta-
tions such as ‘foggy mind’, headache, fatigue, joint and
muscle pain, leg or arm numbness, dermatitis (eczema or
skin rash), depression, and anemia (table 1). When seen at
a specialty clinic, many NCGS patients already report the
causal relationship between the ingestion of gluten-con-
taining food and worsening of symptoms. In children,
NCGS manifests with IBS-like symptoms, such as abdom-
inal pain and chronic diarrhea, while the extraintestinal
manifestations seem to be less frequent (the most common
extraintestinal symptom being tiredness) [6, 8, 10, 13].

In recent years, several studies have explored the re-
lationship between the ingestion of gluten-containing
food and the appearance of neurological and psychiatric
disorders/symptoms like ataxia, peripheral neuropathy,
schizophrenia, autism, depression, anxiety, and halluci-
nations (see the following paragraphs).

NCGS and IBS: A Multi-Faceted Relationship

The possibility that gluten ingestion may elicit gastro-
intestinal, IBS-like symptoms in non-CD patients has
been confirmed by several studies [6, 8, 13, 14].

In 2011, Biesiekierski et al. [15] reported that gluten
caused gastrointestinal symptoms in non-CD IBS sub-
jects investigated by a randomized, double-blind place-
bo-controlled (DBPC) trial. Of 19 patients (68%) in the
gluten group, 13 reported that symptoms were not ade-
quately controlled compared with 6 of 15 (40%) on pla-
cebo. On a visual analog scale, patients were significantly
worse with gluten within 1 week regarding overall symp-
toms, pain, bloating, satisfaction with stool consistency,
and tiredness [15]. However, in a subsequent study, the
same research group reached different conclusions based
on the results of a different DBPC crossover trial on 37
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patients with IBS/self-reported NCGS [16]. Patients were
randomly assigned to a period of reduced low-fer-
mentable, poorly absorbed, short-chain carbohydrates
(FODMAPs) diet and then placed on either a gluten or
whey protein challenge. In all participants, gastrointesti-
nal complaints consistently improved during reduced
FODMAP intake but significantly worsened to a similar
degree when their diets included gluten or whey proteins.
The FODMAP list includes fructans, galactans, fructose,
and polyols that are contained in several foodstuffs, in-
cluding wheat, vegetables, and milk derivatives. These re-
sults 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 [16]. However, it should
be stressed 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 a GFD despite continuing to ingest
FODMAPs from other sources, like legumes.

Carroccio et al. [17] reviewed the clinical charts of all
subjects with an IBS-like presentation who had been di-
agnosed with NCGS using a DBPC challenge in the years
2001-2011. Two hundred and seventy-six patients with
NCGS were included. Two groups showing distinct clin-

FODMAPs cannot be entirely and
exclusively responsible for the
symptoms reported by NCGS subjects

ical characteristics were identified: NCGS alone and
NCGS associated with multiple food hypersensitivity. As
a group, the NCGS patients showed a higher frequency of
anemia, weight loss, self-reported wheat intolerance, co-
existent atopy, and food allergy in infancy than the IBS
controls. There was also a higher frequency of positive
serum assays for IgG/IgA anti-gliadin antibodies (AGA)
and cytometric basophil activation in in vitro assay. The
main histology characteristic of NCGS patients was eo-
sinophil infiltration of the duodenal and colon mucosa.
Patients with NCGS alone were characterized by clinical
features very similar to those found in CD patients. Pa-
tients with multiple food sensitivity were characterized by
clinical features similar to those found in allergic patients.
Based on these data, authors suggested the existence of
two distinct populations of subjects with NCGS, one with
characteristics more similar to CD and the other with
characteristics pointing towards a food allergy [17].
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Fig. 1. Pathophysiological classification of
IBS.

In summary, these new studies seem to indicate that
the pathophysiology of IBS is much more complex than
previously thought and may include different, non-
mutually exclusive factors related to food (gluten,
FODMAPs, etc.), together with microbiological agents,
genetic and psychosomatic components (fig. 1). From
this view, it follows that many ‘idiopathic’ cases of IBS
may find a treatment solution by planning a step-by-step
diagnostic algorithm.

