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Non-celiac gluten sensitivity: questions still to be answered
despite increasing awareness

Umberto Volta, Giacomo Caio, Francesco Tovoli and Roberto De Giorgio

Recently, the increasing number of patients worldwide who are sensitive to dietary gluten without evidence of celiac

disease or wheat allergy has contributed to the identification of a new gluten-related syndrome defined as non-celiac

gluten sensitivity. Our knowledge regarding this syndrome is still lacking, and many aspects of this syndrome remain

unknown. Its pathogenesis is heterogeneous, with a recognized pivotal role for innate immunity; many other factors also

contribute, including low-grade intestinal inflammation, increased intestinal barrier function and changes in the

intestinal microbiota. Gluten and other wheat proteins, such as amylase trypsin inhibitors, are the primary triggers of this

syndrome, but it has also been hypothesized that a diet rich in fermentable monosaccharides and polyols may elicit its

functional gastrointestinal symptoms. The epidemiology of this condition is far from established; its prevalence in the

general population is highly variable, ranging from 0.63% to 6%. From a clinical point of view, non-celiac gluten

sensitivity is characterized by a wide array of gastrointestinal and extraintestinal symptoms that occur shortly after the

ingestion of gluten and improve or disappear when gluten is withdrawn from the diet. These symptoms recur when gluten

is reintroduced. Because diagnostic biomarkers have not yet been identified, a double-blind placebo-controlled gluten

challenge is currently the diagnostic method with the highest accuracy. Future research is needed to generate more

knowledge regarding non-celiac gluten sensitivity, a condition that has global acceptance but has only a few certainties

and many unresolved issues.
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INTRODUCTION

Growing evidence indicates that a marked increase in gluten-

related disorders has been observed in recent years.1,2 Many

factors have contributed to the development of gluten-related

pathology, starting with the worldwide spread of the

Mediterranean diet, which is based on a high intake of glu-

ten-containing foods. In the Mediterranean area, the mean

daily gluten consumption is particularly high (approximately

20 g and even higher in some countries).3 Moreover, the mech-

anization of farming and the growing industrial use of pesti-

cides have favored the development of new types of wheat with

a higher amount of toxic gluten peptides that cause the

development of gluten-related disorders.4 In addition, bread

and bakery products currently contain a higher quantity of

gluten than in the past due to the reduced time of dough fer-

mentation.5 It must also be noted that diagnostic tools for

gluten-induced disorders, such as celiac disease and wheat

allergy, have progressively improved.6,7

Gluten is the main protein complex of wheat and other

cereals, including barley, rye and spelt. When gluten-contain-

ing flours are kneaded with water, gliadins and glutenins, the

major components of gluten, provide viscosity and elasticity to

the dough.8 These proteins are resistant to gastric digestion and

increase the permeability within the small intestine through

cytoskeletal rearrangement, overexpression of zonulin and

tight junction dysfunction.9,10 Small-intestine homeostasis is

altered by gluten proteins through the inhibition of epithelial

cell growth and the induction of apoptosis.11

Gluten initiates a wide array of disorders, such as celiac

disease, wheat allergy and gluten-related ataxia and peripheral

neuropathy.2 Celiac disease is an autoimmune disorder with a

well-characterized autoantigen (tissue transglutaminase). The

current model of celiac disease is the result of significant

advances in our understanding of its pathogenic mechanisms.

Moreover, the availability of highly sensitive diagnostic tests

and more detailed histopathological criteria has completely
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changed the clinical ‘scenario’ of celiac disease, allowing for the

identification of groups that are at risk for celiac disease.6

Wheat allergy is defined as an adverse immunological reac-

tion (IgE- and non-IgE-mediated) to gluten and other proteins

contained in wheat.7 Depending on the route of allergen expo-

sure and the underlying immunological mechanisms, wheat

allergy is classified as a classic food allergy (affecting the skin,

gastrointestinal and respiratory tract), wheat-dependent exer-

cise-induced anaphylaxis, occupational asthma (so-called

baker’s asthma) and rhinitis, and contact urticaria.

The spectrum of gluten-related disorders has recently

acquired a new member, represented by non-celiac gluten sen-

sitivity (NCGS).1,2 Patients with NCGS test negative for celiac

disease and wheat allergy, but after eating foods containing

gluten, they experience symptoms that remit after gluten exclu-

sion from the diet and recur following gluten reintroduction.

