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Abstract

Purpose of Review Gluten is a commonly ingested polymeric protein found in wheat, barley,
and rye that has gained recent notoriety because of its relationship to disease and health.
Avoidance of gluten is appropriate in patients with a diagnosed gluten–related disorder
and may have treatment implications in other diseases of the digestive tract. This review
highlights current knowledge of gluten related disorders and the use of a gluten-free diet
in gastrointestinal disease management.
Recent Findings Gluten-free diets should be used in patients with a diagnosed gluten–related
disorder including celiac disease, non-celiac gluten sensitivity, and wheat-sensitive eosin-
ophilic esophagitis. Use of this diet in management of other digestive conditions including
gastroesophageal reflux disease, irritable bowel syndrome, and inflammatory bowel disease
is controversial and not currently supported by the literature.
Summary This review provides a framework for classifying gluten-related disorders in terms
of pathogenesis, understanding the literature that supports dietary avoidance inmodulation
of gastrointestinal disease, and identifies limitations of dietary restriction in patients.

Introduction

Gluten is a polymeric protein found in foods contain-
ing wheat, barley, and rye [1]. It has risen in notoriety
over the last decade due to proposed associations with
disease, health, and wellness. Although true gluten-
related disorders (GRD) are uncommon, increasing
percentages of the population are following a gluten-

free diet (GFD) [2]. This is despite lack of evidence
confirming proposed health benefits of dietary avoid-
ance in patients without a medical diagnosis. The fol-
lowing is a general overview of the indications for a
GFD including emerging use as a treatment for gastro-
intestinal diseases (Table 1).
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Gluten: Composition, Chemical Structure, and Immunogenicity

Gluten is a complex protein comprised of a monomeric component, called
prolamin, and polymeric component, called glutelin. Prolamins are re-
sponsible for the viscous properties of gluten whereas glutenin provides
elasticity. These unique attributes impart the characteristic consistency of
pasta and bread products and provide a challenge in texture recreation in
gluten free foods [3]. Prolamins comprise the major storage protein in
gluten and vary based on type of grain: wheat (gliadin), barley (hordein),
and rye (secalin) [4]. Oats also contain small amounts of prolamin in the
form of avenin but are not usually classified as a gluten protein [5]. The
most abundant form of gluten in the western diet is wheat, which is
composed of gliadin and a glutelin protein known as glutenin [6]. Glia-
dins are subdivided by inherent properties during electrophoresis, which
characterizes them by shape and size into α, γ, and ω subfractions.
Glutenin is categorized by molecular weight into low weight and high
weight subtypes of which multiple types can be contained in a single grain.
Prolamins as a whole contain long sequences of the amino acids proline
and glutamine, which are resistant to degradation by intestinal proteases.
This enhances the immunogenic properties of gluten proteins as they
remain largely intact when interacting with lymphoid-dense small bowel
mucosa [3]. This is the proposed mechanism of immune-mediated gluten–
related disorders like celiac disease, where antigenic presentation of gluten
leads to stimulation of the innate immune system and subsequent inflam-
matory cascades [7]. Patients who develop celiac disease have either a DQ2
or DQ8 haplotype, as these antigen-presenting cell surface molecules
govern T cell–mediated inflammation and are necessary for development
of disease (Fig. 1) [1]. These haplotypes may also be implicated in the
pathogenesis of non-celiac gluten sensitivity; however, the importance of
their presence is still unknown [8].

Table 1. Use of the gluten-free diet (gfd) for digestive disease management

Digestive disorder Disease pathogenesis secondary to gluten
exposure

Use of the GFD in management

Eosinophilic
esophagitis

Non-IgE mediated allergic response to
gluten subtype (wheat)

6 food elimination diet is one of the first line therapies
(includes wheat), limited data to support broader GFD

Gastroesophageal
reflux disease

No correlation, fiber may be protective
against disease by unknown mechanism

Not indicated

Celiac disease Autoimmune reaction in response to gluten
ingestion

GFD is first line therapy and represents the only
treatment option

Non-celiac gluten
sensitivity

Still unknown, possibly innate immune
system activation secondary to gluten
exposure

GFD thought to mitigate symptoms,
though may have overlap with FODMAP ingestion

Inflammatory
bowel disease

No correlation, though ingestion of specific
carbohydrates may worsen symptoms

Not indicated
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Gluten-Related Disorders

Gluten-related disorders represent a spectrum of medical diseases related to
gluten exposure. They are classified based on pathogenesis and divided into
three types: allergic responses, autoimmune diseases, and diseases of unknown
mechanism [9••].