Gluten Sensitivity and Autism

Research on the effect of diet and nutrition on autistic
spectrum disorder (ASD) has been increasing in the past
two decades, particularly on the symptoms of hyperactiv-
ity and attention. One of the most popular interventions
for ASD is the gluten-free casein-free (GFCF) diet. The
possible effect of the GFCF in children with autism is not
due to underlying CD, since an association between these
two conditions has never been clearly confirmed by sero-
logical screening studies [18]. It has been hypothesized
that some symptoms may be caused by opioid peptides
formed from the incomplete breakdown of foods con-
taining gluten and casein. Increased intestinal permeabil-
ity, 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 neurotrans-
mission within the nervous system (fig. 2). The resulting
excess of opioids is thought to lead to behaviors noted in
ASD, and the removal of these substances from the diet
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could determine a change in autistic behaviors [19]. The
leaky gut/autism connection has fueled a strong debate
within the scientific community, which is far from being
settled.

A recent study has reported a high percentage of ab-
normal intestinal permeability test values [as established
by the lactulose/mannitol (L/M) ratio] among patients
with autism and their relatives compared with normal
subjects. Patients with autism on a reported GFCF diet
had significantly lower intestinal permeability test values
compared with those who were on an unrestricted diet
and controls [20]. However, Robertson et al. [21] did not
detect any changes in intestinal permeability in a small
cohort of ASD children. In another study, neither the
L/M ratio nor behavioral scores were different between
groups exposed to gluten/dairy or placebo. The changes
observed were noted to be small and not clinically sig-
nificant. However, this study was admittedly under-
powered to show small differences [22]. The finding of
IgG-class antibodies directed against food antigens is
considered indirect evidence of increased intestinal per-
meability. Children with autism have significantly higher
levels of IgG AGA (but not IgA) compared with healthy
controls, particularly those with gastrointestinal symp-
toms [23]. Recent studies confirmed these findings and
also reported an increase in antibodies directed to several
other food allergens, including casein and whole milk
[24].

Despite its popularity, the efficacy of the GFCF diet in
improving autistic behavior remains to be proven. A 2008
Cochrane review reported that only two small random-
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The leaky gut-brain hypothesis

Incomplete digestion of
gluten and casein peptides

!

Intestinal absorption of peptides
through a leaky intestinal barrier

!

Serum food peptides cross
the blood-brain barrier

!

Gliadorphins and casomorphins
link to brain opioid receptor

!

Negative effect on attention, devel-
opment, social interaction and learning

Fig. 2. The suggested mechanism connecting gluten/casein inges-
tion with negative effects of brain function.

ized controlled trials investigated the effect of the GFCF
diet in children with ASD (n = 35). There were only three
significant treatment effects in favor of the diet interven-
tion: overall autistic traits, mean difference (MD) = —5.60;
social isolation, MD = —3.20, and overall ability to com-
municate and interact, MD = 1.70. In addition, three out-
comes were not different between the treatment and con-
trol group, while differences for ten outcomes could not
be analyzed because data were skewed. The review con-
cluded that the evidence for efficacy of these diets is poor,
and large-scale good-quality randomized controlled trials
are needed [25]. Similar conclusions were reached by a
recently published systematic review on treatment of au-
tistic children with the GFCF diet [26].

In a two-stage randomized controlled study of the
GFCF diet in children with ASD, Whiteley et al. [27] re-
cently reported significant group improvements in core
autistic and related behaviors after 8 and 12 months on
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
[27]. Analyses indicated several factors to be potentially
pertinent to a positive response to the dietary interven-
tion 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 de-
rive most benefit from the dietary intervention [28]. The
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above data suggest that removing gluten from the diet
may positively affect the clinical outcome in some chil-
dren 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 recently performed on 74 children with
ASD with severe maladaptive behavior and increased uri-
nary intestinal fatty acids binding protein (I-FABP, i.e. a
marker of enterocyte damage) to test the potential ‘toxic-
ity’ of gluten/casein. Subjects on a regular diet were ran-
domized 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 ex-
cretion [29].

