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Introduction

In the last years, clinicians have become progres-
sively aware of a new clinical challenge in the field of
gluten-related disorders, i.e. a condition referred to as

non-celiac gluten sensitivity (NCGS). Patients with
such syndrome complain of symptoms related to
gluten ingestion in the absence of celiac disease (CD)
and wheat allergy (WA).1,2 The reasons to explain the
occurrence of NCGS in the clinical setting are still un-
defined. However, a number of factors are thought to
have exerted a role over the years. First, the mecha-
nization of farming and the growing industrial use of
pesticides certainly played a role in selecting variants
of wheat containing high amount of toxic gluten pep-
tides. This has clearly contributed to increase the
spread of gluten-related symptoms in the general pop-
ulation.3,4 Secondly, another possible factor should be
ascribed to the reduced time of dough fermentation,
resulting in a higher content of toxic gluten fractions
in bread and bakery products compared to the past.
Thirdly, the worldwide spread of the Mediterranean
diet based on a high intake of gluten-containing foods
may play a role in triggering gluten-related symptoms.
Finally, the media hype has drawn the attention of peo-
ple towards gluten as a potential toxic element, claim-
ing that a gluten free diet represents healthy food
style.5 Thus, media hype led many subjects to believe
that their symptoms were due to gluten. Nonetheless,
a clear-cut correlation between the ingestion of gluten
and appearance of symptoms in a proportion of these
patients has strengthened the awareness of a new
gluten-related disorder distinct from CD and WA in
the scientific community.6,7

From a clinical stand point, NCGS is characterized
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by a wide array of gastro-intestinal and extra-intestinal
symptoms, occurring shortly after gluten ingestion,
improving (or even disappearing) in a few days when
gluten is withdrawn from the diet and recurring rap-
idly when gluten is reintroduced.2,6,7 A mandatory pre-
requisite for suspecting this condition is to rule out the
diagnosis of both CD and WA when patients are on a
gluten-containing diet. Although NCGS has been only
recently recognized as a new gluten related syndrome,
its existence has been postulated more than 30 years
ago by means of a double-blind cross-over performed
in 8 non-celiac women with diarrhea and abdominal
pain, confirming that the symptoms were elicited by
gluten in 6 of them.8 In 2000, a Finnish group demon-
strated that a large proportion of patients with positiv-
ity for anti-gliadin antibodies and normal intestinal
mucosa complained of intestinal symptoms induced
by gluten ingestion, therefore extending the concept
of gluten sensitivity beyond the well-recognized CD.9
It is unclear why these two papers did not reach the
awareness of the scientific community. However, this
behavior certainly contributed to relegate NCGS in the
no man’s land for many years.10

Over the last 3 years the experts of gluten related
disorders have started again to work on this condition
as shown by the two Consensus Conferences, held in
London (2011) and Munich (2012), and by several sci-
entific original papers and reviews on this topic.1,2,6,7,11-14

Although there is a general agreement that NCGS
does exist, our knowledge on this syndrome is still
lacking with many aspects waiting to be clarified.
Scarce information has been generated on its patho-
genesis, epidemiology and diagnostic biomarkers.
Moreover, whether NCGS is a transient or a perma-
nent disorder still remains an open issue. One of the
most critical aspects is the absence of specific bio-
markers which does not allow to identify with cer-
tainty NCGS. This condition is therefore diagnosed
only clinically based on symptom evaluation follow-
ing gluten ingestion.

This review has been designed to provide a prac-
tical guidance to general practitioners and internists as
to pathophysiology, diagnosis and management of pa-
tients with NCGS.

