Non-coeliac gluten or wheat sensitivity:
emerging disease or misdiagnosis?
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85—90% is gluten, in turn made up of glutenins and glia-

dins." Gluten gives wheat flour the culinary properties of a
binding and extending agent which are valued in cooking.” As a
result, wheat is one of the most important worldwide crops.’
Storage proteins similar to gliadins have been found in rye (seca-
lins) and barley (hordeins), while the avenins of oats are more
distantly related."” Coeliac disease is an immune-mediated sys-
temic condition, manifest by small intestinal enteropathy triggered
by exposure to dietary gluten in genetically predisposed in-
dividuals, almost all of whom have the human leucocyte antigen
(HLA) haplotype DQ2 or DQ8."” Coeliac disease is associated with
diarrhoea, malabsorption, increased rates of autoimmune disease
and gastrointestinal malignancies; however, most of these effects
are ameliorated by treatment with a lifelong gluten-free diet.*

Q kernel of wheat contains 8—15% of protein, of which

Coeliac disease, once considered rare, is now estimated to affect
up to one in 100 Australians.” However, many Australians are
believed to monitor and limit their intake of gluten despite having
no formal diagnosis of coeliac disease.” Motivations to adopt a
gluten-free diet include adverse symptoms attributed to ingestion,
perceived benefits for weight control or general health, relatives on
a gluten-free diet, or a preference for gluten-free products based on
taste.” Consequently, there has been rapid growth in the global
gluten-free market, which has a current estimated United States
market value of over $6 billion.”

An Australia-wide cross-sectional survey found that 7.3% of the
population (with suspected and confirmed coeliac disease
excluded) report adverse effects associated with gluten ingestion,
including gastrointestinal symptoms such as bloating or abdom-
inal discomfort, or extra-intestinal effects such as headache or
tiredness.’ This is in line with similar studies from the US, Chile,
United Kingdom and Europe that demonstrated a population
prevalence of self-reported wheat or gluten sensitivity of between
4% and 13%.”'* This suggests that a gluten-sensitive condition,
separate to coeliac disease and wheat allergy, may be responsible
for their symptoms. This condition has attracted increasing inter-
national attention and has been labelled non-coeliac gluten sensi-
tivity.'”” In this review, we present an overview of the
epidemiology, diagnosis, pathogenesis and management of this
disorder, based on a synthesis of relevant evidence from PubMed-
listed articles until March 2017, including original research,
consensus guidelines and opinion papers.

Gluten or wheat?

Gluten may not be wholly responsible for the condition, and non-
coeliac gluten or wheat sensitivity (NCG/WS) could be a more ac-
curate term. Wheat contains compounds other than gluten that may
have adverse effects on the intestinal mucosa and contribute to
gastrointestinal symptoms, and adoption of a gluten-free diet is
likely to decrease the ingestion of these compounds. These include
fermentable oligo-, di-, and monosaccharides and polyols

e Non-coeliac gluten or wheat sensitivity (NCG/WS) is a
condition characterised by adverse gastrointestinal and/or
extra-intestinal symptoms associated with the ingestion of
gluten- or wheat-containing foods, in the absence of coeliac
disease or wheat allergy.

e Up toonein 100 people in Australia may have coeliac disease
but many more report adverse gastrointestinal and/or extra-
intestinal symptoms after eating wheat products.

¢ In the absence of validated biomarkers, a diagnosis of NCG/
WS can only be made by a double-blind, placebo-controlled,
dietary crossover challenge with gluten, which is difficult to
apply in clinical practice.

o Of people self-reporting gluten or wheat sensitivity, only a
small proportion (16%) will have reproducible symptoms after
a blinded gluten challenge of gluten versus placebo in a
crossover dietary trial and fulfil the current consensus criteria
for a diagnosis of NCG/WS.

e A wide range of symptoms are associated with NCG/
WS, including gastrointestinal, neurological, psychiatric,
rheumatological and dermatological complaints.

e The pathogenesis of NCG/WS is not well understood, but the
innate immune system has been implicated, and there is
overlap with coeliac disease and the functional gastrointestinal
disorders (irritable bowel syndrome and functional dyspepsia).

o Identification of NCG/WS is important as gluten-free diets
carry risks, are socially restricting and are costlier than regular
diets.