In recent years, NCGS has been regarded as an intriguing topic

by researchers. Its existence was hypothesized more than 30

years ago by a double-blind crossover trial showing that six

of eight women complaining of abdominal pain, bloating

and diarrhea were gluten sensitive in the absence of celiac dis-

ease.12 After 20 years with no mention of NCGS, in 2000,

Kaukinen et al.13 reported that 63% of 94 adults complaining

of abdominal symptoms after gluten ingestion did not satisfy

the diagnostic criteria for celiac disease and wheat allergy, and

because they benefited from a gluten-free diet (GFD), they were

regarded as affected by NCGS. These two papers remained the

only reports of the possible existence of NCGS for many years,

and patients with symptoms after gluten ingestion but without

evidence of antitissue tranglutaminase antibodies (tTGA),

small-intestine damage and IgE to wheat were advised to con-

tinue integrating gluten into their diet because gluten was not

thought to be the cause of their condition. For this reason, both

gastroenterologists and allergists did not treat these patients,

who remained in a diagnostic no-man’s land.14 In most cases,

these patients were regarded as suffering frommental disorders

and were frequently referred to psychiatrists.

Over the past 5 years, there has been a resurgence in research

interest regarding NCGS, as demonstrated by the two

Consensus Conferences on NCGS held in London (2011) and

Munich (2012) and by several scientific contributions on this

topic.15–18 Nevertheless, NCGS is still a controversial issue. On

the one hand, there is the possibility that many patients display

an imaginary syndromewith a subjective sensation of improve-

ment due to the placebo effect of gluten withdrawal.19 Many

patients are deeply influenced by the fact that GFD is the latest

diet craze embraced by many celebrities. On the other hand,

there is a general agreement that NCGS does exist with an

effective improvement of symptoms evoked by GFD.20

However, the detection of NCGS in these cases remains highly

presumptive due to the difficulty of objectively demonstrating

this diagnosis in the absence of specific markers. Recently, the

American press (USA Today and the Washington Post) has

reported that, according to a market survey, 15%–25% of the

US population (i.e., 40–70 million people) regarded a GFD as a

healthy food regimen and that approximately 17 million US

citizens (i.e., 6% of the US population) were suffering from

NCGS, although evidence-based data on NCGS prevalence in

the general population are not yet available.16 Global sales of

gluten-free foods are expected to reach US$4.3 billion by

2015.18 Currently, the ratio of Google to PubMed citations

for NCGS is higher than 5000 : 1, thus raising the suspicion

that NCGS is a problem created by the media more than an

emerging clinical entity.16

This review discusses the current knowledge regarding

NCGS, defining its basic immunological mechanisms, patho-

genesis, clinical aspects and diagnostic criteria. Our aim is to

provide a practical appraisal of NCGS that is useful for general

practitioners and internists in the management of this emerg-

ing gluten-related condition.

BASIC IMMUNOLOGICAL MECHANISMS AND

PATHOGENESIS

Abnormalities of the immune system are responsible for the

development of both NCGS and celiac disease.1,21 In healthy

individuals, the immune system, through innate and adaptive

immunity, plays a central role in the maintenance of tolerance

to dietary antigens and other potential harmful pathogens, thus

protecting the organism from the development of diseases.22

The innate immune response is immediate and fast, including

both cellular and humoral components.23 Several cells are

involved, including macrophages, neutrophils, dendritic cells,

monocytes, mast cells and natural killer T cells, expressing both

natural killer receptors and CD1d-restricted ab-T-cell recep-
tors.24 Another feature of innate immunity is the humoral

secretion of complement proteins, C-reactive protein and lipo-

polysaccharide-binding protein. The adaptive immune res-

ponse is characterized by a delayed onset and by memory

capacity, involving both T and B cells.25 T cells are activated

after the interaction between major histocompatibility com-

plex-bound peptides and T-cell receptors. CD81 T cells are

stimulated by intracellular antigens presented by major histo-

compatibility complex class Imolecules, which are expressed in

all nucleated cells. The activation of CD81 cells induces apop-

tosis, which plays an essential role in defending the organism

against viral infections. CD41 T helper cells are activated by

interactions with major histocompatibility complex class II

molecules on antigen-presenting cells and secrete cytokines

that significantly influence the immune response. Based on

the type of cytokine secreted, the Th cells are classified as

Th1, Th2, Th17, regulatory T (Treg) and T follicular helper

cells.26,27 Th1 cells secrete interferon-c and interleukin (IL)-

2, enhancing cell-mediated responses. Moreover, Th1 cells

stimulate macrophages and CD81 T cells. Th2 cells regulate

humoral immunity and antibody production through the

secretion of IL-4, IL-5, IL-10 and IL-13 and tumor-necrosis

factor-a. Moreover, Th2 cells are involved in IgE-mediated

allergy and in protecting against helminth infections. Th17 cells

have a role both in host defense against pathogens and in auto-

immune diseases.28 Treg cells express the transcription factor

FoxP3, limit the immune response and are important in the
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regulation of immunological tolerance.29 Moreover, Tregs

secrete the cytokines TGF-b and IL-10. Follicular helper T-cells
express IL-21 and differentiate B cells into memory B cells and

