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Food intolerance is a common complaint amongst patients with functional gastrointestinal (Gl) disorders (FGIDs),
including those with irritable bowel syndrome (IBS), functional dyspepsia, as well as gastroesophageal reflux disease.
Although there has been a longstanding interest in the possible role of food allergy in IBS, there are limited data
supporting the association. However, the prevalence of food allergy is sufficiently high that patients with FGID may
also have food allergies or hypersensitivities. Food intolerances or sensitivities are reactions to foods, which are

not due to immunological mechanisms. Lactose intolerance is common in the general population and can mimic
symptoms of FGID or coexist with FGID. As discussed in other articles in this series, other carbohydrate intolerances
may be responsible for symptom generation in patients with IBS and perhaps other FGIDs. There is a great interest
in the role of a major dietary protein, gluten, in the production of symptoms that are very similar to those of patients

with celiac disease without the enteropathy that characterizes celiac disease. Emerging research into a syndrome
known as nonceliac gluten sensitivity suggests a heterogeneous condition with some features of celiac disease but
often categorized as FGIDs, including IBS. This article summarizes the role of dietary proteins in the symptoms and

pathophysiology of FGIDs.
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INTRODUCTION

Conventional therapies for functional gastrointestinal (GI) dis-
orders (FGID) have mainly focused on relief of symptoms, such
as pain, diarrhea, and constipation. Many patients with FGID
believe that specific foods or dietary components have a key role
in inducing symptoms, but the mechanisms for food-specific GI
symptoms are not well elucidated.

A number of observations support a role for food intake in the
pathogenesis of FGID symptoms, both in the irritable bowel syn-
drome (IBS) and functional dyspepsia. The majority of patients
report that food intake induces symptoms (1,2). Many patients
report problems with specific foods, and a myriad of dietary inter-
ventions have been proposed as therapeutic approaches in alleviat-
ing patients’ symptoms (3-6). Although these observations suggest
a role of diet in the pathogenesis and treatment of FGID symp-
toms, the underlying mechanisms for food-specific intolerances
or sensitivities are poorly understood and well-conducted, high-
quality studies are lacking.

Any abnormal reaction resulting from the ingestion of a food
is considered an adverse food reaction (see Figure 1). Such reac-
tions may be the result of food allergies or food sensitivities, or
intolerances. Food allergies are adverse health effects that arise
from specific immune responses occurring reproducibly on expo-
sure to a specific food (7). Foods or food components that elicit an

adverse reaction but have no established immunologic mechanism
are termed food sensitivities.

FOOD ALLERGIES
Food allergens are usually proteins, which are biopolymers built
of various combinations of 20 different naturally occurring amino
acids. The primary dietary sources of proteins are muscle, milk, egg
and plant proteins, and within each source is a complex mixture of
proteins. Muscle proteins originate from meat products, includ-
ing red meat, fish, and poultry. Milk proteins are represented by
two major groups: caseins and whey proteins. Egg proteins are
morphologically divided into proteins of egg white (albumen)
and yolk. Plant proteins include cereal, pulse, and legume pro-
teins (8). Proteins are hydrolyzed by a range of peptidases, each
with specificity for peptide bonds between different amino acids.
Endopeptidases attack internal bonds and liberate large peptide
fragments, whereas exopeptidases cleave off one amino acid at a
time from either the carboxyl or the amino terminus. The final
products are free amino acids and di- and tripeptides, which are
absorbed by epithelial cells of the small intestine.

Along with processing protein and other food components
into a form that can be absorbed and utilized for energy and cell
growth, the GI tract must discriminate between harmful and
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Figure 1. Categorization of adverse reactions to food. Any abnormal reac-
tion resulting from the ingestion of a food is considered an adverse food
reaction. Such reactions may be immune-mediated, termed food allergy,
or nonimmune mediated, termed food sensitivity or food intolerance.

The term food allergy comprises clinical conditions associated with altered
immunologic reactivity that may be IgE-mediated or non-IgE-mediated.
Examples of IgE-mediated responses include oral allergy syndrome (OAS),
hives, and anaphylaxis. Among the non-IgE-mediated responses are food
protein-induced enterocolitis syndrome (FPIES), eosinophilic esophagitis
(EoE), and eosinophilic gastroenteritis, as well as celiac disease. Foods

or food components that elicit an adverse reaction but have no estab-
lished immunologic mechanism are termed food sensitivities. Among the
mechanisms for food sensitivity are food toxicity, as well as pharmacologi-
cal, metabolic, physiological, and psychological food sensitivities. Modified
from NIAID-Sponsored Expert Panel (7).

harmless foreign proteins. Every day, the GI tract is exposed not
only to commensal bacteria of the GI tract and food but also to
potentially harmful bacteria and other pathogens. The GI mucosa
has an extensive immune system, which, together with mechanical
barriers, has a pivotal role in defending the host against possible
offending agents (9).

In a healthy gut, the mucosal immune system interacts with com-
mensal bacteria and dietary antigens without generating an inflam-
matory response and can mount an appropriate host response to
pathogenic microorganism exposure. In an intact mucosal barrier,
only small quantities of antigen or pathogen cross beyond the epi-
thelium and a mechanism exists for downregulation of the immune
response to the agents that do cross, leading to what is termed “oral
tolerance”. The two divisions of the GI immune system that allow
this response to occur are innate and adaptive immunity (9).

Innate immunity is the first line of defense and is closely linked
to the digestive and absorptive processes of the GI tract. It can be
further divided into two forms of response, nonimmunologic and
immunologic. Nonimmunological mechanisms protecting the
mucosa against foreign antigen contact consist various physiologic
chemicals, antimicrobial elements, and mechanical processes,
including peristalsis and an intact epithelial barrier provided by
tight junctions. Immunological components include the comple-
ment system, phagocytes, and natural killer cells. The adaptive
immune response is mediated through both humoral and cellular
immunity. Humoral immunity, via B-lymphocytes, results in anti-
body production to defend against harmful pathogens. Cellular
immunity, via T lymphocytes, protects against untoward intracel-
lular events (9).
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Developmental immaturity in infants reduces the efficiency of
the mucosal barrier, and likely has a major role in the increased
prevalence of GI infections and food allergy seen in the first few
years of life. In addition, in a susceptible host, a failure to develop
or a breakdown in oral tolerance may result in sensitization to food
allergens. The eight major allergens in many developed countries
include peanuts, tree nuts, cow’s milk protein, eggs, wheat, soy pro-
tein, shellfish, and fish. These eight foods/groups account for 90%
of food allergies in the United States (10).