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

NCGS and Other Psychiatric Disorders

An association between schizophrenia and CD was
noted in reports spanning back to the 1960s [30]. In 1986,
a double-blind gluten-free/gluten-load controlled trial of
24 patients conducted by Vlissides et al. [31] 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.
[32] 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. [33]
tested 26 schizophrenic patients on a locked ward as-
signed to either a gluten-free or gluten-rich diet. No dif-
ferences were found between the groups on their perfor-
mance in a battery of psychological tests. A recent study
using blood samples from the Clinical Antipsychotic Tri-
als 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 com-
pared with 3.1% of controls. Interestingly enough, a large
proportion of transglutaminase (tTG)-positive 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 [34]. Addi-
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tional studies revealed that most of the tTG-positive sub-
jects were tTG-6 positive, suggesting that these antibodies
are more a biomarker of neuroinflammation than CD
[35]. This study indicated the existence of a specific im-
mune response to gluten in some of these patients, prob-
ably related to NCGS. Other studies confirmed the high
prevalence of AGA among people with schizophrenia
[36]; however, the exact mechanism underlying the ob-
served improvement of symptoms with the GFD in some
patients has remained elusive.

In 2014, Genuis and Lobo [37] reported on a patient
who, around the age of 4 or 5 years, began to experience
recurrent gastrointestinal problems, as well as the onset
of frequent visual and auditory hallucinations. These ex-
periences occurred on a nearly daily basis and were ‘just
a part of (her) life’. As she grew older, she also found these
hallucinations quite distracting, rendering her unable to
concentrate adequately in school or to study for exams.
The hallucinations as well as the gastrointestinal symp-
toms continued throughout her childhood and teenage
years, causing her to miss considerable amounts of school.
After attending nutrition lectures, the patient was intro-
duced to the idea of gluten sensitivity and decided to ab-
stain from gluten exposure. After eliminating gluten, her
gastrointestinal symptoms and hallucinations completely
abated, and she felt an improvement in her ability to con-
centrate. When reexposed to gluten, relapse consistently
occurred within 3-5h and would result in significant dis-
orientation and departure from reality. At the follow-up
visit (more than 12 months of treatment with the GFD),
she had no further exposure to gluten and was symptom
free with no intestinal or neuropsychiatric complaints
[37].

A similar case report has been recently published by
our group. We described the clinical history of a 14-year-
old girl seen at our outpatient gastroenterology clinic be-
cause of psychotic symptoms that were apparently asso-
ciated with gluten consumption. Two years before, she
had become increasingly irritable and started to report
daily headache and concentration difficulties. Her symp-
toms worsened presenting with severe headache, sleep-
ing problems, and behavior alterations, with several un-
motivated crying spells and apathy. Psychiatric symp-
toms worsened, and she began to have complex halluci-
nations. These involved vivid scenes either with family
members (she heard her sister and her boyfriend having
bad discussions) or without (she saw people coming out
of the television to follow and scare her), and hypnagogic
hallucinations when she relaxed in bed. An accurate
neurological and general workup yielded a normal result.
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Treatment with olanzapine was started, but the psychotic
symptoms persisted. In November 2013, due to gastroin-
testinal symptoms and weight loss, a nutritionist was con-
sulted and a GFD was recommended for symptomatic
treatment; unexpectedly, within 1 week of GFD, not only
the intestinal but also the psychiatric symptoms improved
dramatically. After some months, a DBPC gluten chal-
lenge definitely confirmed the diagnosis of NCGS. Dur-
ing the second day of the wheat flour challenge, the girl
presented headache, halitosis, abdominal distension,
mood disorders, fatigue, and poor concentration, and
three episodes of severe hallucinations (that were video-
recorded). The girl refused to continue the gluten chal-
lenge and went back to the GFD, with a complete and
persistent regression of all symptoms within 1 week. Our
case report confirms the existence of ‘gluten psychosis’ as
a possible manifestation of NCGS [38].

The diagnosis of NCGS is based on
establishing a clear-cut cause-effect
relationship between the ingestion of
gluten and the appearance of
symptoms

Toward a Positive Diagnosis of NCGS

The diagnosis of NCGS should be considered in pa-
tients with persistent intestinal and/or extraintestinal
complaints showing a normal result of the CD and WA
serological markers on a gluten-containing diet, usually
reporting worsening of symptoms after eating gluten-
rich food. Table 2 shows the major features of NCGS,
CD, and WA that may help to differentiate these differ-
ent forms of gluten-related disorders. However, NCGS
should not be an exclusion diagnosis only. Unfortunately
no biomarker is sensitive and specific enough for diag-
nostic purposes (see below). Therefore, the diagnosis of
NCGS is based on establishing a clear-cut cause-effect re-
lationship between the ingestion of gluten and the ap-
pearance of symptoms. The aim of the confirmation of
the diagnosis of NCGS should be twofold: (1) assessing
the clinical response to the GFD and (2) measuring the
effect of reintroducing gluten after a period of treatment
with the GFD. The standardization of the diagnostic pro-
cedure has been recently published by a group of interna-
tionally recognized experts on gluten-related disorders,
and will be briefly summarized herein [39].
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Table 2. Different features of CD, WA, and NCGS