plasma cells.27

The loss of immune homeostasis accompanied by the activa-

tion of innate/adaptive immunity is the first step for the

appearance of immune disorders. Both celiac disease and

non-celiac gluten sensitivity share an enhanced innate immune

response. Gluten and its related peptides are the triggers, break-

ing immunological tolerance by inducing the innate immune

response and stimulating dendritic cells, which results in leu-

kocyte infiltration and inflammation of gut mucosa. The

immune mechanisms underlying celiac disease also include

the activation of adaptive immunity by tissue transglutaminase

TG2, the celiac autoantigen, and through the deamidation of

gluten peptides. Gluten-reactive T cells are present in the lam-

ina propria of patients with celiac disease and preferentially

recognize deamidated gluten peptides in the context of dis-

ease-associated histocompatibility leukocyte antigen (HLA)

molecules.21 Several studies have confirmed the central role

of adaptive immunity in the development of celiac disease by

showing systemic and mucosal expression of cytokines asso-

ciated with Th1 and Th17 responses.30–33 In contrast to celiac

disease, an overexpression of adaptive immunity markers has

not been found in NCGS. In particular, IL17A, IL-6, inter-

feron-c, IL-17 and IL-21 were not increased in intestinal biop-

sies of NCGS patients.34,35

These findings are in line with the hypothesis that NCGS is

mostly supported by innate immune mechanisms. The beha-

vior of Toll-like receptors (TLRs), a class of proteins that play a

key role in the innate immune system as well as the digestive

system, supports this view. TLRs are single, membrane-span-

ning, non-catalytic receptors usually expressed in sentinel cells,

such as macrophages and dendritic cells, which recognize

structurally conserved molecules derived from microbes.

Once these microbes have breached physical barriers, such as

the skin or intestinal mucosa, they are recognized by TLRs,

which activate immune cell responses. Small-intestine expres-

sion of TLR2 and, to a lesser extent, of TLR1 and TLR4 is greater

in patients with NCGS than in celiac patients.34 NCGS also

differs from celiac disease in the small-intestine expression of

the TREG marker, FOXP3, which is markedly weaker in gluten-

sensitive patients than in celiac patients.34 Although the reduc-

tion of mucosal FOXP3 expression has been regarded as a sign of

the loss of immune homeostasis, which favors the development

of autoimmune conditions, in other studies this immune mar-

ker was found to be markedly up-regulated in the blood and

intestinal mucosa of celiac patients.36,37 Therefore, the reduced

expression of this Treg marker in NCGS could be interpreted in

the context of a reduced activation of adaptive immunity relative

to celiac disease.

In contrast to celiac disease, for which the main pathogenic

mechanisms have been extensively elucidated over the years,

the pathogenesis of NCGS is still poorly defined (Figure 1). A

Celiac Disease

Autoimmunity
(tTGA)
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Epithelial barrier
Function

(increased
permeability)

Non Celiac 
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Epithelial barrier
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Figure 1 Pathogenic mechanisms of NCGS. Enhanced neutrophil recruitment, gut inflammation, changes in intestinal microbiota and immune
response to gliadin are features (orange field) common to NCGS and celiac disease. Decreased intestinal barrier function (increased permeability),
intestinal mucosa damage and autoimmunity expressed by immune reaction to tissue transglutaminase are typical of celiac disease (red field),
whereas enhanced intestinal barrier function (reduced permeability) has been demonstrated in NCGS. AGA, anti-gliadin antibodies; NCGS, non-
celiac gluten sensitivity; tTGA, tissue transglutaminase antibodies.
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pathophysiological aspect that has been investigated by

researchers is the epithelial barrier function of the intestinal

mucosa.1 It has been hypothesized that changes in the intestinal

barrier function might help to differentiate NCGS from celiac

disease. The loss of the intestinal barrier function with a

marked increase in permeability has been clearly demonstrated

in celiac disease.38 Different form celiac patients, NCGS sub-

jects display a reduced intestinal permeability, as measured by

the lactulose/mannitol absorption test, suggesting an increased

barrier function in these patients.34 Moreover, expression of

claudin-4 mRNA is significantly greater in duodenal biopsies

from NCGS patients than in those from celiac patients.34

Because increased claudin-4 levels are an indicator of reduced

intestinal permeability, this observation is in line with the

hypothetical reduced permeability of the intestinal barrier in

NCGS. This hypothesis has been questioned by Biesekierski

et al.,39 who did not find any significant difference in the intes-

tinal barrier function of two randomly treated groups of NCGS

patients (one challenged by gluten, the other by placebo) using

the dual sugar absorption test. Different results from those

reported by Sapone et al. have also been obtained by

Vazquez-Roque et al.,40 who have documented increased

intestinal permeability in a subgroup of HLA-DQ2/DQ81

NCGS patients with irritable bowel syndrome, diarrhea and

gluten sensitivity. Further studies are needed to establish

whether the epithelial barrier function in NCGS patients is

different from that of celiac disease patients.