The term “allergy” includes clinical conditions associated with
altered immunologic reactivity that may be IgE-mediated or
non-IgE-mediated. IgE is a unique class of immunoglobulin that
mediates an immediate allergic reaction. The most established
abnormal immunologic reactions to food are caused by allergen-
specific IgE-mediated, so-called “immediate hypersensitivity”
reactions. These reactions are involved in the pathogenesis of
many cases of asthma, rhinitis, urticaria, atopic dermatitis, and
GI adverse food reaction. Delayed reactions following immediate
IgE-mediated hypersensitivity can also occur and are character-
ized by an enhanced cell infiltration of the tissue with inflamma-
tory cells and subsequent tissue damage (11).

There are additional immunologic, non-IgE-induced mecha-
nisms, including eosinophilic GI disorders (eosinophilic esophagi-
tis, eosinophilic enteritis, eosinophilic colitis, and eosinophilic
gastroenteritis), food protein enteropathy, enterocolitis and procti-
tis, and celiac disease, which are also considered to be food allergies.
In these conditions, sensitization to food protein cannot always be
demonstrated based on an allergen-specific IgE. The diagnosis of
non-IgE-mediated food allergy is based on signs and symptoms
occurring reproducibly on exposure to food, resolution of those
signs and symptoms with specific food avoidance, and histologic
evidence of an immunologically mediated process.

FOOD INTOLERANCES OR SENSITIVITIES
Foods or food components that elicit an adverse reaction but have
no established immunologic mechanism are termed food sensitivi-
ties (recommended or preferred term in the United States (7)) or
food intolerance. Among the mechanisms for different forms of
food sensitivity are food toxicity, as well as pharmacological, meta-
bolic, physiological and psychological food sensitivities. Those with
no established mechanism are “idiosyncratic” food sensitivities
(11). Table 1 summarizes the major categories of food sensitivities.
Food toxicity results from microbial contamination of food caus-
ing GI symptoms generally from preformed toxins, such as staphy-
lococcal enterotoxin, or replication of enteric pathogens, such as
Shigella, Salmonella, Campylobacter or Escherichia coli. These reac-
tions usually do not recur and have typical presentations (11).
Pharmacological food sensitivities are reactions to food due to
chemical components in foods and food additives, and most cause
symptoms outside of the GI tract. Examples include histamine
found in Swiss cheese, tuna, and other scombroid fish, causing
headaches and diffuse erythema of the skin, and glutamate, which
can cause a syndrome of warm sensation, chest tightness, head-
ache, and gastric discomfort (11).
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Table 1. Categories of sensitivities or intolerances to food

Category Examples

Food toxicity Effects of food-borne pathogens, including microbial

toxins

Pharmacological Adverse reactions to histamine in foods, such as

scombroid fish poisoning

Metabolic Lactose intolerance

Physiological Consequences of ingestion or digestion of certain

foods, such as fatty foods, legumes, and many other
foods

Psychological Eating disorders, aversion to food because of taste,

texture, and other mechanisms

Idiosyncratic Unpredictable and unexplained reactions to foods;

e.g., NCGS

Among the metabolic food sensitivities, the most common
is lactose intolerance. Primary lactose intolerance is most com-
monly due to declining levels of intestinal lactase activity in later
childhood and adulthood, but can rarely manifest as a congenital
deficiency. Symptoms are dose dependent and include bloating,
flatulence, and diarrhea. Secondary lactase deficiency can also be
seen in viral gastroenteritis, radiation enteritis, Crohns disease,
and celiac disease among others.

Physiologic food sensitivities result from physiological reactions
to food components or additives. An example is the starch found in
legumes, which serves as a substrate for gas production by colonic
flora. Psychological food sensitivities include taste aversion, tex-
ture aversion, fear of the consequences of eating, conditioned
responses, eating disorders, and those secondary to a traumatic
experience ( e.g., from abuse), neglect, or food poisoning. Idiosyn-
cratic food sensitivities have no established mechanism and are,
in general, controversial. Among the most common food proteins
that have been reported to cause idiosyncratic food sensitivities are
gluten and cow’s milk.

CELIAC DISEASE AND NONCELIAC GLUTEN
SENSITIVITY

Gluten is a complex of water-soluble proteins from wheat, rye, and
barley (12). “Gluten-related disorders” is a term used to describe
all conditions related to gluten, including celiac disease, dermati-
tis herpetiformis, gluten ataxia, and nonceliac gluten sensitivity
(NCGS) (13).

Celiac disease is characterized by chronic inflammation of the
proximal small intestinal mucosa that heals when foods containing
gluten are excluded from the diet and returns when foods contain-
ing gluten are reintroduced. Gluten contains the storage proteins
derived from wheat, barley, and rye. These proteins are enriched
in glutamines and prolines, and undergo partial digestion in the
upper GI tract, which results in various native peptide derivatives.
The specific peptides that can elicit an immune response vary and
occur throughout the storage proteins of all the three grains. These
immunogenic peptides are resistant to digestion by GI proteases
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and can be taken up intact in the small intestine by paracellular
and transcellular routes into the lamina propria where they interact
with immune effector cells (14). Most patients who develop celiac
disease make tissue transglutaminase (tT'G) or transglutaminase 2
autoantibodies. Transglutaminase 2 acts to deamidate glutamine to
negatively charged glutamic acid residues. The deamidated gliadin
peptides then bind to products of heterodimeric human leukocyte
antigen (HLA)-class II genes HLA-DQ2 or HLA-DQS8, and their
binding results in gluten-specific CD4+Th1 T-cell activation and
an immune response that causes the intestinal injury character-
istic of celiac disease. The histopathologic manifestations include
intraepithelial lymphocytosis, lamina propria inflammation and
varying degrees of villous atrophy (15).

The available screening tests for celiac disease include antigliadin
antibodies, endomysial antibodies (EMA), tTG, and deamidated
gliadin peptide). IgG antigliadin antibodies, deamidated gliadin
peptide, and tTG antibodies are also available, but are largely used
in the setting of IgA deficiency. Overall, the tTG IgA is the recom-
mended test to screen and the inclusion of other tests in the panel
adds little to the sensitivity, but increases the economic cost to spe-
cificity if a positive result leads to further testing (14). The diagno-
sis can be suggested by detecting tTG IgA in serum and confirmed
by small intestinal biopsy. In spite of the high sensitivity of celiac-
disease serology up to 10% of celiac disease cases are seronegative.
This false-negative rate is only, in part, due to IgA deficiency, the
most common hereditary immunodeficiency in the general popu-
lation (1:400-1:700), and is variably reported as increased amongst
patients with celiac disease. Thus, if there are symptoms that war-
rant further assessment, such as unexplained diarrhea or iron defi-
ciency anemia, then endoscopy with intestinal biopsies should be
performed. Another important component of diagnostic testing in
celiac disease is the use of HLA-DQ2/DQ8 testing, as nearly 100%
of patients with celiac disease carry the DQ2 or DQ8 alleles as com-
pared with 30-35% of the general US population. As the presence
of those alleles provides close to 100% sensitivity for celiac disease,
the test is only useful in excluding celiac disease, given a very high
negative predictive value for the disease.