Pathogenesis

The pathogenic mechanisms of NCGS are far to
be established. Preliminary data suggest that NCGS is
an immune mediated disorder, triggered by an activa-
tion of innate immunity without a well-demonstrated
involvement of adaptive immunity which is instead a
pivotal factor in the development of CD.15-17 The acti-
vation of innate immunity in NCGS is supported by
the increased expression of toll-like-receptors (TLRs)
in the small intestine. Particularly, TLR2 and, to a

lesser extent, TLR1 and TLR4, a class of proteins that
plays a key role in innate immunity, have been identi-
fied in the intestinal mucosa and some cells of the lam-
ina propria of patients with NCGS.15 At variance with
CD, adaptive immunity markers, such as interleukin
(IL)17A, IL-6, IFN-g, IL-17 and IL-21, have not been
observed to be over-expressed in the duodenal mucosa
of NCGS patients.16 Furthermore, NCGS differs from
CD in terms of duodenal expression of TREG marker
FOXP3 which is reduced in gluten sensitive patients
compared to celiacs. Therefore, the reduced expres-
sion of FOXP3 might be interpreted as a result of a
less prominent activation of adaptive immunity in
NCGS vs CD.

The epithelial barrier function of the intestinal mu-
cosa has been investigated in NCGS.1,15 Differently
from CD, NCGS patients usually show a reduced in-
testinal permeability measured by a lactulose/mannitol
absorption test, suggesting an increased intestinal bar-
rier function in this condition.15 A significantly higher
expression of claudin-4 mRNA, a marker of reduced
permeability, has been found in duodenal biopsies of
NCGS patients. Different results have been reported
by Vazquez-Roque et al. who found an increased in-
testinal permeability in a subgroup of human leuko-
cyte antigen (HLA)-DQ2/DQ8+ patients with
diarrhea-predominant irritable bowel syndrome fol-
lowing gluten challenge.18 This discrepancy implies
that further studies are necessary to define small in-
testinal permeability in NCGS.

Experimental studies have shown that HLA-DQ8
transgenic mice sensitized by gliadin have an in-
creased secretion of acetylcholine from the myenteric
plexus and this results in an enhanced muscle contrac-
tility and epithelial hypersecretion. Both abnormalities
disappeared after gluten withdrawal.19 Moreover,
changes of the intestinal microbiota with an increased
concentration of Gram– bacteria and a decreased num-
ber of Gram+ Lactobacilli might favour the inflamma-
tory response to gluten.20

Recent evidence indicated that gluten proteins are
not the only factor responsible for the clinical picture
of NCGS. Indeed, other wheat proteins are likely to
play a role in determining this syndrome in most pa-
tients. In particular, the attention of researchers has
been focused on wheat amylase trypsin inhibitors
(ATIs), which are strong activators of innate immune
responses in monocytes, macrophages and dendritic
cells.21 ATIs might trigger inflammatory and immune
responses in a variety of disorders including NCGS,
CD and Baker’s asthma.

A diet rich in fermentable oligo-, di-, and mono-
saccharides and polyols (FODMAPs) can elicit the
clinical picture of NCGS.22 FODMAPs are poorly ab-
sorbed short-chain carbohydrates, that, due to their
small molecular size and rapid fermentability, cause
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the distension of the intestinal lumen with liquid and
gas leading to functional gastrointestinal symptoms.
Common food sources of FODMAPs are grains and
cereals (wheat, rye, barley), milk, legumes, honey,
fruits (watermelon, cherry, mango, pear) and vegeta-
bles (chicory, fennel, beetroot, leek). A low
FODMAPs diet significantly improves the functional
gastrointestinal symptoms in NCGS patients.22 Func-
tional gastrointestinal symptoms observed in patients
with NCGS as well as with other disorders including
irritable bowel syndrome (IBS) could be also partly
related to food additives such as glutamates, ben-
zoates, sulphites and nitrates which are added to many
commercial products for different reasons (in order to
improve flavor, color and preservative function).

Epidemiology and clinical picture

The prevalence of NCGS is still undefined and the
few data available are largely variable according to
primary care or tertiary referral centres in the United
States. Data from the National Health and Nutrition
Examination Survey (NHANES), a primary care pro-
gram based on interviews, physical examination and
blood samples, showed 49 cases of suspected NCGS
over 7762 patients (0.6%) (age range 6-80 years) in
the 2009-2010 period.23 On the other hand, in the ter-
tiary care Center for Celiac Research, University of
Maryland, NCGS was recognized in 347 over 5896
patients in the 2004-2009 period with a prevalence of
6%.2 Although it is expected that the majority of
NCGS patients are seen at specialist centers, this can-
not explain the huge difference found in these two