New insights to explain the pathogenic mechanisms of

NCGS have been provided by HLA-DQ8 transgenic mice sen-

sitized to gliadin. Using this experimental model, an increased

secretion of acetylcholine from the myenteric plexus resulting

in enhanced muscle contractility and epithelial hypersecretion

has been demonstrated. Gluten withdrawal reverted both

abnormalities.41 Moreover, differences in luminal antigens

caused by an increased amount of Gram-negative bacteria

and a decreased number of Gram-positive Lactobacilli in the

intestinal microbiota triggered the inflammatory response to

dietary antigens, such as gluten.42 Based on these findings, it is

plausible to hypothesize that neuromuscular dysfunction and

gut microbiota could have a role in gluten-induced symptoms.

Recent studies have shown that gluten and its related pro-

teins are not the only triggers of NCGS and that other wheat

proteins likely play a relevant role in causing this syndrome

(Figure 2). In particular, the attention of researchers has been

focused on amylase–trypsin inhibitors, which are strong acti-

vators of the innate immune responses of monocytes, macro-

phages and dendritic cells.43 Amylase–trypsin inhibitors could

fuel inflammation and immune reactions in several intestinal

and non-intestinal immune disorders, including NCGS, celiac

disease and Baker’s asthma.

Many patients with NCGS display multiple food hypersen-

sitivities, which could in part be related to a diet rich in fer-

mentable oligo-, di- and mono-saccharides and polyols

(FODMAPs).44 FODMAPs are poorly absorbed short-chain

carbohydrates that cause distension of the intestinal lumen

with liquid and gas due to their small molecular size and rapid

fermentability and lead to functional gastrointestinal symp-

toms. Common food sources of FODMAPs are grains and

cereals (wheat, rye and barley), milk, legumes, honey, fruits

(watermelon, cherry,mango and pear) and vegetables (chicory,

fennel, beetroot and leek). A low FODMAP diet significantly

improves the functional gastrointestinal symptoms in NCGS

patients. Functional gastrointestinal symptoms observed in

patients with NCGS as well as other disorders, including irri-

table bowel syndrome (IBS), could also be partly related to food

additives, such as glutamates, benzoates, sulfites and nitrates,

which are added to many commercial products for different

reasons (to improve flavor and color and to preservative func-

tion). In general, the stronger the flavor of the food, the higher

the chemical content will be. Food chemicals add strong affer-

ent stimuli to the enteric nervous system. When patients dis-

play visceral hypersensitivity, normal physiological stimulation

by such chemicals may result in exaggerated effector responses

leading to luminal distension. Therefore, a low-FODMAP diet

with a low content of additives and preservatives is a realistic

and efficacious attempt for improving gastrointestinal symp-

toms in NCGS patients.

Another factor that could play a role in NCGS development

could be the opioid-like activity of gluten. Indeed, gluten pro-

teins can mimic some of the effects of opiates by altering the

intestinal transit time in healthy volunteers in a naloxone-

reversible manner.45 Finally, it must be emphasized that in

many circumstances NCGS is an imaginary ailment that is

caused by the nocebo effect of gluten ingestion. This possibility

in patients with a self-diagnosis of food hypersensitivity has

clearly been established by double-blind trials.46 The placebo

effect of the elimination diet is generally regarded as superior to

that of drug treatment.

GLUTEN

WHEAT
ATIs FODMAPs

Food
Additives &

Preservatives

Figure 2 Known triggers of NCGS. Gluten is the primary trigger but not
the only trigger of this syndrome because other wheat proteins, such as
the wheat ATIs, have been demonstrated to elicit the innate immune
response leading to NCGS. Moreover, many NCGS pts display a food
hypersensitivity elicited by FODMAPs. Functional gastrointestinal
symptoms observed in patients with NCGS as well as with other disor-
ders, including IBS, could also be partly related to food additives, such
as glutamates, benzoates, sulfites and nitrates, which are added to
many commercial products for a variety of reasons (e.g., to enahnce
flavor, color and preservative function). FODMAP, fermen-
table oligo-, di- and mono-saccharide and polyol; IBS, irritable bowel
syndrome; NCGS, non-celiac gluten sensitivity; ATIs, amylase trypsin
inhibitors.
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THE EPIDEMIOLOGICAL AND CLINICAL PICTURE

The prevalence of NCGS has yet to be defined because no

reliable epidemiological study has been published to date.

Significantly different prevalences have been reported in

primary and tertiary care. The National Health and

Nutrition Examination Survey, a program involving primary

care surveillance that was designed to assess the health and

nutritional status of adults and children in the United States

and was performed by means of interviews and physical

examinations, has identified 49 cases of suspected NCGS

over 7762 patients that were examined (age range: 6–80

years) over the period of 2009–2010, with a prevalence of

0.63%. In tertiary care at the Center for Celiac Research,

University of Maryland, the criteria for NCGS were recog-

nized in 347 of 5896 patients observed between 2004 and

2010, with a prevalence of 6%.2 Therefore, by the extrapola-

tion of these results, a highly variable proportion of the US

population ranging from 0.63% (approximately 2 million) to

6% (approximately 16 million) should be affected by NCGS.