Once a diagnosis of celiac disease is made, the benefits of adher-
ing to a gluten-free include improvement of symptoms as its pri-
mary and most common benefit, and may also reduce overall
cancer risk (16), improve quality of life (17), ameliorate osteoporo-
sis, correct iron deficiency, and improve unexplained infertility
and pregnancy outcomes (18).

In contrast to celiac disease, NCGS, also described in the litera-
ture as gluten sensitivity, gluten hypersensitivity, gluten intoler-
ance, and nonceliac gluten intolerance (19), is one or more of a
variety of symptomatic manifestations precipitated by ingestion
of gluten-containing foods in individuals in whom celiac disease
and wheat allergy have been excluded (13,19-21). The diagnosis
is based largely on an association between the ingestion of gluten
and the development of adverse symptoms. NCGS can be charac-
terized by gastrointestinal symptoms, such as diarrhea, abdominal
discomfort, or pain, and bloating and flatulence, or extraintesti-
nal manifestations, such as headache, lethargy, attention-deficit/
hyperactivity disorder, ataxia, or recurrent oral ulceration, which

VOLUME 108 | MAY 2013 www.amjgastro.com



Nonceliac gluten sensitivity

IBS symptoms L Spectrum of CD

Motility/visceral sensation
Brain-gut interactions
Immune activation
Altered gut microbiome

Figure 2. Is it IBS, celiac disease, or something in between? Nonceliac
gluten sensitivity (NCGS) encompasses a collection of medical conditions
in which gluten leads to an adverse food reaction, which can be clinically
indistinguishable from celiac disease (CD), but testing is negative or
inconclusive. NCGS may be one of the underlying mechanisms for
symptom generation in irritable bowel syndrome (IBS) and may not
necessarily belong to the spectrum of CD. Modified from Verdu et al. (24).

improve or disappear after gluten withdrawal in patients in whom
celiac disease and wheat allergy have been ruled out (22). As there
is no known mechanism, there are currently no diagnostic crite-
ria or serological testing available for the disorder. One study sug-
gests that increased antigliadin IgG antibodies are often found in
patients with NCGS (23).

Although there is no well-established mechanism for NCGS, the
gluten-free diet has gained substantial popularity with the general
public and this is reflected in the more than doubling of sales of
gluten-free products since 2005. Projected US sales are expected
to hit $1.68 billion and $3.38 billion globally by 2015 (Reuters
online, 29 September 2011; http://www.reuters.com/article/2011/
09/29/uk-food-glutenfree-idUSLNE78500W20110929). Gluten-
free products are now readily available in many geographic loca-
tions and several large US food-manufacturing companies now
offer gluten-free alternatives.

Verdu et al. (24) describe NCGS as the “no man’s land” between
FGIDs and the spectrum of celiac disease, recognized neither by
the FGID or celiac disease specialists at that time (see Figure 2).
Some data suggests that a subset of patients labeled as NCGS may,
in actual, belong to the spectrum of celiac disease, representing
a milder form of celiac disease with abnormal serologic celiac
antibodies, a fitting HLA haplotype, but nondiagnostic duodenal
biopsies (25). Subtle immunopathological changes in the intestine
exposed to gluten have been described that do not meet the crite-
ria for celiac disease but typically occur in individuals that carry
the same HLA genotypes associated with the disease. Pathologic
changes that have been described include increased intraepithelial
lymphocytosis (26), increased IgA deposition in the intestinal villi
(27), changes in the microvillus border, and an increase in secreted
antibodies directed against gliadin (28).

In support of a subset of NCGS belonging to the spectrum of
celiac disease, Kaukinen et al. (29) studied 10 patients with celiac
disease-like symptoms and Marsh 1 or 2 mucosal lesions, which
correspond to increased intraepithelial lymphocytes without
other small bowel architectural changes (Marsh 1) or plus crypt

© 2013 by the American College of Gastroenterology
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hyperplasia (Marsh 2). Of 10 patients maintained on gluten-free
diet for 6-12 months, 8 patients had resolution of symptoms with
statistically significant improvement of mucosal lesions. All of the
patients who responded to the gluten-free diet were HLA-DQ2
positive; serum EMA IgA was initially positive in 80% and tTG
IgA was positive in 90%. When patients were maintained on
the gluten-free diet, all antibody levels decreased to normal or
remained only slightly elevated.

Similarly, Wahnscahaffe et al. (30), in a nonrandomized prospec-
tive study, investigated 102 patients with diarrhea-predominant
IBS, who had normal biopsies or increased intraepithelial cell
counts and negative celiac serologies. Fifty-eight percent of the
IBS patients carrying HLA-DQ2 alleles had positive IgA anti-
gliadin or anti-tTG antibodies in duodenal aspirate and higher
intraepithelial lymphocytes, compared with 15% of IBS patients
with negative HLA-DQ2. Noting that the determination of anti-
bodies in intestinal fluid is invasive, nonstandard, and probably
not feasible as a routine test, they extended their earlier study to
investigate serum IgG antibodies against gliadin or tTG in IBS
patients and examined the sensitivity and specificity of these
markers to predict the clinical response to a gluten-free diet
(31). They evaluated 51 diarrhea-predominant IBS patients for
clinical response to a gluten-free diet. HLA-DQ2 genotype test-
ing and baseline and interval serologic testing was performed,
including serum antigliadin antibodies IgA and IgG. Small bowel
biopsies were performed to evaluate for celiac disease. For IBS
patients with abnormal celiac antibody tests, but nondiagnos-
tic small bowel biopsy results, antigliadin antibodies IgG sig-
nificantly decreased in only HLA-DQ2-positive patients after
6 months on a gluten-free diet (P <0.01), with no significant change
in tTG IgG concentrations. GI symptoms significantly improved
on the gluten-free diet, and the effect was more pronounced in
HLA-DQ2-positive patients (P<0.01). The authors concluded that
the presence of HLA-DQ2 and its association of clinical response
to a gluten-free diet was 92% sensitive and 52% specific. Its absence
had a 94% negative predictive value.