Allergic Responses
Wheat, a subtype of gluten, is implicated in both IgE and non-IgE-mediated
allergic reactions. In IgE-mediated disease, ingestion or inhalation of wheat
leads to enhanced T helper type 2 (Th2) and B cell activity and development of
IgE antibodies. These cellular changes causemast cell destabilization, activation
of basophils, and release of histamine, leukotrienes, and platelet activation
factors [10]. Patients subsequently develop classic allergic symptoms including
urticaria, generalized pruritus, nausea, emesis, and/or respiratory difficulties [8].
Prevention of symptoms relies on strict avoidance of wheat. Treatment options
after exposure include antihistamines, corticosteroids, and epinephrine injec-
tions.Wheat allergy affects approximately 3–5%of children, but less than 1%of
adults.

Wheat-induced allergic disease can also be non-IgE-mediated and mecha-
nistically is less clearly understood. Proposed pathogenesis includes enhanced
activation of Th2 cells without the involvement of IgE and manifests as eosin-
ophilic infiltration of gastrointestinal mucosa, most commonly in the esopha-
gus. Eosinophil-predominant inflammation leads to swallowing dysfunction,
abdominal pain, and nausea with emesis after wheat exposure [10]. Manage-
ment of non-IgE mediated wheat allergy also responds to avoidance of culprit
foods, though may require additive therapies including swallowed steroids.
Prevalence in the general population is increasing and is now estimated to
affect about 50/100,000 patients [11].

Fig. 1. Pathogenesis of celiac disease. Genetically predisposed individuals (those who possess specific HLA haplotypes) develop T
lymphocyte mediated inflammation in the setting of gluten exposure
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Autoimmune Disorders
The most common autoimmune disorder associated with gluten exposure is
celiac disease. This is defined as an immune-mediated disorder of the small
bowel that occurs after gluten exposure. Proposed mechanisms of disease
include miscategorization of gluten molecules as pathogens with release of
inflammatory cytokine cascades after exposure [12]. Although all individuals
exposed to gluten may have changes in intestinal permeability after ingestion,
molecular mimicry inducing antibody response only occurs in patients with
certain genetic predisposition (i.e., those with HLA DQ2 and DQ8 haplotypes)
[13]. Notably, not all patients with these genetic markers develop the disease
indicating additional epigenetic factors contribute to pathogenesis. With expo-
sure in genetically primed individuals, inflammation in the small bowel leads
to cellular changes, malabsorption of nutrients with weight loss, and gastroin-
testinal distress including bloating, pain, and diarrhea. Additionally, patients
may develop a characteristic vesicular rash known as dermatitis herpetiformis
[14]. The disease is estimated to affect up to 1% of the population and may be
underdiagnosed [15].

Gluten ataxia is the other form of autoimmune disease associated with
gluten ingestion. This is defined as the development of neurological dys-
function including abnormal gait patterns in the setting of exposure to
gluten. Pathogenesis is related to auto-antibody development to cerebellar
Purkinje cells, which are molecularly similar to gluten protein molecules
[16]. Symptoms respond to a strict gluten free diet. The condition is
thought to be more common than previously thought, accounting for up
to 40% of cases of idiopathic ataxia [17]. Although the condition may
present concomitantly with gluten-associated enteropathies, the conditions
are distinct entities [16].

Mechanism Unknown
Growing literature supports a link between gluten exposure and develop-
ment of gastrointestinal symptoms in the absence of classic serological
testing or distortion of villous architecture. Initially known as “gluten-
sensitive diarrhea”, this condition has now been classified as non-celiac
gluten sensitivity (NCGS) [18]. A significant overlap exists between pa-
tients with self-reported NCGS and those who meet criteria for irritable
bowel syndrome [19]. This may be most prevalent in those who carry the
genes associated with celiac disease but do not display classic manifesta-
tions of the condition [20]. Proposed mechanisms of disease include
alterations in intestinal permeability and activation of the innate immune
system, though definitive markers have not been established. The preva-
lence of the condition is unknown due its diagnostic uncertainty [21].