Although it is expected that the majority of patients with

gluten-related symptoms are referred to specialist centers,

this referral bias alone cannot explain the broad difference

reported in the two above-mentioned studies. In a recent

survey performed in the general population of the United

Kingdom by means of a medical questionnaire, 139 of 1002

people (13%) complained of gluten-related symptoms.

Approximately 80% of people reporting gluten-induced

symptoms were female. Patients with irritable bowel syn-

drome, a common intestinal disorder with a prevalence of

15%–20% in the general population, more frequently

reported being gluten sensitive than those without IBS

(35% versus 11%, P,0.0001). The close linkage between

NCGS and IBS has been underlined by Carroccio et al.,47

who found that 30% of 920 patients with IBS had NCGS

associated with multiple food hypersensitivity in the major-

ity of cases. Our personal experience with NCGS prevalence

based on the ratio of the new cases of suspected NCGS to the

new cases of celiac disease observed over a period of 12

months suggests that NCGS is slightly more frequent than

celiac disease (ratio: 1.6 : 1) (unpublished data).

From a clinical point of view, NCGS is regarded as a syn-

drome that is characterized by a wide array of gastrointestinal

and extra-intestinal symptoms that occur shortly after the

ingestion of gluten, improve or disappear when gluten is with-

drawn from the diet and recur when gluten is reintroduced.

Ruling out celiac disease by means of negative serology and the

absence of celiac histological findings as well as ruling out

wheat allergy by means of negative testing for specific IgE

and/or prick tests to wheat are prerequisites for the diagnosis

of NCGS.1,2

The time interval between gluten ingestion and the appea-

rance of symptoms in NCGS varies from a few hours to a few

days, which is quite different from that observed with both

wheat allergy and celiac disease. Indeed, in wheat allergy, symp-

toms usually appear in a few minutes after gluten exposure,

whereas in celiac disease, the time interval between gluten

ingestion and the clinical manifestation can be long (up to

weeks or years).1,2

One of the few clinical studies on NCGS published to date

comes from our group.48 We studied 78 patients (56 females

and 22 males; median age: 38 years, range: 17–63 years) with

NCGS diagnosed in the Celiac Disease Unit of Bologna

University between January 2009 and June 2011. In all 78

patients, NCGS was suspected on the basis of symptoms with

an early onset after gluten ingestion. Celiac disease and

wheat allergy were excluded by means of serology (anti-

endomysial–EmA- and tissue transglutaminase antibodies–

tTGA-), duodenal biopsy and specific IgE/Prick tests to

wheat in all patients. NCGS diagnosis was confirmed by a

trial of GFD for 6 months with a quick disappearance of

symptoms, followed by an open gluten challenge of 1 month

with an immediate relapse of the clinical picture. All NCGS

patients showed both gastrointestinal and extra-intestinal

symptoms occurring within a few hours or days of gluten

ingestion. The most frequent gastrointestinal symptoms were

abdominal pain and bloating, often associated and present in

77% and 72% of cases, respectively, followed by diarrhea

(40%) and constipation (18%). Approximately 20% of our

patients complained of gastroesophageal reflux disease and

10% of our patients complained of aphthous stomatitis.

Among extra-intestinal signs, the most frequent symptom

was mental confusion or a ‘foggy mind’, defined as a sen-

sation of lethargy elicited by gluten, observed in 42% of

cases, followed by fatigue (36%), skin rash (33%), headache

(32%), joint and muscle pain (fibromyalgia-like syndrome)

(28%), leg or arm numbness (17%), depression and anxiety

(15%) and anemia (15%). The same symptoms with similar

frequencies have been reported in NCGS patients diagnosed

in the Maryland Center2 (Table 1). The clinical features of

NCGS as determined from the already published studies

show that this syndrome is rare in infancy and is more

frequent in adolescents and adults, with a high number of

cases diagnosed in the elderly. Moreover, similar to celiac

disease, NCGS is much more frequent in females than in

males. The preliminary results of a prospective survey pro-

moted by the Italian Association for Celiac Disease in Italian

Centers for the diagnosis of gluten-related disorders has

identified 200 new cases of NCGS over a few months, show-

ing that the median age of disease onset was 55 years (range:

18–80 years), with a markedly higher prevalence in females

than in males (F/M 6 : 1).49 In the majority of patients with

NCGS, the previously absent gluten-related symptoms usu-

ally appear some months or years before the diagnosis is

suspected. In approximately 50% of NCGS patients, the con-

dition coexists with irritable bowel syndrome and other food

intolerances, such as lactose and fructose intolerance, in a

significant number of cases. Another relevant clinical aspect

of NCGS is its frequent occurrence in first degree relatives of

celiac disease patients who often display the evidence of

immune responsiveness to gluten despite having normal
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small-intestine mucosa. This observation has been con-