&

(FODMAPs), which are associated with precipitation of symptoms
in the irritable bowel syndrome (IBS).'® A number of dietary trials
have established low FODMAP diets as an effective treatment for
patients with IBS.'® The mechanism is believed to relate to poor
absorption of FODMAPs, which causes an increase in small
bowel water content, colonic gas production and intestinal motility,
leading to gastrointestinal symptoms.'” A low FODMAP diet has
also been shown to attenuate symptoms of NCG/WS in patients
with suspected gluten sensitivity."® Other potentially pathogenic
compounds in wheat include amylase trypsin inhibitors, which
have been shown to induce inflammation in duodenal biopsies of
patients with coeliac disease in vitro,'” and wheat germ agglutinin,
which has been shown to induce inflammation in epithelial cells
in vitro.”” These may represent alternative pathways by which
wheat-based foods cause gastrointestinal symptoms.

Diagnosis and epidemiology

Diagnosis of NCG/WS is currently based on the Salerno experts’
criteria, and can only be made after exclusion of coeliac disease and
wheat allergy (by negative serology and duodenal biopsy, and
serum or skin prick IgE-specific tests, respectively) followed by a
labour-intensive double-blind crossover dietary challenge (Box 1).”!
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1 Double-blind, randomised, placebo-controlled, dietary gluten
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challenge for diagnosis of non-coeliac gluten sensitivity (NCGS)

Clinical features

In people confidently diagnosed with NCG/WS, wide-
ranging symptoms have been reported. These include
gastrointestinal complaints such as bloating, abdominal
or epigastric pain, diarrhoea and nausea.” In this re-
gard, there is thus a strong overlap between NCG/WS
and functional gastrointestinal disorders such as IBS
and functional dyspepsia.”® Extra-intestinal symptoms
have also been reported, including a lack of wellbeing,
tiredness and headache and, less commonly, anxiety,
“foggy mind”, joint pains, rash, depression and
rhinitis.”” Symptom onset is usually hours to days after

v

NCGS
excluded

NCGS
confirmed
or excluded

gluten or wheat ingestion.”””’ Studies have reported
that only 50—55% of patients with NCG/WS had pre-

of the study, daily during the gluten and placebo challenge). ¢

Adapted from Catassi et al.”' A, B = gluten or placebo. e = evaluation (weekly during the first part

viously associated their symptoms with wheat or gluten
ingestion and had presented with functional gastroin-
testinal symptoms.™*’

Those who report an improvement in symptoms on a gluten-free
diet are given a blinded challenge of gluten (ideally free of FOD-
MAPs and in a dose of at least 8 g/day) and placebo foodstuff each
over a period of one week, followed by a one-week washout.”! Only
those whose symptoms recur with gluten challenge but not with
placebo are labelled as having NCG /WS (Box 2). A recent system-
atic review of randomised trials that made a diagnosis of NCG/WS
by this method (a total of 231 adults) showed that only 16% of pa-
tients who report improvement of their symptoms with a gluten-
free diet will actually have reproducible gluten-specific symptoms
when strict diagnostic criteria are applied.”

Notably, there is also a strong nocebo response with the placebo
challenge trial, making interpretation of the current diagnostic
method difficult (40% of subjects reported similar or more symp-
toms on ingestion of placebo compared with gluten in double-
blind randomised controlled trials in the previously mentioned
systematic review).”” This suggests that multiple challenges with
each of gluten and placebo may be required to confidently di-
agnose subjects with NCG/WS.”** Nevertheless, regarding the
prevalence of this condition, it is likely that only a small proportion
of Australians who associate adverse symptoms with gluten
ingestion are truly sensitive to gluten or wheat. Little is known
about the incidence of this disorder.