Aside from the celiac disease spectrum, many potential mecha-
nisms for NCGS have surfaced in recent years. One of the proposed
mechanisms is an innate immune reaction. Although the typical
aspects of overt inflammation or mucosal architecture distortion
are absent in patients with IBS, some data suggests mild activation
of the immune system, both locally in the intestinal mucosa and
systemically in plasma, serum, and peripheral blood mononuclear
cells. It is contested whether these mild immune abnormalities are
relevant to symptom manifestation, but some studies have shown
that mucosal or luminal mediators obtained from patients with
IBS, but not controls, evoked abnormal functional responses in
enteric and sensory nerves (32), and disrupted the intestinal bar-
rier integrity of recipient laboratory animals, isolated rodents (33),
or human tissues or cell culture (34). The implication of intestinal
immune activation in the pathogenesis of IBS is supported by the
development of IBS symptoms in subjects involved in an episode of
acute infectious gastroenteritis, the so-called post-infectious IBS.
It is conceivable that other environmental triggers, such as gluten,
may result in abnormal gut immune function leading to IBS.
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In a study by Sapone et al. of 13 celiac disease, 11 NCGS
and 7 control patients, NCGS patients had a number of CD3+
intraepithelial lymphocytes intermediate between celiac disease
patients and controls in the context of conserved villous archi-
tecture. IL-17A gene expression in biopsy specimens was signifi-
cantly elevated in active celiac patients compared with NCGS and
control patients and the level of variance was also statistically sig-
nificant (P<0.025). They concluded that celiac disease and NCGS
are distinct entities and that the immune system deals with gluten
in different ways, possibly depending on the genetic makeup of
the subject (35).

In a more recent study, Sapone et al. (35) evaluated 26 patients
with NCGS, 42 with celiac disease, and 39 controls, and found
that patients with NCGS had significantly lower intestinal per-
meability measured by urinary lactulose/mannitol ratio as com-
pared with celiac disease or control patients (P=0.030). Relative
to controls, adaptive immunity markers interleukin-6 (P=0.012)
and interleukin-21 (P=0.057) were expressed at higher levels in
celiac disease but not in NCGS, whereas expression of the innate
immunity marker Toll-like receptor-2 was increased in NCGS but
not in celiac disease (P=0.029). Expression of the T-regulatory cell
marker FOXP3 was significantly reduced in NCGS relative to con-
trols (P=0.032) and celiac disease patients (P=0.029). The authors
concluded that NCGS and celiac disease are different clinical syn-
dromes, and that NCGS may be associated with gluten-induced
activation of innate, rather than adaptive, immune responses in the
absence of detectable changes in mucosal barrier function (36).

Another proposed mechanism for NCGS is the opioid hypoth-
esis, as it has been established that peptides with opioid activity are
found in pepsin hydrolysates of wheat gluten. The opioid activity
of these peptides was demonstrated by the use of several bioassays,
including naloxone-reversible inhibition of adenylate cyclase in
homogenates of neuroblastoma X-glioma hybrid cells, naloxone-
reversible inhibition of electrically stimulated contractions of the
mouse vas deferens, and displacement of H3 dihydromorphine and
H3-Tyr, DAla2 met-enkephalin amide from rat brain membranes,
suggesting that they may be of physiological importance (37).

Yet another proposed mechanism is the “leaky gut” hypothesis.
There is evidence supporting that tight junctions, once regarded
as static structures, are in fact dynamic and they readily adapt to
a variety of developmental (38), physiological (39), and pathologi-
cal (40-44) circumstances. For instance in celiac disease, immune
responses are initiated when immunogenic, incompletely digested
gluten peptides gain entry into the lamina propria of the small
intestine by transcellular transport and through the paracellular
space between epithelial cells. Paracellular transport of gluten pep-
tides may occur in the setting of increased paracellular permeabil-
ity in patients with celiac disease due to gliadin-induced innate and
adaptive immune responses (45-47) and subsequent tight junction
disassembly (47-49). In contrast, there is no experimental data
to suggest that intestinal permeability is altered in patients with
NCGS. There is, however, some data reporting increased intestinal
permeability in post-infectious IBS (50-52).

Other mechanisms have been proposed for NCGS, although there
is scant scientific literature supporting the hypotheses of gluten
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toxicity, immune complex-mediated mechanisms, and autoimmu-
nity. Alternatively, a component of wheat, aside from gluten, could
be responsible for some of the symptomatic responses, as wheat
starch itself is a highly fermentable substrate and its interaction
with bacteria in the colon can lead to gas production and produc-
tion of short-chain fatty acids, which in patients with abnormal
motility and visceral hypersensitivity could lead to intestinal
symptoms. Finally, NCGS may only be apparent and caused by the
nocebo effect of wheat or gluten ingestion (22).

In an attempt to shed light on the role of wheat ingestion in the
development of GI symptoms in IBS patients, Carroccio et al. (53)
performed a retrospective analysis of 276 patients with an IBS-like
clinical presentation, who had received a diagnosis of “wheat sen-
sitivity” on the basis of a double-blind placebo-controlled (DBPC)
challenge. Inclusion criteria for patients included normal duode-
nal biopsy, negative serum tTG and EMA IgA antibodies, negative
skin prick tests, and serum-specific IgE antibodies, and those who
had a resolution of symptoms on a wheat-free diet and reappear-
ance on DBPC wheat challenge.

When enrolled in the study, patients who had self-restricted
wheat were invited to ingest at least 30 g of wheat daily, and were
observed for 2-4 weeks on a regular diet. Patients then underwent
a standard elimination diet with exclusion of wheat, cow’s milk,
eggs, tomato, and chocolate. Patients who self-reported food sen-
sitivity were also asked to avoid ingestion with the culprit food(s)
causing symptoms. Food diaries were maintained to assess dietary
intake and adherence to the diet. After 4 weeks, they underwent
DBPC challenges with reintroduction of a single food at a time.
In the case of wheat, the challenge was performed with capsules
coded A or B containing wheat or xylose. Capsules A or B were
given for 2 consecutive weeks, and then after a week of washout the
patients received the other capsules for another 2 weeks. During
all phases, the severity of symptoms was recorded. The challenges
were considered positive if the same symptoms reappeared after
their disappearance on elimination diet.