CD

NCGS

WA

Time interval between
gluten exposure and
onset of symptoms
Pathogenesis

HLA

Autoantibodies

Enteropathy

Symptoms

Complications

Weeks-years

Autoimmunity (innate and
adaptive immunity)

HLA-DQ2/8 restricted
(~97% positive cases)

Almost always present

Almost always present

Both intestinal and extra-
intestinal (not distinguishable
from GS and WA with GI
symptoms)

Co-morbidities, long-term
complications

Hours-days

Immunity? (innate immunity?)

Not HLA-DQ2/8 restricted
(50% DQ2/8-positive cases)

Always absent
Always absent (slight increase in IEL)

Both intestinal and extraintestinal
(not distinguishable from CD and
WA with GI symptoms)

Absence of co-morbidities and long-
term complications (long follow-up
studies needed to confirm it)

Minutes-hours

Allergic immune response

Not HLA-DQ2/8 restricted
(35-40% positive cases as in the
general population)

Always absent

Always absent (eosinophils
in the lamina propria)

Both intestinal and extra-
intestinal (not distinguishable
from CD and GS with GI
symptoms)

Absence of co-morbidities,
short-term complications
(including anaphylaxis)

GI = Gastrointestinal; GS = gluten sensitivity; IEL = intraepithelial lymphocytes.

In both step 1 and step 2, the clinical evaluation is
performed using a self-administered instrument incor-
porating a modified version of the Gastrointestinal
Symptom Rating Scale (GSRS) [40]. The instrument al-
so includes items evaluating the extraintestinal NCGS
manifestations. The patient identifies one to three main
symptoms that will be quantitatively assessed using a nu-
merical rating scale with a score ranging from 1 (mild) to
10 (severe).

Step 1: Definition of a Patient Responsive to the GFD

(Patient on a Gluten-Containing Diet)

The following actions establish responsiveness to the
GFD. (1) A patient on a gluten-containing diet is assessed
by the diagnostic questionnaire at weeks -2, -1, and 0 to
establish baseline symptoms. (2) At time 0, the GFD is
started after detailed explanation (preferably by a dieti-
tian). (3) Timeline: at least 6 weeks of verified GFD. Al-
though the amelioration of symptoms is expected shortly
after starting the GFD, a prolonged observation is needed
to properly investigate the causal relationship, particu-
larly for fluctuating symptoms (e.g. headache). (4) Data
recording: weekly completion of the questionnaire from
week 0 to 6. The patient will identify one to three main

22 Ann Nutr Metab 2015;67(suppl 2):16-26
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symptoms. The response parameters are those with an
initial score of at least 3 on the numerical rating scale.
The response is assessed for each parameter separately.
A symptomatic response is a decrease of at least 30% of
the baseline score. Responders are defined as patients
who fulfill the response criteria (>30% reduction of one
to three main symptoms or at least one symptom with
no worsening of others) for at least 50% of the observa-
tion time (i.e. at least three of six weekly evaluations).
The diagnosis of NCGS is excluded in subjects failing
to show a symptomatic improvement after 6 weeks of
GFD. GFD-unresponsive patients should be investigated
for other possible causes of symptoms, e.g. intolerance to
FODMAPs or small bowel bacterial overgrowth.

Step 2: The Gluten Challenge (Patient on the GFD)

In view of the currently high rate of perceived gluten
sensitivity and the possible placebo effect of any dietary
intervention, the DBPC gluten challenge demonstration
of a clear-cut relationship between gluten ingestion and
symptoms appearance is a crucial step in the diagnostic
algorithm of NCGS. 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 chal-
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Fig. 3. The flow diagram of NCGS diagnostic confirmation. A and B are the oral vehicle containing gluten or
placebo in the DBPC challenge (from Catassi et al. [39]).

lenge. The duration of the challenge period may occa-
sionally be longer than 1 week in patients showing fluc-
tuating symptoms, such as headache or neurobehavioral
problems. The questionnaire is self-administered and
filled in at baseline and daily during the first 7-day chal-
lenge (or less if symptoms prevent completion of 7 days),
the washout period, and the second 7-day challenge (or
less if symptoms prevent completion of 7 days). During
the challenge, the patient will identify and report one to
three main symptoms, without necessarily filling in the
full questionnaire. A variation of at least 30% between the
gluten and the placebo challenge should be detected to
discriminate a positive from a negative result.