2 Salerno experts’ criteria for diagnosis of non-coeliac gluten
sensitivity?'

All the following conditions need to be met to fulfil the criteria for

diagnosis:

e Persistent intestinal and/or extra-intestinal complaints* on a
gluten-containing diet

e Exclusion of coeliac disease and wheat allergy

e Improvement of the attributed symptoms on a 6-week strict
gluten-free diet

e Recurrence of symptoms with gluten® but not placebo in a
double-blind, dietary crossover challenge (defined as > 30%
variation in symptoms between the gluten and placebo
challenge on a numerical rating scale)

*Includes abdominal pain, heartburn, acid regurgitation, bloating, nausea and
vomiting, borborygmus, abdominal distension, eructation, increased flatus,
increased or decreased passage of stools, loose or hard stools, urgent need for
defecation, feeling of incomplete evacuation, extra-intestinal symptoms, dermatitis,
headache, foggy mind, numbness of the limbs, joint/muscle pains, fainting and oral/
tongue lesions. t At least 8 g gluten/day, ideally free of fermentable oligo-, di-, and
monosaccharides and polyols and indistinguishable from the gluten-free

placebo. ¢

NCG/WS predominantly affects females (the
female:male ratio is > 5:1) in their late 30s and 40s.?’ The disorder
also been associated with low bone mineral density,28 anaemia
and weight loss,” which suggests that in some patients, malab-
sorption may be present. Patients are also more likely to have a
family history of coeliac disease, a history of food allergy in
infancy, coexistent atopic disease,”” an increased prevalence of
autoimmune disease such as Hashimoto’s thyroiditis and high
levels of circulating antinuclear antibodies,?’ suggesting overlap
with other autoimmune and allergic diseases. Recent epidemio-
logical research has similarly identified an increased risk of
autoimmune and rheumatological disease in functional gastro-
intestinal disorders, further supporting the concept of overlap
with NCG/WS.™

Pathogenesis

The pathogenesis of NCG/WS is not well understood; however,
early studies suggest that the innate immune system is involved
(compared with the adaptive Th1 response seen in coeliac disease),
with increased intestinal permeability,”’ epithelial cell damage,”
increased expression of Toll-like recep’cors,33 and interferon-y
expression”* (Box 3). Toll-like receptors on epithelial cells are
important in the innate immune response to microbial pathogens,
and it is possible that an altered intestinal microbiome is involved
in NCG/WS, although experimental evidence is lacking.”
Duodenal and colonic eosinophilia has also been observed in pa-
tients with NCG/WS presenting with IBS-type symp’coms.27
Notably, duodenal eosinophilia has also been observed in a ma-
jor subset of patients with the post-prandial distress syndrome
subtype of functional dyspepsia presenting with early satiety or
post-prandial fullness.’® It is conceivable that one of the underlying
explanations for this finding in functional dyspepsia is food intol-
erance and wheat may play a role.”® A limited role of the adaptive
immune system has also been proposed, with increased interferon-
v-producing type 1 innate lymphoid cells demonstrated in the
rectal mucosa of NCG /WS patients in response to wheat challenge
when compared with IBS controls.”” Despite these early reports,
there are still no clearly accepted pathological hallmarks of NCG/
WS, nor are there any serological tests or associated enzyme de-
ficiencies, making diagnosis of this syndrome difficult and reliant
on a cumbersome dietary trial.”'

Unlike in coeliac disease, there is no clear genetic predisposition
inNCG/WS. The HLA DQ2 or DQ8 haplotypes, present in almost
all patients with coeliac disease, do not seem to be strongly



associated with NCG /WS, with a prevalence similar to
that seen in the general population (about
40—50%)."*”*® While endomysial and tissue trans-
glutaminase (tTG) antibodies are not associated with
NCG/WS (highly sensitive and specific tests, which
when positive suggest a diagnosis of coeliac disease),
anti-gliadin antibodies are found in about 50—60% of
patients diagnosed with NCG/WS, prompting some
authors to suggest it could be used as a diagnostic
marker.*?"?”°° However, these antibodies are neither
sensitive nor specific, and are found in low titres in the
healthy population, as well as in patients with other
disorders including coeliac disease, cow’s milk intol-
erance and inflammatory bowel disease, and may
represent markers of impaired barrier function rather

3 Duodenal biopsies and non-coeliac gluten/wheat sensitivity

than a harmful food antigen.24’4° Lymphocytic duo-
denosis is commonly seen in coeliac disease and in up
to 90% of patients with non-coeliac gluten sensi-
tivity,””*'** although this is a non-specific finding seen