Of the 276 patients, 70 were diagnosed with “wheat sensitivity”
alone, whereas 206 were diagnosed with multiple food sensitivities,
including “wheat sensitivity”. The symptom score for each symp-
tom was significantly higher than at baseline from the first week
on the DBPC wheat challenge (P<0.0001), and the values further
increased at the end of the second week (P<0.0001). In the placebo
group, there was no significant variation in the symptom score after
weeks 1 and 2. The score on the wheat-containing diet was signifi-
cantly higher than on placebo, both at the end of the first and second
weeks into the DBPC challenge (P<0.0001). It is not clear from this
study, however, if the reported sensitivity to wheat is due to gluten
sensitivity or to another component of wheat, such as wheat starch.

In the first DBPC dietary rechallenge trial specifically investigat-
ing the role of gluten ingestion in IBS patients, Biesiekierski et al.
(54) took 34 patients diagnosed with IBS by Rome III criteria, who
had experienced symptom improvement with gluten-free diet for
at least 6 weeks before study enrollment. Celiac disease had been
excluded by either a negative HLA-DQ2/HLA-DQS8 haplotype or
a normal duodenal biopsy (Marsh 0). Patients with significant GI
disease, such as cirrhosis or inflammatory bowel disease, and those
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using nonsteroidal anti-inflammatory drugs or excessive alcohol,
wereexcluded. Throughout the 6-week double-blind randomization
phase of the trial, study participants were continued on a gluten-
free diet and were provided study foods. The study food was ran-
domized in 10 of the 34 patients to contain 16 g of gluten per day.
The other 15 patients received gluten-free food, and preliminary
testing in 10 healthy individuals revealed that the gluten-free
foods could not be differentiated from gluten-containing foods
on the basis of taste or texture. The gluten used in the study was
free of fermentable oligo-, di-, monosaccharides, and polyols. The
primary outcome was the proportion of patients answering “no”
on more than half of the occasions at the end of each week to the
question “Over the past week, were your symptoms adequately
controlled?” Secondary outcomes, including bloating, abdominal
pain, and satisfaction with stool consistency, nausea, and tiredness,
were assessed using a 100-mm visual analog scale. At weeks 0 and
6, biomarkers, including high-sensitivity C-reactive protein and
tTG IgA, whole gliadin IgA and IgG, and EMA, were measured.
To assess intestinal permeability, a dual sugar test was performed,
which relied on the measurement of urine lactulose/rhamnose.
Finally, innate immunity and transepithelial migration of neu-
trophils were explored with fecal lactoferrin measurements.

It was found that a significantly greater proportion of patients in
the gluten group compared with gluten-free group answered “no”
to the primary outcome question (68% vs. 40%; P<0.001). Com-
pared with the gluten group, those who remained gluten-free also
reported improvements in pain (P<0.016), bloating (P<0.031), sat-
isfaction with stool consistency (P <0.024), and tiredness (P<0.001),
but showed no differences in wind (P<0.053) or nausea (P<0.69;
see Figure 3). None of the patients had elevated tTG IgA or EMA at
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baseline, and there were no differences for whole-gliadin antibod-
ies between the gluten and gluten-free groups. The results of celiac
antibodies and other biomarkers after the dietary intervention were
similar between the groups. Intestinal permeability as measured by
urine lactulose-to-rhamnose ratio was unchanged by the dietary
intervention. Fecal lactoferrin levels were persistently undetectable
in all but one patient during the treatment period. There were no dif-
ferences in the likelihood of symptomatic response in those with and
without HLA-DQ2/DQ8 alleles. The authors stated that these data
support the existence of NCGS and concluded that gluten is associ-
ated with overall IBS symptoms, bloating, dissatisfaction with stool
consistency, abdominal pain, and fatigue in a subset of patients.

Regarding the association between NCGS and functional dys-
pepsia, GERD, bloating, diarrhea, and constipation, there is cur-
rently very limited scientific literature available. As is the situation
for IBS-like symptoms and celiac disease-like presentations, both
proteins like gluten and other components of wheat, such as wheat
starch, may be responsible for GI symptoms experienced in many
FGIDs. Studies to date have substantial methodological short-
comings, and given the heterogenous nature of wheat or gluten
sensitivity larger groups of patients will need to be examined to
better understand the role of food components in IBS, functional
dyspepsia, and many other FGIDs.

METHODS TO IDENTIFY PATIENTS WITH POSSIBLE
NONCELIAC GLUTEN SENSITIVITY OR WHEAT
INTOLERANCE

There are currently no defined diagnostic criteria and no underly-
ing mechanism for NCGS, thus making the diagnosis challenging.

Mean change in symptoms over 6 weeks

50

50

. Overall symptoms Bloating
E 40 4 P=0.047 40 4 P=0.031
S 30 30
I
S 20 1 20
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_ 509" pain
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Figure 3. Gluten causes symptoms in IBS patients without celiac disease. Change in symptom severity from baseline in gluten (n=19) and placebo-treated
(n=15) groups over a 6-week study period. Data shown represents mean change of symptoms using a visual analog scale (VAS) for subjects remaining on
study therapy at each time point. P-values shown for overall symptoms and bloating represent the differences compared at week 1, which are statistically
significant. P-value shown for abdominal pain represents the difference compared at week 1 and the entire study period, both of which are statistically

significant. Modified from Biesiekierski et al. (54).
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Proposed approach to patients reporting adverse gastrointestinal reactions to eating wheat or gluten

Suspect

Suspect celiac disease,
wheat allergy

gluten sensitivity, or
wheat starch intolerance

Specific skin pin-prick tests
Wheat-specific serum IgE

Wheat protein challenge Sl eameml i) i

or gluten
Test +
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confirmed NCGS likely intolerance
likely

Figure 4. Proposed approach to patients reporting adverse gastrointestinal reactions to eating wheat or gluten. Proposed approach for the differential
diagnosis of suspected wheat or gluten-related disorders, including wheat allergy, celiac disease (CD), non-celiac gluten sensitivity (NCGS), and wheat
starch intolerance. The evaluation outlined is best conducted in centers with special interest and expertise in CD, food allergies, and/or food intolerances.
In the case of suspected wheat allergy, skin pin-prick tests, wheat-specific serum IgE, and wheat protein challenge are conducted. If the IgE-based
tests and challenge are positive, the diagnosis of wheat allergy is confirmed. If this evaluation is negative, wheat allergy is ruled out and other diagnoses
should be considered (*proceed to suspected NCGS or wheat intolerance pathway). In suspected CD, NCGS, or wheat starch intolerance, if the patient
is currently consuming wheat or gluten, CD is initially evaluated with serological testing (serum tissue transglutaminase (tTG) IgA, total IgA level, and
potentially, gliadin peptide antibodies). If this is positive, esophagogastroduodenoscopy (EGD) is performed. If the tTG IgA is negative and there is a

high likelihood of CD (otherwise unexplained diarrhea, iron deficiency, weight loss, and abdominal pain), EGD is also recommended. If the biopsy

result is positive, the diagnosis of CD is confirmed. If the biopsy is negative and the patient has human leukocyte antigen (HLA) CD susceptibility genes,
as well as tTG IgA positivity, the patient may have potential CD, but could also have NCGS. If the biopsy is negative and HLA gene testing is negative,
CD is ruled out and one could proceed to assess for NCGS or wheat intolerance (*). If the patient is not currently consuming gluten, and CD, NCGS,
and wheat intolerance are being considered, HLA DQ2/DQ8 testing is performed. If the patient has an HLA susceptibility gene, serological testing
should be checked and, if positive, proceed to EGD with biopsy. If serology is not abnormal, a gluten challenge should be undertaken for up to 3 to