studies. A recent paper has underlined the close link-
age between NCGS and IBS, showing that 30% of 920
patients with IBS had NCGS associated with multiple
food hypersensitivity in the majority of cases.24 Since
it is well established that IBS is a very common con-
dition found in 16%-25% of the general popula-
tion,25,26 it is very much likely that also NCGS is
characterized by a high prevalence in the general pop-
ulation. Over the last 12 months (from November 1,
2012 to October 31, 2013), 2340 subjects were seen
at the outpatient clinics of the Department of Medical
and Surgical Sciences of the University of Bologna.
The criteria for NCGS were fulfilled by 84 (1:28;
3.5%) patients (Table 1). Of these, 66 were females
and 18 males (F/M: 3.7:1), with a mean age of 38
years (range 16-65). In the same period the diagnosis
of CD was performed in 48 (mean age 36 years, range
17-64) out of the 2340 patients seen (1:49; 2.1%). The
ratio between NCGS/CD was 1.75:1. Based on our 1-
year experience, the expected prevalence of NCGS in
the general population might be slightly higher than
that of CD which is 1% worldwide.

Because of its clinical picture NCGS can be re-
garded as a syndrome rather than a unique disorder,
being characterized by a variety of gluten-related gas-
trointestinal and extra-intestinal symptoms occurring
in patients in whom the diagnosis of CD and WA had
been previously excluded.

The interval time between gluten ingestion and the
appearance of symptoms in NCGS varies from some
hours and a few days and it is intermediate between
that of wheat allergy and CD. Indeed, in wheat allergy
symptoms usually appear in a few minutes after gluten
exposure, whereas in celiac disease the interval time
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Table 1. Symptoms prevalence of patients with non-celiac gluten sensitivity observed at the Department of Medical and
Surgical Sciences of the University of Bologna over the last 12 months.

NCGS patients 84/2340 (3.5%); mean age 38 years (range 16-65 years); F/M: 3.7:1*

Gastrointestinal symptoms % Extra-intestinal symptoms %

Abdominal pain 84 Tiredness 78

Bloating 84 Headache 55

Diarrhea 55 Foggy mind 40

Nausea or vomiting 50 Anxiety 38

Gastric pain 48 Joint/muscle pain fibromyalgia-like 30

Heartburn 45 Numbness (arms, legs, fingers) 30

Aerophagia 35 Skin rash/dermatitis 27

Aphthous stomatitis 30 Anemia 22

Gastro-esophageal reflux disease 30 Weight loss 10

Altered bowel habits 27 Rhinitis 9

Constipation 24 Asthma 5

NCGS, non-celiac gluten sensitivity. *The majority of patients displayed more than 2 gastrointestinal and extra-intestinal symptoms.
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between gluten ingestion and the clinical manifesta-
tion can be very long (up to weeks or years).1,17,27 In a
previous work from our group the clinical and sero-
logical features of NCGS were investigated in sev-
enty-eight non-consecutive patients (56 females e 22
males, median age 38 years, range 17-63), diagnosed
in our center between January 2009 and June 2011.28

In all of them NCGS was suspected on the basis of
symptoms elicited by gluten ingestion after the exclu-
sion of CD by both serology [negativity for anti en-
domysial (EmA) and tissue transglutaminase
antibodies (tTGA)] and duodenal biopsy (absence of
villous atrophy) and WA by specific immunoglobulin
(Ig)E/prick tests to wheat. NCGS diagnosis was con-
firmed by a trial of gluten free diet (GFD) for 6
months with a quick disappearance of symptoms, fol-
lowed by an open gluten challenge of 1 month with
an immediate relapse of the clinical picture. All NCGS
patients showed both gastrointestinal and extra-intesti-
nal symptoms occurring in a few hours or days after
gluten ingestion. Among gastrointestinal symptoms
the most frequent manifestations were abdominal pain
and bloating, followed by diarrhea and, less fre-
quently, constipation. Among extra-intestinal signs the
most frequent symptom was mental confusion or
foggy mind, defined as sensation of lethargy elicited
by gluten, followed by fatigue, skin rash, headache,
joint and muscle pain (fibromyalgia-like syndrome),
leg or arm numbness, depression and anxiety and ane-
mia. Clinical features of NCGS emerged from this
study showed that this syndrome is more frequent in
middle-aged adults, being found also in adolescents
and in old people. Moreover, similarly to celiac dis-
ease NCGS resulted to be much more frequent in fe-
males than in males. NCGS has been rarely found in
children. In a recent paper it has been reported the first
series of 15 children with NCGS.29 In these young pa-
tients (10 males and 5 females, mean age 9 years) gas-
trointestinal symptoms (abdominal pain 80%, diarrhea
73%, bloating 26%) were more frequent than extra-
intestinal signs (mainly tiredness and headache, found
in 33% and 20% of cases, respectively).