A (original magnification, x 10; haematoxylin—eosin stain) and B (original magnification, x 20;
haematoxylin—eosin stain): Lymphocytic duodenosis (up to 65 intra-epithelial lymphocytes/100
enterocytes) and increased eosinophils in the lamina propria in a duodenal biopsy from a patient
with non-coeliac gluten/wheat sensitivity. Intraepithelial duodenosis (> 25 lymphocytes per 100
enterocytes) is seen in both coeliac disease and non-coeliac gluten sensitivity, but not in functional
dyspepsia.“"“? Duodenal mucosal eosinophilia is seen in both non-coeliac gluten sensitivity and

inup to 5% of all duodenal biopsies with normal villous functional dyspepsia 2’
architecture, and can also be caused by infections such
as Helicobacter pylori, drugs such as non-steroidal %}E; with gluten before biopsy),"” or are IgA deficient (although testing

inflammatories, and autoimmune disease (Box 3).

Given the known overlap between coeliac disease and NCG /WS, it
is likely that a proportion of patients fulfilling current criteria for
NCG/WS have coeliac disease but that the diagnosis has not been
confirmed. There are several potential explanations. First-line
coeliac disease serology with anti-tTG can be negative if subjects
are already on a gluten-free diet (or are inadequately challenged

4 Potential mechanisms for the pathogenesis of non-coeliac gluten or

wheat sensitivity

Gluten protein Other wheat FODMAP

proteins: ATls, wheat carbohydrates

germ agglutinin \

Innate immune response Poor absorption
Increased small bowel |
permeability, IFN-y, duodenal ‘
eosinophilia, lymphocytic

Mucosal Thi
type response
Rectal innate lymphoid cells,

“Coeliac lite”
Mucosal deposits of
anti-tTG, lymphocytic

duodenosis with3 T cells anti gliadin antibodies duodenosis ‘
Increase in small bowel
water volume, colonic
gas production and
v intestinal motility

Intestinal inflammation

v
Systemic inflammation

Gut-brain f .
(eg, high circulating ANA) interaction ‘—‘ Gastrointestinal symptoms

I

| Extra-intestinal symptoms |

ANA = antinuclear antibody. ATl = amylase trypsin inhibitor. FODMAP = fermentable oligo-, di-,
and monosaccharides and polyols. IFN = interferon. tTG = tissue transglutaminase. Ingestion of
wheat exposes the intestinal mucosa to wheat proteins (gluten, ATls, wheat germ agglutinin and
other proteins) and carbohydrates (including FODMAPSs). This leads to small bowel inflammation
through innate and adaptive immune responses and subsequent gastrointestinal symptoms. Poor
absorption of FODMAPSs leads to increases in small bowel water content, colonic gas production
and intestinal motility, again generating gastrointestinal symptoms."” Subsequent systemic
inflammation and possible interaction between the gastrointestinal and central nervous systems
leads to generation of extra-intestinal symptoms. ¢

for IgA levels and IgG anti-tTG is now common practice). The
enteropathy in coeliac disease is patchy, and insufficient biopsy
sampling may miss disease.***” Also, mild enteropathy (duodenal
lymphocytosis) may be interpreted as a non-specific finding in the
context of negative serology, but may represent coeliac disease
(Box 3).**” This has led to the proposal of an incompletely
developed form of coeliac disease referred to as “coeliac-lite”

syndrome by some authors.”**' Rosinach and col-
leagues™® studied a group of patients with negative
coeliac disease serology (IgA anti-tTG and anti-
endomysial antibodies) but positive HLA DQ2 or DQ8
status, lymphocytic duodenosis on duodenal biopsy,
and gastrointestinal symptoms, with clinical and histo-
logical remission on a gluten-free diet at inclusion. The
patients underwent a blinded, placebo-controlled
gluten challenge: 91% (95% CI, 62—98%) of patients in
the gluten arm had symptom relapse versus
28.5% (95% CI, 8—64%) in the placebo arm (P < 0.01),
supporting a diagnosis of NCG/WS as the definition
stands. However, the authors showed that 50% of these
subjects demonstrated mucosal anti-tTG deposits and a
high yd intra-epithelial cell count, highly sensitive
markers for the diagnosis of coeliac disease.”’ This
suggests that a subset of patients meeting criteria for
NCG/WS have subclinical coeliac disease.”’ In much of
the literature regarding NCG/WS, these tests have not
been done to fully exclude subclinical coeliac disease,
making interpretation of the field difficult."' The po-
tential pathogenic mechanisms are outlined in Box 4.