firmed by the demonstration that in our previous study 10

of 78 (12.8%) NCGS patients were relatives of celiac

patients.48 A rectal gluten challenge proved to be a valid tool

for detecting the mucosal findings suggestive of gluten sens-

itivity in the relatives of celiac patients.50

Whether NCGS patients are at risk for associated auto-

immune disorders and complications such as celiac disease

has not been established. Preliminary data suggest that the

presence of autoimmune disorders in NCGS would be a rare

event. Indeed, in our group of 78 NCGS patients, none had

type 1 diabetes mellitus and only one (1.3%) had auto-

immune thyroiditis, compared with 5% and 19%, respect-

ively, of 80 patients with celiac disease.48 Another hot topic

is whether patients with NCGS are at risk of complications

that are similar to those that occur with celiac disease, such

as ulcerative jejuno-ileitis, collagenous sprue, small-intestine

lymphoma and other gastrointestinal neoplasms. The fol-

low-up period with NCGS patients is still too short for

any conclusion to be drawn regarding the outcome of this

condition.

DIAGNOSTIC CRITERIA

Because of the lack of a specific biomarker, the diagnosis of

NCGS relies on the accurate assessment of clinical features

along with the exclusion of wheat allergy and celiac disease

(Table 2). The exclusion of gluten from the diet is followed

by significant improvements, including the disappearance of

intestinal and extra-intestinal symptoms, and gluten reintro-

duction causes symptom recurrence. Symptom improvement

or cessation, as well as their reoccurrence attributable to the

absence or presence of dietary gluten, is suggestive of NCGS.

However, as a placebo effect induced by gluten withdrawal

cannot be excluded, double-blind, placebo-controlled chal-

lenge trials are strongly recommended to confirm the NCGS

diagnosis. Two of these trials have already been performed,

confirming the existence of NCGS. Biesiekierski et al.39 showed

that the double-blind challenge caused the recurrence of cli-

nical symptoms in 68% of patients receiving gluten versus 40%

of those receiving the placebo. Similar results were obtained by

Carroccio et al.,47 whose double-blind placebo-controlled

challenge confirmed a significant worsening of intestinal and

extra-intestinal symptoms in the gluten vs. the placebo group.

As noted above, before considering NCGS, a physician

should exclude both wheat allergy and celiac disease, using

appropriate tests performed under a gluten-containing diet.

Wheat allergy should be ruled out by testing for serum IgE

antibodies to gluten and wheat fractions as well as skin-prick

tests, whereas celiac disease must be excluded by the absence of

specific serological tests, such as IgA tTGA, IgA EmA and IgG

deamidated gliadin peptide antibodies.6,7 The only serological

marker found in patients with NCGS is the first-generation

antibody to gliadin (AGA).47,48,51 AGA positivity of the sera

of about half of the NCGS patients has been found, and these

antibodies are almost always confined to the IgG class, only

occasionally belonging to the IgA class.48 In the 78 NCGS

patients studied in our center, AGA IgG were detected in

Table 1 Clinical presentation of non-celiac gluten sensitivity

(NCGS)

Center for Celiac Research,

University of Maryland,

US 347 NCGS pts

diagnosed between

2004 and 20102

Center for Celiac

Research, University of

Bologna, Italy 78 NCGS

pts diagnosed between

2009 and 201148

Bloating 72% 72%

Abdominal pain 68% 77%

Diarrhea 33% 40%

Constipation n.r. 18%

Eczema and/or

rash

40% 33%

Headache 35% 32%

Foggy mind 34% 42%

Fatigue 33% 36%

Depression/

anxiety

22% 15%

Anemia 20% 15%

Numbness in

legs, arms and

fingers

20% 17%

Joint/muscle pain 11% 28%

Abbreviations: NCGS, non-celiac gluten sensitivity; n.r.: not reported.

Table 2 Diagnostic criteria for non-celiac gluten sensitivity

. Gluten ingestion typically elicits the rapid occurrence (in a few hours or days) of intestinal and extra-intestinal symptoms (Table 1)

. Symptoms disappear quickly (in a few hours or days) after the elimination of gluten from the diet

. Reintroduction of gluten causes the rapid recurrence of symptoms

. Celiac disease must be ruled out by means of negative serology (endomysial and tissue transglutaminase IgA antibodies) and a duodenal biopsy on a

gluten-containing diet

. Wheat allergy tests (specific IgE as well as skin prick tests), performed on a gluten-containing diet, must be negative

. A double-blind, placebo-controlled gluten challenge test is needed in each suspected patient to confirm the diagnosis and to exclude a placebo effect

induced by gluten exclusion

(i) Although no serological marker is available for non-celiac gluten sensitivity (NCGS), it must be emphasized that approximately 50% of NCGS pts are

positive for first-generation anti-gliadin antibodies (AGA), mainly IgG; (ii) NCGS is unrelated to the celiac disease genetic markers (i.e., HLA-DQ2 and -

DQ8), which are found in approximately 40% of NCGS patients vs. 30% in the general population.
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56% of NCGS patients in comparison with their positivity in