Use of the Gluten-Free Diet in Digestive Disease Management

Considering the unique chemical structure and enhanced immunogenic prop-
erties of gluten, its use as a therapy for digestive diseases is becoming increas-
ingly common. The benefit of such restriction varies among disease state and is
most supported by the literature in known GRDs.
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Celiac Disease
The only effective treatment for celiac disease is a strict GFD, as there are no
approved medications [15]. The GFD resolves characteristic small bowel in-
flammation in nearly all patients and is associated with reduction in complica-
tions of disease including malignancy, micronutrient deficiencies, and alter-
ations in bone mineral density and lean muscle mass [22]. Patients with celiac
disease are instructed to avoid any food with wheat, barley, and rye and need to
be aware of cross-contamination and hidden sources of environmental gluten
including cosmetics [23]. After gluten withdrawal, serological markers of dis-
ease normalize within a fewmonths and can bemonitored over time [24]. Only
a small percentage of patients (1–2%) do not fully respond to the GFD and are
known as having “refractory” disease. This is defined by lack of serological and
pathological resolution after a strict GFD for at least 6 months. These patients
can develop more severe complications of disease including ulcerative jejunitis
and enteropathy-associated T cell lymphoma [12]. Treatment options include
high dose topical steroids in addition to gluten restriction [25].

Non-Celiac Gluten Sensitivity/Functional Bowel Disorders
Gluten restriction as treatment for functional bowel disorders is common,
though the efficacy of this approach is still unclear. The subset of patients
who note gastrointestinal complaints with gluten exposure in the absence of
serological or biopsy abnormalities (i.e., NCGS) are a heterogeneous group and
identification is difficult. There is no test for NCGS, although recent studies
indicate these patients are more likely to have positive nonspecific celiac
markers like deamidated gliadin antibodies [26]. Additional considerations
include the overlap between foods containing gluten and fermentable oligo-
saccharides, disaccharides, monosaccharides, and polyols (FOMAPs), which
have also been implicated in functional disease. This was exemplified by a
study of thirty-seven patients with reported NCGS, of which only 8%
complained of gluten-specific symptoms with control of FODMAP intake
[27••].

Eosinophilic Esophagitis
Treatment options in eosinophilic esophagitis (EoE) include pharmacotherapy
(acid suppressive agents and swallowed steroids) and dietary manipulation
(elemental and elimination diets). The latter remains popular to avoid medi-
cations and is considered a first line therapy in both adult and pediatric
populations [28]. Dietary therapy options include elemental diets, empiric
elimination diets, and targeted elimination diets. Of these options, elemental
diets are the most effective, although empiric elimination diets are an accept-
able alternative and usually better tolerated [29]. This approach includes elim-
inating the six most common food allergens including soy, dairy, eggs, nuts,
fish/shellfish, and wheat with sequential reintroduction [30]. Newer research
indicates four food elimination diets (soy, dairy, eggs, and wheat) may also
induce remission in up to half of patients [31]. In terms of wheat’s association
with EoE, recent studies report a substantial number of patients (26–60%) can
achieve mucosal response with wheat avoidance alone [32, 33]. Gluten’s role in
disease pathogenesis is less clear. Wheat may cross-contaminate other closely
related grains like barley and rye during processing which could induce
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response in primed individuals [34]. This is further supported by the high
presence of hypersensitivity to other related gluten-containing grains in patients
with wheat allergies [35]. However, gluten’s role in pathogenesis of EoE specif-
ically has not been defined and future research is needed to guide therapy.