The suggested dose of gluten to be used for the chal-
lenge is 8 g, which is both close to the average daily intake
of gluten in Western countries (10-15 g) [41] and easy to
mix with the vehicle. As far as the gluten ‘vehicle’ is con-
cerned, gelatin capsules are discouraged. The best-suited
vehicle is yet to be developed, for instance it could take
the form of a muesli bar, bread, or muffin, possibly dif-
ferent in children and adults. The vehicle should contain
cooked, homogeneously distributed gluten and should
be analyzed in order to know exactly the content of the
pro-inflammatory factor ATIs. The gluten preparations
should be prepared/tested for ATI bioactivity to contain
at least 0.3 g of ATIs/8 g of gluten or gluten should be

Gluten Sensitivity

used with a defined ATI content. The vehicle should be
FODMAP free. The placebo vehicle must be completely
gluten-free. Gluten and placebo preparations must be
undistinguishable in look, texture, and taste as well as
balanced in fibers, carbohydrate, fat, and possibly pro-
tein content.

The threshold of a 30% increment in symptoms is
somewhat arbitrary and needs scientific validation. Pa-
tients showing a negative gluten challenge should be in-
vestigated for other possible causes of IBS-like symptoms,
e.g. intolerance to FODMAPs or small bowel bacterial
overgrowth. The flow diagram suggested for the confir-
mation of a NCGS diagnosis is shown in figure 3.

Searching for a Biomarker of NCGS

No specific and sensitive NCGS biomarker is current-
ly available for clinical purposes; however, the research
on this issue is currently very active. A search on www.
clinicaltrials.gov performed on July 24, 2015, identified
seven studies currently in progress to evaluate serological
and mucosal indexes that could eventually find an appli-
cation for diagnosing NCGS in clinical practice.

Although the most specific CD serological markers,
such as IgA-class anti-tTG and EMA, are negative in
NCGS patients by definition, IgG-class AGA directed
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Fig. 4. The astronomical system of gluten-related disorders. Beyond the autoimmune planet of CD, and related
satellites, i.e. dermatitis herpetiformis (DH) and gluten ataxia (GA), other identified planets include WA, NCGS,
and subgroups of patients affected with autism and IBS.

against native gliadin are found more frequently in these
cases (about 50%) than in the general population, when
eating a gluten-containing diet. Therefore, the finding of
isolated IgG-AGA positivity may be a clue to the diagno-
sis of NCGS. When initially positive, [gG AGA normalize
more quickly in NCGS than CD patients after starting
treatment with the GFD [42]. However, the determina-
tion of IgG AGA cannot be recommended for clinical
use due to the poor specificity of this test.

The hypothesis of a ‘leaky gut’ as a cause of NCGS-
related neuropsychiatric disorders has been previously
mentioned, as well as the limitations of laboratory tests
exploring the intestinal barrier function, e.g. the L/M test.

Conclusions

NCGS is a recently ‘rediscovered’ planet in the astro-
nomical system of gluten-related disorders, which seems
to be even bigger than the CD planet (fig. 4). Over the past

24 Ann Nutr Metab 2015;67(suppl 2):16-26
DOI: 10.1159/000440990

decade, both the number of patients and the number of
publications on NCGS have increased greatly. The clini-
cal picture of NCGS is variable and usually includes IBS-
like gastrointestinal manifestations and neurological
symptoms, 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 cur-
rently 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 challenge is a crucial step in the diagnostic
algorithm of NCGS. Although validated biomarker(s) for
the diagnosis of NCGS are not available yet, the diagnos-
tic criteria for NCGS described in this paper can help to
optimize clinical care, avoid self-diagnosis, and advance
the science of NCGS. The identification and validation of
biomarker(s) will be instrumental to gain insights in
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NCGS pathogenesis, to establish the trigger(s) of this con-
dition, and ultimately to establish the magnitude of this

clinical condition.
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