6 months if symptoms or serology do not become positive earlier, followed by EGD, including small intestinal biopsies. If the tTG IgA is negative and
clinical suspicion for CD is low, then a diagnosis of either wheat intolerance or NCGS is suspected. At this point, it is recommended to perform a blinded

wheat starch challenge or gluten challenge, ideally by the gold standard method, a double-blinded placebo-controlled (DBPC) challenge. In the first phase
of the DBPC challenge, an elimination diet is initiated. This is followed by DBPC challenge, in the case of wheat intolerance, with wheat starch or placebo
(xylose) administered as a capsule followed by washout period and crossover. In the case of NCGS, the challenge is identical, except with gluten capsules.

If DBPC challenge is not possible, a nonblinded trial of wheat-starch-free or gluten-free diet followed by food challenge testing is initiated. If the DBPC
challenge is positive, elimination of wheat starch or gluten is performed, and if there is an improvement wheat starch intolerance (or NCGS) is likely.
If there is no improvement, other diagnoses are entertained, including small intestinal bacterial overgrowth and FGID, which can be associated with

food sensitivities beyond wheat proteins or starch.

A proposed algorithm is as depicted below (see Figure 4). It
should be noted that food challenges and allergy evaluation
should be conducted in centers with expertise in food allergy and
food intolerances.

The evidence for an elimination diet followed by food challenge
testing comes from the initial observation by Jones et al. (55),

The American Journal of GASTROENTEROLOGY

of the role of food sensitivity in IBS (wheat, corn, diary, coffee,
tea, and citrus). Since then, several studies have attempted to
uncover this relationship further, although there are several
methodological limitations, including trial design, inadequate
patient selection, duration of elimination diet, and methods
of food challenge employed (56). Prior studies have used IgG
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enzyme-linked immunosorbent assay testing as the evidence of
food allergy, but this type of testing is no longer accepted in
the diagnosis of food hypersensitivity (7). In one recent study,
Carroccio et al. (57) took blood from 120 IBS patients (Rome II)
to analyze it for activation of basophils by food allergens (by
flow cytometry), as well as total and food-specific IgE levels
in serum to identify abnormal responses. Effects of elimination
diets and double-blind food challenges were used as standards
for food sensitivity. Patients completed a food sensitivity ques-
tionnaire and underwent open elimination diet for 4 weeks of
cow’s milk, wheat, egg, tomato, and chocolate. Responders went
on to DBPC food challenges of milk vs. placebo for 2 weeks
followed by wheat or placebo for 2 weeks. Of these patients, 36%
improved with open elimination. Fifty-five percent of the IBS
patients with food sensitivity had sensitivity to milk and/or wheat
by DBPC food challenges. Forty-three percent had sensitivity to
both, 7% to milk, and 5% to wheat. Problems appeared after a
median of 3 days and 50% had to discontinue food challenges due
to symptoms.

In this trial, patients both overestimated and underestimated
food sensitivities in that 12/32 (38%) self-reporting food sensitiv-
ity improved on open elimination and reacted to DBPC challenge,
and some patients who did not report sensitivity improved with the
open challenge. Basophilic activity by flow cytometry was >85%
accurate for food sensitivity despite the fact that they did/did not
self-perceive the sensitivity.

COW’'S MILK PROTEIN ALLERGY AND INTOLERANCE/
SENSITIVITY

Cow’s milk protein allergy (CMPA) affects 2-3% of young
children and can present with a wide range of IgE-mediated
and non-IgE-mediated clinical syndromes. Most children with
CMPA have IgE-mediated allergy as a manifestation of their
atopic constitution, with or without atopic dermatitis, asthma,
or allergic rhinitis. Clinical symptoms often appear during the
first months of life, usually within days to weeks of commence-
ment of feeding with cow’s milk-based formula. Patients with
CMPA can present with a wide range of IgE-mediated and
non-IgE-mediated syndromes, including the oral allergy syn-
drome, immediate hypersensitivity, eosinophilic esophagitis/
gastroenteritis, dietary protein enteropathy, and dietary protein
proctocolitis (58). The major cow’s milk allergens are caseins
and the whey proteins o-lactalbumin and B-lactoglobulin. Minor
milk allergens include Bos d 6 (bovine serum albumin), lactofer-
rin, and immunoglobulins. In addition to CMPA, there are addi-
tional GI adverse food reactions to cow’s milk, including lactose
intolerance and intolerance of the long-chain triacylglycerol con-
tent of whole milk and cream, as well as items made from these
dairy products.

For patients without cow’s milk-specific IgE and lactose or
triacylglycerol intolerance, the mechanism of cow’s milk protein
sensitivity is not understood, and the literature available for IBS,
functional dyspepsia, GERD, bloating, diarrhea, and constipation
in cow’s milk protein sensitivity is very limited.

© 2013 by the American College of Gastroenterology
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METHODS TO IDENTIFY PATIENTS WITH POSSIBLE
COW’S MILK PROTEIN INTOLERANCE

Currently, there are no defined diagnostic criteria other than those
established for cow’s milk allergy in pediatric patients decades ago
(59). The approach generally followed is to rule out CMPA, lac-
tose intolerance, and triacylglycerol intolerance, via specific chal-
lenges. If the cow’s milk protein challenge test is positive, cow’s
milk products are eliminated, and if improvement occurs, CMP
allergy is likely. If elimination of lactose improves symptoms, lac-
tose intolerance is likely. It is important to understand that not all
diary products have lactose in sufficient amounts to cause symp-
toms. If drinking skim milk and avoiding cow’s milk products
with fat improve GI symptoms, then milk fat sensitivity is sug-
gested. If elimination of all cow’s milk products do not lead to
an improvement of symptoms, consider other diagnoses such as
overgrowth of bacteria of the small intestine, enteropathies, and
FGIDs without specific food sensitivities.