Among the several unsettled issues of NCGS it re-
mains still unclear whether NCGS patients are more
prone to autoimmune disorders and complications like
to CD patients. A few published studies suggest that
the finding of autoimmune disorders in NCGS would
be a rare event.2,28 Indeed, in one of our previous stud-
ies none of the 78 NCGS patients displayed type 1 di-
abetes mellitus and only one (1.3%) had autoimmune
thyroiditis, compared with 5% and 19%, respectively,
of 80 patients with CD.28 Another relevant point that
needs to be explored is whether patients with NCGS
can develop well-known CD-associated complica-
tions, such as ulcerative jejuno-ileitis, collagenous
sprue, small intestinal lymphoma and other gastroin-

testinal neoplasms.2,17 Since NCGS has been only re-
cently identified, its follow-up is still too short to have
solid information on the outcome of this condition.

Diagnostic criteria

So far the diagnosis of NCGS relies on the accu-
rate assessment of the clinical features along with the
exclusion of WA and CD, according to the diagnostic
criteria suggested by the Consensus Conference on
NCGS published by Sapone et al.2 These criteria es-
tablish that the exclusion of gluten from the diet is fol-
lowed by a significant improvement up to the
disappearance of intestinal and extra-intestinal symp-
toms, while gluten reintroduction evokes symptoms.
Since it is impossible to exclude that the improvement
of the clinical picture after GFD can be induced by a
placebo effect, a double-blind, placebo-controlled
challenge (DBPC) is strongly recommended to vali-
date the diagnosis of NCGS. From a practical point of
view this procedure is complex and not easy to per-
form for diagnostic purpose. Up-to-now these trials
have been performed only in patients with IBS, with
NCGS manifesting discordant results.24,30,31 Two of
these studies, performed by the same group, firstly
confirmed the existence of NCGS showing the signif-
icant recurrence of the clinical manifestations in pa-
tients ingesting gluten compared to the placebo
group.30 In a second DBPC the same group concluded
that gluten elicited neurological, but not intestinal
symptoms in a few patients with IBS, whereas in the
majority of them, symptoms were attributable to
FODMAPs.31 In support of this latter possibility, a low
FODMAPs diet determined a significant improvement
of symptoms in the same patients. Similar results to
the first study of Biesiekierski et al. were obtained by
Carroccio et al. whose DBPC confirmed a significant
worsening of intestinal and extra-intestinal symptoms
in the gluten vs the placebo group.24

Before suspecting NCGS both WA and CD must
be excluded by appropriate tests performed on a gluten
containing diet. WA should be ruled out by testing for
serum IgE antibodies to gluten proteins and wheat
fractions as well as skin Prick tests, whereas CD must
be excluded by the negativity of specific serological
tests, such as IgA tTGA, IgA EmA and IgG deami-
dated gliadin antibodies and by the absence of villous
atrophy in the small intestinal biopsy.1

The lack of a specific biomarker hampers the reli-
ability of NCGS diagnosis. The only serological
marker found in a proportion of patients with NCGS
is the first generation antibody to gliadin (AGA).2,24,28

AGA positivity has been found in the sera of about the
half of NCGS patients and it is almost always confined
to IgG class (only occasionally belonging to the IgA
class).28 AGA is not a specific test for NCGS being

[page 228]                                                 [Italian Journal of Medicine 2014; 8:461]