81% of celiac cases, and antibody titers in NCGS patients were

as high as those found in celiac disease. AGA IgA had a very low

prevalence in NCGS patients (8%), with very low titers in com-

parison with those found in celiac disease.48 Although AGA is

not a specific test forNCGS because these antibodus are present

in many other conditions, such as autoimmune liver diseases,

irritable bowel syndrome, connective tissue disorders and even

blood donors, for the time being, the positivity of these anti-

bodies (especially at a high titers) in patients with suspected

NCGS can contribute to this diagnosis.52 AGA IgG disappeared

in 19 of 20 patients with NCGS within 6 months of initiating a

GFD, whereas they remained positive in about half of CD

patients after gluten withdrawal.1,53 It is reasonable to hypo-

thesize that immunological memory might be active in celiac

disease but not in NCGS.

A duodenal biopsy is highly recommended in patients with

suspected NCGS when they are on a gluten-containing diet to

definitively rule out a celiac disease diagnosis, even if the celiac

serology is negative, because of the possibility of seronegative

celiac disease, which occurs in 1%–2% of the total cases of

celiac disease.6 There is a wide consensus that NCGS patients

have low-grade inflammation in their small intestines, but the

majority (approximately 60%) display a normal histology of

duodenal mucosa with a number of intraepithelial lympho-

cytes (IELs) lower than 25 per 100 epithelial cells (grade 0

according to Marsh–Oberhuber modified classification).2,48

The remaining 40% have a mild increase in IELs of up to

40% epithelial cells (lesion grade 1), which is less than the

percentage of IELs that are usually detected in celiac patients.54

In contrast to celiac disease, inNCGS, there is not an increase of

T-cell receptor c/d IELs.34

NCGS does not correlate with the HLA-DQ2 and -DQ8,

which are markers of celiac disease. Positivity for HLA-DQ2

and/or -DQ8was found in 46%ofNCGS patients. This figure is

much lower than that found in patients with CD (99%) and is

comparable to that of the general population (30%).48

TREATMENT

The diagnosis of NCGS should be confirmed by a double-blind,

placebo-controlled gluten challenge.39,47 After confirmation of

the NCGS diagnosis by this procedure, patients must change

their dietary habits and consume foods with a minimal gluten

content. Cereals such as rice, corn, buckwheat and millet and

leguminosae such as quinoa, amaranth and soybean are recom-

mended as substitutes for gluten-containing products.

Commercially available gluten-free products are useful for

patients with NCGS to achieve a thoroughly gluten-free regi-

men, but, as also recommended for celiac disease patients,

naturally gluten-free foods, such as meat, fish, eggs, fruit and

vegetables, should be integrated into their diets to ensure

proper nutrition. In the entire diet regimen, the use of com-

mercially available gluten-free products should remain low to

limit the introduction of chemical additives and preservatives,

which are abundant in these products and a potential cause of

functional gastrointestinal symptoms. In contrast to patients

with celiac disease, NCGS patients should not fear gluten

contamination due to traces of gluten inadvertently introduced

by foods. However, it must be mentioned that the level of

tolerance varies across individuals and there are also patients

with NCGS who do not tolerate very small amounts of gluten.

GFD leads to the complete disappearance of symptoms inmost

patients with NCGS, whereas in other cases the improvement

after gluten withdrawal is only partial. Because no clues exist as

to whether gluten sensitivity is a permanent or transient con-

dition, the reintroduction of gluten after 1–2 years on GFD

could be advised. A correct approach may be a desensitization

trial with the introduction of progressively small amounts of

gluten.

CONCLUSIONS

The recent increase in the number of patients sensitive to die-

tary gluten without evidence of celiac disease and wheat allergy

has contributed to the recognition of a new gluten-related syn-

drome classified as NCGS.1,2 Although the existence of NCGS

has been accepted by the scientific community, our knowledge

about NCGS is still limited, and there are many unsettled

points that must be clarified. The hypothesized involvement

of several pathogenic mechanisms and the large variability of

the clinical picture have raised the idea that NCGS is an

umbrella covering different subtypes of illnesses rather than a

single entity. Innate immunity plays a major role as a trigger of

this syndrome, but several other relevant factors are likely

involved in its pathogenesis, including low-grade inflam-

mation in the intestinal mucosa, changes in intestinal permea-

bility and alterations of the intestinal microbiome.16,34,35,42

Although a conceptual link between gluten and the generation

of symptoms has been clearly proved in NCGS patients, other

proteins contained in wheat and bread have the potential to

cause the symptoms that are experienced by patients who have

this syndrome. In this context, wheat amylase–trypsin inhibi-

tors, a complex of proteins highly resistant to intestinal prote-

ases and that elicit innate immunity, could represent a trigger

for gluten sensitivity.43 Gluten is the sole cause of symptoms in

only a small subgroup of NCGS patients; in the majority of

these patients, multiple food hypersensitivity underlies the

clinical picture.47 In this context, a diet rich in FODMAPs,

present not only in gluten-containing cereals but also in milk,

honey and legumes might elicit this syndrome.44 Moreover,

chemical additives, such as glutamates, benzoates, sulfites

and nitrates, which are added to many commercial products

for various reasons (to improve flavor, color and preservative

function), might have a role in evoking the functional gastro-

intestinal symptoms of NCGS and other disorders character-

ized by intestinal inflammation, such as irritable bowel

syndrome.44 In this respect, a subgroup of NCGS patients does

not improve by eating commercially gluten-free products that

are rich in additives and preservatives, and they experience the

resolution of gluten-related symptoms by following a diet

based on naturally gluten-free foods (Volta et al., unpublished

data).
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The heterogeneity of NCGS patients is confirmed by the