FUTURE DIRECTIONS

We have focused on wheat and milk proteins as potential causes
of food-induced symptoms in individuals with FGIDs. As is evi-
dent in the approach outlined in Figure 4, there are many compo-
nents of wheat that can give rise to GI symptoms. Similarly, milk
contains carbohydrates and fats in addition to milk proteins that
can cause GI symptoms. In general, those who have FGIDs have
increased sensitivity to food, additives, medications, and other
ingested and external factors. Given the increasing reports of
individuals with gluten sensitivity without celiac disease, this cur-
rently loosely defined condition requires further study to establish
firm criteria for the diagnosis. Following this, studies are needed
to understand the potential and likely multiple mechanisms by
which gluten leads to GI symptoms. As the pathogenic mecha-
nisms involved are elucidated, it will be possible to better define
diagnostic criteria, develop appropriate tests, and evaluate the
long-term consequences of avoiding the specific foods analogous
to what is currently done for celiac disease.

CONFLICT OF INTEREST

Guarantor of the article: Sheila E. Crowe, MD.

Specific author contributions: Both authors contributed to the
writing, referencing, and preparation of figures and legends.

Dr Boettcher drafted the initial manuscript, while Dr Crowe
proofed and finalized the text of this submission. Both authors
have approved the final draft submitted.

Financial support: None.

Potential competing interests: None.

REFERENCES

1. Bisschops R, Karamanolis G, Arts ] et al. Relationship between symptoms
and ingestion of a meal in functional dyspepsia. Gut 2008;57:1495-503.

2. Simren M, Mansson A, Langkilde AM et al. Food-related gastrointestinal
symptoms in the irritable bowel syndrome. Digestion 2001;63:108-15.

3. Dunlop SP, Spiller RC. Nutritional issues in irritable bowel syndrome.
Curr Opin Clin Nutr Metab Care 2001;4:537-40.

4. Eswaran S, Tack J, Chey WD. Food: the forgotten factor in the irritable
bowel syndrome. Gastroenterol Clin North Am 2011;40:141-62.

The American Journal of GASTROENTEROLOGY

735



736

Boettcher and Crowe

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

32.

Feinle-Bisset C, Vozzo R, Horowitz M et al. Diet, food intake, and disturbed
physiology in the pathogenesis of symptoms in functional dyspepsia.

Am ] Gastroenterol 2004;99:170-81.

Monsbakken KW, Vandvik PO, Farup PG. Perceived food intolerance

in subjects with irritable bowel syndrome—etiology, prevalence and
consequences. Eur ] Clin Nutr 2006;60:667-72.

NIAID-Sponsored Expert PanelBoyce JA, Assaad A et al. Guidelines for
the diagnosis and management of food allergy in the United States:

report of the NIAID-sponsored expert panel. ] Allergy Clin Immunol
2010;126:51-58.

Jahan-Mihan A, Luhovyy BL, El Khoury D et al. Dietary proteins as deter-
minants of metabolic and physiologic functions of the gastrointestinal tract.
Nutrients 2011;3:574-603.

Jabbar A, Chang WK, Dryden GW et al. Gut immunology and the differen-
tial response to feeding and starvation. Nutr Clin Pract 2003;18:461-82.
Boyce JA, Assaad A, Burks AW et al. Guidelines for the Diagnosis and
Management of Food Allergy in the United States: Summary of the NIAID-
Sponsored Expert Panel Report. ] Allergy Clin Immunol 2010;126:1105-18.
Bischoff S, Crowe SE. Gastrointestinal food allergy: new insights

into pathophysiology and clinical perspectives. Gastroenterology
2005;128:1089-113.

Rostom A, Murray JA, Kagnoff ME. American Gastroenterological Associa-
tion (AGA) Institute technical review on the diagnosis and management of
celiac disease. Gastroenterology 2006;131:1981-2002.

Sapone A, Bai JC, Ciacci C et al. Spectrum of gluten-related disorders:
consensus on new nomenclature and classification. BMC Med 2012;10:13.
Crowe SE. In the clinic. Celiac disease. Ann Intern Med 2011;154:ITC5-
1-ITC5-15.

Hall EH, Crowe SE. Environmental and lifestyle influences on disorders

of the large and small intestine: implications for treatment. Dig Dis 2011;
29:249-54.

Biagi F, Corazza GR. Mortality in celiac disease. Nat Rev Gastroenterol
Hepatol 2010;7:158-62.

Mustalahti K, Lohiniemi S, Collin P et al. Gluten-free diet and quality

of life in patients with screen-detected celiac disease. Eff Clin Pract
2002;5:105-13.

Ludvigsson JF, Ludvigsson J. Coeliac disease in the father affects the
newborn. Gut 2001;49:169-75.

Ludvigsson JE Leffler DA, Bai JC et al. The Oslo definitions for coeliac
disease and related terms. Gut 2012;62:43-52.

Bizzaro N, Tozzoli R, Villalta D et al. Cutting-edge issues in celiac disease
and in gluten intolerance. Clin Rev Allergy Immunol 2012;42:279-87.
Massari S, Liso M, De Santis L et al. Occurrence of nonceliac gluten
sensitivity in patients with allergic disease. Int Arch Allergy Immunol
2011;155:389-94.

Di Sabatino A, Corazza GR. Nonceliac gluten sensitivity: sense or sensibil-
ity? Ann Intern Med 2012;156:309-11.

Volta U, Tovoli E, Cicola R et al. Serological tests in gluten sensitivity
(nonceliac gluten intolerance). ] Clin Gastroenterology 2012;46:680-5.
Verdu EE, Armstrong D, Murray JA. Between celiac disease and irritable
bowel syndrome: the “no man’s land” of gluten sensitivity. Am ] Gastroen-
terol 2009;104:1587-94.

Ferch CC, Chey WD. Irritable bowel syndrome and gluten sensitivity with-
out celiac disease: separating the wheat from the chaff. Gastroenterology
2012;142:664-6.

Kurppa K, Collin P, Viljamaa M et al. Diagnosing mild enteropathy

celiac disease: a randomized, controlled clinical study. Gastroenterology
2009;136:816-23.

. Salmi T'T, Collin P, Jarvinen O et al. Immunoglobulin A autoantibodies

against transglutaminase 2 in the small intestinal mucosa predict forthcom-
ing coeliac disease. Aliment Pharmacol Ther 2006;24:541-52.