Review

Non
-co

mmerc
ial

 us
e o

nly



positive in many other conditions such as autoimmune
liver diseases, irritable bowel syndrome, connective
tissue disorders and even blood donors, but, for the
time being, its positivity (especially at a high titer) in
patients with suspected NCGS can contribute to this
diagnosis. In contrast to CD, AGA disappear in almost
all patients with NCGS within 6 months of GFD
(Volta et al., 2013, unpublished data). It is reasonable
to hypothesize that an immunological memory might
be active in CD but not in NCGS.32

According to the Consensus Conference criteria,2,7

a duodenal biopsy is highly recommended in patients
with suspected NCGS when they are on a gluten con-
taining diet in order to rule out CD diagnosis even if the
celiac serology is negative (possibility of seronegative
CD which occurs in 1-2% of total CD cases).17 The ma-
jority of NCGS patients display a normal histology of
duodenal mucosa with a number of intraepithelial lym-
phocytes (IELs) within 25 per 100 epithelial cells
(grade 0 according to Marsh-Oberhüber modified clas-
sification),33 whereas a lower number of cases show a
slight increase of IEL ranging from 25 to 40 per 100 ep-
ithelial cells consistent with a low grade of inflamma-
tion.28 At variance with CD, in NCGS there is no
increase of T-cell receptor g/d IELs.15

NCGS does not show any correlation with the
HLA. Positivity for HLA-DQ2 and/or –DQ8 in NCGS
patients is very close to that detected in the general
population and far lower than that found in CD pa-
tients.2,28 Serological, genetic and histopathological
features of NCGS cases diagnosed in our center over
the last 12 months are reported in Table 2.

A prospective survey on NCGS showed that in a
not negligible number of cases (up to 20%) laboratory

tests can disclose signs of malabsorption very similar
to those observed in CD, such as low levels of ferritin,
folic acid and vitamin D and B12.34 Bone densitome-
try can show evidence of osteopenia, particularly in
patients with low levels of vitamin D and calcium as-
sociated with increased parathormone levels. In some
cases NCGS patients showing absorption abnormali-
ties have significant improvement of biochemical pa-
rameters after GFD.

Treatment

There are no established guidelines regarding treat-
ment of patients with NCGS. First of all, it is highly rec-
ommendable that people should not eliminate gluten
from diet without a specific indication given by their
physicians; also, auto-diagnosis of a presumed sensitiv-
ity to dietary gluten should be avoided. Moreover, gluten
removal is absolutely useless in cases lacking a substan-
tiated diagnosis of NCGS. On the other hand, a diagno-
sis of NCGS should be established in a referral center
following the previously mentioned work-up. In case of
gluten sensitivity, patients will be advised to change their
dietary habits and start to consume gluten-free foods.
Cereals such as rice, corn, buckwheat, millet and legu-
minosae, e.g. quinoa, amaranth and soybean, are recom-
mended as substitutes of gluten-containing products.35

Commercially available gluten-free products are useful
for patients with NCGS to achieve a thoroughly gluten-
free regimen, but, as also recommended for CD patients,
their consumption should be integrated with the inges-
tion of meat, fish, eggs, fruit and vegetables which are
naturally gluten-free foods. In thorough GFD regimen,
the consumption of commercially available gluten-free
products should be not so high in order to limit the in-
troduction of chemical additives and preservatives
highly represented in these products and potential causes
of functional gastrointestinal symptoms.6,22 Currently, it
is unknown whether NCGS patients should care about
gluten contamination inadvertently introduced by foods
as for CD patients. Moreover, it should be underlined
that the level of tolerance varies in the single individual
and there are also subjects with NCGS who do not tol-
erate even small amounts of gluten. GFD leads to the
complete disappearance of symptoms in a proportion of
patients with NCGS, whereas in other cases the im-
provement after GFD is only partial. In these cases a low
FODMAPs diet in addition to gluten withdrawal can sig-
nificantly improve the clinical picture. It is still unclear
whether NCGS is a permanent or transient condition.1,2,7

A few patients with NCGS reintroduce gluten in their
diet after the significant improvement achieved by
means of GFD because they fear to experience again the
wide array of gluten-induced symptoms. Theoretically,
the reintroduction of gluten after 1-2 years of GFD
might be advised. A correct approach might be a desen-
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Table 2. Serology, genetics and duodenal histology in
non-celiac gluten sensitivity cases observed at the
Department of Medical and Surgical Sciences of the
University of Bologna over the last 12 months.