various combinations of the genetic, histological and serological

features of these patients. A proportion of NCGS patients dis-

play positivity for HLA-DQ2 and/or -DQ8 and/or positivity for

AGA and/or mild intestinal damage (Marsh 1 lesion), which,

taken together, are non-diagnostic for celiac disease but could

theoretically represent the first step toward diagnosing future

celiac disease. Although NCGS and celiac disease are likely two

separate entities with different primary pathogenic pathways

represented by innate immunity and adaptive immunity,

respectively, the possibility that NCGS may evolve into celiac

disease cannot be dismissed. The detection of IgA deposits by

small-intestine biopsies might help to identify NCGS patients

who are at risk of developing celiac disease.55

Another relevant point that must be clarified is whether

NCGS can be associated with the development of autoimmune

disorders and can develop complications (ulcerative jejunoi-

leitis intestinal lymphoma and small-bowel carcinoma) similar

to celiac disease. The clinical study of NCGS is still too limited

to answer this question, which can be elucidated only through

the prolonged follow-up of NCGS patients.

Although it remains unclear whether NCGS is a transient or

a permanent condition, it is tempting to attempt desensitiza-

tion by reintroducing small amounts of gluten in these patients.

Table 3 summarizes themain differences between celiac disease

and NCGS.

In conclusion, there is general agreement in the scientific com-

munity that additional studies are needed to shed light on NCGS,

a condition that has been globally accepted but possesses few

certainties and many questions (Table 4). Current NCGS dia-

gnosis facilities are comparable to those for celiac disease in the

early 1970s, when no marker was available for identifying celiac

disease objectively. In the near future, advances that will help to

provide a specific biomarker for NCGS diagnosis are expected,

which happened for celiac disease by means of serology (EmA

and tTGA). Currently, in the absence of a specific diagnostic test,

the only correct approach for confirming the diagnosis of

suspected NCGS is a double-blind placebo-controlled gluten

Table 3 Comparison between celiac disease and non-celiac gluten sensitivity features

Celiac disease Non-celiac gluten sensitivity

Epidemiology 1% To be defined (range 0.63%–6%)

Duration Permanent Unknown

Prevalent immune pathogenic

mechanism

Adaptive immunity Innate immunity

Onset At any age Adults (rare in pediatric age)

Sex Female/male ratio 2 : 1 Female/male ratio .3 : 1

Time interval between gluten

ingestion and symptoms

Weeks to years Hours or a few days

Clinical picture Intestinal and extraintestinal (systemic) Intestinal and extra-intestinal (mainly neurological)

Biomarkers tTGA, EmA, DGP None (positivity for AGA in approximately

50% of cases but low specificity)

Genetics HLA-DQ2 and -DQ8 linked No known genetic link

Duodenal histology From mild lesions to villous atrophy Normal or less frequently mild lesions

Familiarity 3%–17% of first degree

relatives are celiacs

Unknown, but more than 10% of NCGS pts have

a relative with celiac disease

Autoimmune disorders Frequent association (present in

10%–25% of celiac patients)

Unknown (a longer follow-up is needed)

Outcome (complications) Refractory celiac disease, lymphoma,

small-bowel carcinoma (rare (,1%)

but with a poor prognosis)

Unknown (a longer follow-up is needed)

AGA, anti-gliadin antibodies; DGP, deamidated gliadin peptide antibodies; HLA, histocompatibility leukocyte antigen; NCGS, non-celiac gluten

sensitivity; tTGA, tissue transglutaminase.

Table 4 Future research in NCGS

. Definition of biomarkers for NCGS (identification of specific antibodies, cytokines, chemokines)

. Evaluation of intestinal permeability bymeans of highly sensitive tests to definitively establish whether intestinal barrier function in NCGS is increased (as

hypothesized by studies performed up to now) or decreased (as already demonstrated in celiac disease)

. Characterization of the low-grade inflammation and mild histological lesions found in NCGS patients (differences, if any, between IELs disposition in

NCGS vs. celiac disease)

. GWAS to define whether NCGS displays some genetic link

GWAS, genome-wide association study; IEL, intraepithelial lymphocyte; NCGS, non-celiac gluten sensitivity.
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challenge test, which is the only way to exclude a placebo effect

induced by gluten exclusion.
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