Salmi TT, Collin P, Reunala T et al. Diagnostic methods beyond conven-
tional histology in coeliac disease diagnosis. Dig Liver Dis 2010;42:28-32.
Kaukinen K, Maki M, Partanen J et al. Celiac disease without villous atro-
phy: revision of criteria called for. Dig Dis Sci 2001;46:879-87.
Wahnschaffe U, Ullrich R, Riecken EO et al. Celiac disease-like abnormali-
ties in a subgroup of patients with irritable bowel syndrome. Gastroenterol-
ogy 2001;121:1329-38.

Wahnschaffe U, Schulzke JD, Zeitz M et al. Predictors of clinical response to
gluten-free diet in patients diagnosed with diarrhea-predominant irritable
bowel syndrome. Clin Gastroenterol Hepatol 2007;5:844-50.

Barbara G, Wang B, Stanghellini V et al. Mast cell-dependent excitation

of visceral-nociceptive sensory neurons in irritable bowel syndrome.
Gastroenterology 2007;132:26-37.

The American Journal of GASTROENTEROLOGY

33.

34.

35.

36.

37.

38.

39.

40.

4

—

42.

43.

44,

45.

46.

47.

48.

49.

50.

5

—

52.

53.

55.

56.

57.

58.

59.

Gecse K, Roka R, Ferrier L et al. Increased faecal serine protease activity in
diarrhoeic IBS patients: a colonic lumenal factor impairing colonic perme-
ability and sensitivity. Gut 2008;57:591-9.

Piche T, Barbara G, Aubert P ef al. Impaired intestinal barrier integrity in
the colon of patients with irritable bowel syndrome: involvement of soluble
mediators. Gut 2009;58:196-201.

Sapone A, Lammers KM, Mazzarella G et al. Differential mucosal IL-17
expression in two gliadin-induced disorders: gluten sensitivity and the
autoimmune enteropathy celiac disease. Int Arch Allergy Immunol
2010;152:75-80.

Sapone A, Lammers KM, Casolaro V et al. Divergence of gut permeability
and mucosal immune gene expression in two gluten-associated conditions:
celiac disease and gluten sensitivity. BMC Med 2011;9:23.

Zioudrou C, Streaty RA, Klee WA. Opioid peptides derived from food
proteins. The exorphins. ] Biol Chem 1979;254:2446-9.

Fleming TP, Ghassemifar MR, Sheth B. Junctional complexes in the early
mammalian embryo. Semin Reprod Med 2000;18:185-93.

Madara JL, Dharmsathaphorn K. Occluding junction structure-function
relationships in a cultured epithelial monolayer. ] Cell Biol 1985;101:2124-33.
Clayburgh DR, Shen L, Turner JR. A porous defense: the leaky epithelial
barrier in intestinal disease. Lab Invest 2004;84:282-91.

. Fasano A, Nataro JP. Intestinal epithelial tight junctions as targets for

enteric bacteria-derived toxins. Adv Drug Deliv Rev 2004;56:795-807.
Fasano A, Not T, Wang W et al. Zonulin, a newly discovered modulator
of intestinal permeability, and its expression in coeliac disease. Lancet
2000;355:1518-9.

Madara JL, Trier JS. Structural abnormalities of jejunal epithelial cell
membranes in celiac sprue. Lab Invest 1980;43:254-61.

Fasano A. Zonulin and its regulation of intestinal barrier function: the
biological door to inflammation, autoimmunity, and cancer. Physiol Rev
2011;91:151-75.

Jabri B, Kasarda DD, Green PH. Innate and adaptive immunity: the yin
and yang of celiac disease. Immunol Rev 2005;206:219-31.

Clemente MG, De Virgiliis S, Kang JS et al. Early effects of gliadin on
enterocyte intracellular signalling involved in intestinal barrier function.
Gut 2003;52:218-23.

Vorobjova T, Uibo O, Ojakivi I et al. Lower expression of tight junction
protein 1 gene and increased FOXP3 expression in the small bowel mucosa
in coeliac disease and associated type 1 diabetes mellitus. Int Arch Allergy
Immunol 2011;156:451-61.

Schumann M, Gunzel D, Buergel N et al. Cell polarity-determining
proteins Par-3 and PP-1 are involved in epithelial tight junction defects

in coeliac disease. Gut 2012;61:220-8.

van Elburg RM, Uil JJ, Mulder CJ et al. Intestinal permeability in patients
with coeliac disease and relatives of patients with coeliac disease. Gut 1993;
34:354-7.

Dunlop SP, Hebden J, Campbell E et al. Abnormal intestinal permeability
in subgroups of diarrhea-predominant irritable bowel syndromes.

Am ] Gastroenterol 2006;101:1288-94.

. Spiller RC, Jenkins D, Thornley JP et al. Increased rectal mucosal enteroen-

docrine cells, T lymphocytes, and increased gut permeability following
acute Campylobacter enteritis and in post-dysenteric irritable bowel
syndrome. Gut 2000;47:804-11.

Marshall JK, Thabane M, Garg AX et al. Intestinal permeability in patients
with irritable bowel syndrome after a waterborne outbreak of acute gastro-
enteritis in Walkerton, Ontario. Aliment Pharmacol Ther 2004;20:1317-22.
Carroccio A, Mansueto P, Iacono G et al. Non-celiac wheat sensitivity
diagnosed by double-blind placebo-controlled challenge: exploring a new
clinical entity. Am ] Gastroenterol 2012;107:1898-906.

. Biesiekierski JR, Newnham ED, Irving PM et al. Gluten causes gastroin-

testinal symptoms in subjects without celiac disease: a double-blind rand-
omized placebo-controlled trial. Am J Gastroenterol 2011;106:508-14.
Jones VA, McLaughlan P, Shorthouse M et al. Food intolerance: a major
factor in the pathogenesis of irritable bowel syndrome. Lancet 1982;2:
1115-7.

Niec AM, Frankum B, Talley NJ. Are adverse food reactions linked to
irritable bowel syndrome? Am J Gastroenterol 1998;93:2184-90.
Carroccio A, Brusca I, Mansueto P et al. A cytologic assay for diagnosis
of food hypersensitivity in patients with irritable bowel syndrome.

Clin Gastroenterol Hepatol 2010;8:254-60.

De Greef E, Hauser B, Devreker T et al. Diagnosis and management of
cow’s milk protein allergy in infants. World J Pediatr 2012;8:19-24.
Host A, Jacobsen HP, Halken S et al. The natural history of cow’s milk
protein allergy/intolerance. Eur J Clin Nutr 1995;49 (Suppl 1): S13-8.

VOLUME 108 | MAY 2013 www.amjgastro.com