Gastroesophageal Reflux Disease
Gastroesophageal reflux disease (GERD) is characterized by troublesome symp-
toms that develop in response to increased esophageal exposure to gastric acid
[36]. It is usually treated with acid suppressive medications; however, lifestyle
factors including diet are becoming increasingly commonmeans of controlling
symptoms [37]. The relationship between gluten ingestion and GERD is not
well defined; however, studies examining the effect of generalized diet on
pathophysiology of disease continue to emerge. For instance, growing evidence
supports alterations in carbohydrate ingestion as a means of treating GERD
symptoms. Carbohydrates can take several forms including simple sugars
(which are composed of only one or two glucose molecules) and complex
carbohydrates (which are composed of many). Complex carbohydrates can be
either starches or fiber, depending on chemical bonds. Starch can be broken
downby the body, while fiber cannot [38]. Alterations in complex carbohydrate
ingestionmay be associated with increased GERD, favoring reduction in dietary
starch and increased fiber intake. In terms ofmechanism, starch has been linked
to reductions in lower esophageal sphincter pressures via colonic fermentation
[39] whereas the protective effects of fiber are unknown, though frequently
reported [40, 41]. Most starch in the western diet comes from refined grains,
which are usually gluten-based. However whole grain products (which are also
gluten-based) have high fiber content, so it could be inferred grain processing
would be more important to disease pathogenesis than inherent properties of
gluten. The effect of gluten on GERD symptoms has been studied in a small
group of patients with celiac disease with noted reduction in symptoms after
acid suppression withdrawal when compared with controls not on a GFD [42].
However, this dietary approach is not commonly employed in those without a
GRD and would be of unclear benefit considering current understanding of
GERD and diet.

Inflammatory Bowel Disease
Inflammatory bowel disease (IBD) is characterized by chronic relapsing inflam-
mation in the digestive tract. Numerous factors are thought to play a role in
pathogenesis, one of which may be diet [43]. On meta-analysis, diets implicat-
ed in disease include those high in fat, simple carbohydrates (mono- and
disaccharides), and meat intake. Negative associations have been identified
with fruit, vegetable, and overall fiber intake [44]. A recent Cochrane Review
confirmed these findings, noting enhanced remission rates with low refined
carbohydrate diets; however, studies included were small and poorly designed
limiting conclusive recommendations [45]. Analysis of gluten’s effect on devel-
opment of disease has not been studied. Several studies have investigated the
relationship between the GFD and IBD in terms of symptoms. For instance, a
large survey of patients diagnosed with IBD noted 19% had tried a GFD in the
past with two-thirds of these patients noting GI symptom improvement with
dietary restriction [46]. Another smaller survey–based study noted the
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prevalence of self-reported gluten sensitivity was high (23% in Crohn’s, 27% in
ulcerative colitis) and associated with presence of recent flare indicating a
bidirectional relationship [47]. Again, study design and size limit generalizabil-
ity and research is warranted to understand this relationship. Additionally,
overlap between gluten and FODMAP ingestion may be difficult to ascertain
in this type of study design and needs to be considered.

Limitations of the Gluten-Free Diet

The GFD is appropriate for patients with diagnosed GRDs and may benefit
patients with other digestive diseases as outlined. However, limitations to the
diet need to be considered, and patients should be counseled on these factors
prior to gluten restriction.

Cost, Accessibility, and Palatability
Although the increased popularity of the GFD has also led to an increase
of available gluten free products, limitations exist in terms of cost, acces-
sibility, and palatability. Gluten-free products have been found to be more
expensive than their gluten-containing counterparts [48]. Additionally,
availability of these foods may be limited in certain areas [49]. If products
are affordable and accessible, alterations in taste may reduce dietary com-
pliance as recreation of the texture, and consistency of gluten remains
challenging [3].

Nutritional Deficiencies
Because the GFD is restrictive, certain nutritional intakes may be altered.
For instance, total carbohydrate intake has been found to be lower in
patients on a GFD with an increase in sugar in favor of fiber. Additionally,
overall fat intake in the GFD is elevated as gluten-free products may
contain higher levels of fat and dietary staples like wheat are restricted
[50, 51]. Micronutrient intake is also of concern, with reduction in overall
intake of calcium, iron, and B vitamins including thiamine, riboflavin,
niacin, and folate reported in patients on GFDs [52, 53]. Introduction of
alternative grains and consultation with a dietician may mediate these
effects and should be considered [54].

Conclusion

Gluten is a commonly ingested protein found in wheat, barley, and rye. Its
unique chemical composition is associated with increased immunogenic-
ity. Its ingestion is implicated in several disorders collectively known as
GRDs, most of which are associated with digestive diseases. Gastroenter-
ologists should understand the indications and limitations of the diet as
well as how to use it in clinical practice. Currently, the GFD is recom-
mended for management of celiac disease and non-celiac gluten sensitivity
whereas wheat avoidance can be used to manage wheat sensitive EoE. The
GFD is currently not recommended for patients with GERD or IBD due to
lack of data supporting its efficacy.
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