Treatment

As with coeliac disease, NCG/WS is treated with a
gluten-free diet.”! However, unlike in coeliac disease
where inadvertent or small amounts of gluten can lead
to enteropathy and malabsorption, there is no evidence
for benefit in NCG/WS beyond symptom relief, and
strict complete exclusion may not be necessary.'” Iden-
tification of individuals who are truly sensitive to gluten
or wheat is important given that committing a patient to
a gluten-free diet has several drawbacks. A recent
Australian study suggested that a gluten-free diet was
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5.8—16.7% more expensive than a regular diet.”' The diet also has
potentially adverse effects on health. Gluten-free products are not
necessarily equivalent to their gluten-containing counterparts
regarding their macronutrient and micronutrient content. Several
studies have demonstrated that gluten-free diets may not provide
adequate amounts of trace elements and vitamins such as calcium,
vitamin D, folate, thiamine, riboflavin and niacin.’*®* This trans-
lates to clinical studies which have demonstrated high rates of
micronutrient deficiencies, such as folate and vitamin B in patients
treated with a gluten-free diet.””* The diet also differs in regards to
protein”® and fat™*”° content, although accounts vary in regards to
the specific breakdown. A gluten-free diet may adversely affect
cardiovascular risk factors such as total cholesterol levels,®” weight
gain leading to obesity,”” glucose tolerance’” and blood pressure™
and may lead to development of the metabolic syndrome.” A
potential explanation for this is the higher glycaemic load of
gluten-free foods.”*”” Again, accounts vary, with other studies
demonstrating a potentially beneficial effect of a gluten-free diet on
cardiovascular risk factors, for instance by increasing serum
high-density lipoprotein levels.”*” A gluten-free diet may lead to
exposure to toxins, with recent reports of high levels of arsenic
being found in the urine of patients who self-reported adherence
to a gluten-free diet.”’ This may be due to the high arsenic
content of rice and rice flour, often a substitute for wheat in
gluten-free products.®” Many of these observations are limited to
studies in patients with coeliac disease who are on a gluten-free
diet, and there is less in the literature regarding the health effects
of a gluten-free diet in patients with NCG/WS. A gluten-free
diet has also been shown to influence the intestinal microbiome,
with a reduction in Veillonellaceae, a pro-inflammatory bacterial
genus, after treatment with a gluten-free diet.”” Other changes
described include decreases in the normal Bifidobacterium and

Lactobacillus species, as well as an increase in Enterobacteriaceae
species.64

Current research and future directions

NCG/WS is a controversial disorder which potentially affects a
significant proportion of the population, and may manifest as a
wide range of gastrointestinal or extra-intestinal symptoms.
However, there are likely to be many in the community who
incorrectly attribute adverse physiological symptoms to wheat
ingestion, and unnecessarily subject themselves to a gluten-free
diet. Some concerns regarding the effect of a gluten-free diet sug-
gest that it may not be as benign a treatment as once thought.
Problems with the only current method of diagnosis for NCG /WS,
the double-blind crossover trial, as well as inadequate exclusion of
coeliac disease in some studies, cloud the interpretation of the
literature. Further work is needed to define the place of NCG/WS
in the context of other wheat-sensitive and functional gastrointes-
tinal diseases, and to identify the patients most likely to benefit
from a gluten-free diet. Following recommended guidelines for the
diagnosis of coeliac disease will help confirm this diagnosis by
enabling a clear differentiation between coeliac disease and NCG/
WS.* As a diagnostic method, the dietary trial is unlikely to be
practicable in a clinical setting, and further insights into the path-
ogenesis of the disease, including the role of the microbiome, may
lead to the uncovering of a biomarker that will facilitate diagnosis
and negate the need for the problematic dietary crossover trial.
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