NCGS patients 84/2340 (3.5%);
mean age 38 years (range 16-65 years); F/M: 3.7:1*

Analyses %

Serology
AGA IgG 48
AGA IgA 7
DGP-AGA IgG 2

Genetics*
HLA-DQ2 35
HLA-DQ8 5

Duodenal biopsy°
Marsh-Oberhüber 0 65
Marsh-Oberhüber 1 35

NCGS, non-celiac gluten sensitivity; AGA, anti-gliadin antibodies; IgG, IgA, im-
munoglobulins G and A; DGP, deamidated gliadin antibodies; HLA, human leukocyte
antigen. *Performed only in 20 cases; °duodenal biopsy performed in 64 cases.
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sitization trial by introducing progressively small
amounts of gluten.

Conclusions

Although NCGS has been recognized as a new
gluten related syndrome from the scientific commu-
nity, our knowledge on this condition is still in
progress and there are many unsettled issues that need
clarification.36 Innate immunity seems to be the main
trigger of NCGS, but further studies are awaited to ex-
plore the possible role of adaptive immunity.37,38 A low
grade of inflammation in intestinal mucosa with intes-
tinal permeability changes and alterations of intestinal
microbiota are likely relevant in the development of
this syndrome, but their role is far to be estab-
lished.1,2,6,7 A close link between gluten and symptom
generation has been clearly demonstrated in NCGS
patients, but other proteins contained in wheat have
the potential to cause symptoms experienced by
NCGS patients. In this context, wheat ATIs, which are
proteins highly resistant to intestinal proteases and
elicit innate immunity, could trigger NCGS.21 It has
been demonstrated that a subgroup of patients with
NCGS recognizes gluten as the only cause of symp-
toms, but in other NCGS patients a multiple food hy-
persensitivity underlies the clinical picture.39 In this
context, it has been shown that a diet rich in
FODMAPs, present not only in gluten-containing ce-

reals, but also in milk, honey and legumes might trig-
ger NCGS.31 Overall, gluten sensitivity can be viewed
as a mixed bag with many triggers (gluten, ATIs,
FODMAPs) evoking the clinical picture (Figure 1).
Furthermore, chemical additives, such as glutamates,
benzoates, sulphites and nitrates, which are added to
many commercial products might have a role in evok-
ing functional gastrointestinal symptoms of NCGS
and other disorders characterized by a mild intestinal
inflammation such as IBS.6,22 In this respect, a sub-
group of NCGS patients are not expected to improve
by eating commercially available gluten-free products
(as they are usually rich of additives and preserva-
tives), rather they improve with a diet based on natural
gluten-free foods.6

The different combination of genetic, histological
and serological features observed in NCGS patients
confirms the heterogeneity of this syndrome. Some
patients with NCGS display positivity for HLA-DQ2
and/or –DQ8 and/or positivity for AGA and/or mild
intestinal damage (Marsh 1 lesion), which are non-di-
agnostic for CD, but might eventually progress to-
wards a florid CD. Although it seems likely that
NCGS and CD are two separate entities the possibility
that NCGS may evolve to CD cannot be disregarded.
The detection of IgA deposits in duodenal biopsies
might help to identify among NCGS those who are at
risk of developing CD.40

The natural history of NCGS is still too short to
establish whether this syndrome can be associated
with development of autoimmune disorders and can
display complications (ulcerative jejunoileitis intes-
tinal lymphoma and small bowel carcinoma) in a sim-
ilar fashion to CD. It is still unclear whether NCGS is
a transient or a permanent condition, but it is tempting
to speculate a sort of desensitization by reintroducing
small amounts of gluten in these patients after some
years of GFD.

In conclusion, further studies are eagerly awaited
to shed light on the sill many unsettled aspects inher-
ent to NCGS, a new complex clinical challenge
amongst gluten-related disorders.
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