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Preface

Celiac disease (CD) is an immune-based systemic disorder caused by the ingestion of 
gluten and other related proteins that affects genetically susceptible individuals. It is 
characterized by the presence of a variety of clinical manifestations dependent on gluten 
ingestion, specific circulating autoantibodies, human leukocyte antigen (HLA), DQ2 
(DQ2.5 and/or DQ2.2) and/or haplotypes, and enteropathy.

CD has experienced a notable increase in its prevalence in the last three to four decades, 
being one of the most frequent genetically transmitted diseases in countries with a 
predominantly Caucasian population (prevalence 1:100 to 1:250).

Despite the advances in its knowledge and the development and improvement of serological 
tests, CD continues to be an underdiagnosed entity. This is largely due to the systemic nature 
of the disease with the involvement of multiple organs and systems. The “classic” pattern of 
CD is not the most common, especially in adults, where non-specific gastrointestinal symp-
toms or extra-digestive manifestations of various kinds may be the predominant symptoms.

Some of these patients exhibit low antibody (Ab) titers and low-grade histological 
lesions. In this context, it should not be surprising that patients take months or years to 
be diagnosed, or remain undiagnosed for life, partly due to a lack of awareness of the 
heterogeneity in their patterns of presentation.

The delay or absence of diagnosis can have important consequences for the health and quality 
of life of those affected. In turn, the recognition of cases, especially in adults, with low-grade 
histological lesions and negative serology carries the risk of “overdiagnosing” patients whose 
lesions are actually due to another cause. Therefore, underdiagnosis and overdiagnosis entail 
the need for an in-depth review of the clinical, serological, genetic, and anatomopathological 
criteria that make it possible to establish a reliable and trustworthy diagnosis of CD.

A strict gluten-free diet (GFD) leads to the disappearance of symptoms, normalization of 
serological tests, and resolution of histological lesions in the majority of patients. In addi-
tion, indefinite GFD prevents complications and reduces long-term morbidity/mortality.

I want to thank all the participating authors for their excellent and clear contributions. I 
also want to express my sincere and deep gratitude to the staff at IntechOpen, especially 
Ms. Ana Cink for her excellent assistance throughout the publication process.

Luis Rodrigo, MD
Professor of Medicine,

Internal Medicine Department,
Oviedo University,

Oviedo, Asturias, Spain
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Chapter 1

Introductory Chapter: Celiac 
Disease – An Overview
Luis Rodrigo

1. Introduction 

Celiac disease (CD) is a multisystemic autoimmune-based process, caused by the 
ingestion of foods containing gluten and related prolamins, which affects genetically 
susceptible individuals, and is characterized by the presence of a variable combina-
tion of various gluten-dependent clinical manifestations, CD-specific antibodies, 
presence of compatible genetic markers of susceptibility (HLA, DQ2, or DQ8 hap-
lotypes), and enteropathy. The most frequent pathological finding is the presence 
of chronic inflammation at the small intestine. The estimated average prevalence is 
around 1%, worldwide, being more frequent in women, with a 2:1 ratio. This defini-
tion was updated by the ESPGHAN, European Society for Pediatric Gastroenterology, 
Hepatology and Nutrition in 2012 [1].

Around 50% of all celiac patients remain undiagnosed for a long time. However, 
the recognition of other atypical forms of presentation, such as oligo and asymptom-
atic, combined with greater and better use of the complementary tests available, has 
made it possible to reveal the existence of different types of CD.

2. Clinical presentations

a. Symptomatic: The symptoms are very diverse, but all patients have serology, his-
tology, and genetic tests compatible with CD.

b. Subclinical: Patients do not show symptoms or signs, although the rest of the 
diagnostic tests are positive.

c. Latent: These are patients who, at a certain time, while consuming gluten, do not 
present symptoms and the intestinal mucosa is completely normal.

d. Refractory. This is a very rare form consisting of a lack of response to the gluten-
free diet and can be associated with intestinal complications [2].

3. Etiological theories

The cause/s of celiac intolerance are generally unknown, but they are probably 
related to the presence of one favorable genetic susceptibility to the development of 
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gluten intolerance. Thus, various environmental agents have been implicated, such as 
an increased and continued consumption of foods rich in gluten, as well as probably 
the presence of triggering viral, bacterial, or parasitic infections.

There is a great overlapping between CD and other autoimmune diseases.

4. Symptomatology

The clinical symptoms are diverse, the most frequent being those of a digestive 
type such as abdominal distension, nausea, vomiting, diarrhea, abdominal pain, and 
meteorism, generally accompanied by a decrease in appetite, as well as muscle mass 
loss, weight, increased tiredness, growth retardation, character changes (irritability, 
apathy, introversion, sadness, etc.), iron deficiency anemia resistant to treatment, etc. 
However, in both children and adults, the symptoms may be atypical, or completely 
absent, making diagnosis difficult [3].

It is estimated that a very high percentage of patients (>75%) are undiagnosed, 
largely due to the ignorance of primary care physicians, who are the first filter 
through which celiac people pass. The lack of knowledge about the heterogeneity of 
the possible symptoms associated with celiac disease in the medical community can 
cause a significant delay of several years or even a lack of diagnosis. However, the rec-
ognition of other atypical and asymptomatic forms of manifestation, combined with 
the greater and better use of the complementary tests available, has made it possible 
to reveal the existence of different types of celiac disease.

5. Diagnostic procedures

Diagnosis of celiac disease can be difficult because the symptoms caused by this 
disease can also appear in many other diseases. Patients with celiac disease usually 
have elevated serum levels of antibodies against gluten (i.e., anti-gliadin antibodies, 
anti-transglutaminase, anti-endomysium, and also anti-gliadin deamidated peptide 
antibodies). If the levels of these antibodies in the blood are elevated then it helps to 
get a positive diagnosis. The best way to confirm the disease is to perform a duodenos-
copy taking several biopsies of the intestinal mucosa to evaluate the degree of inflam-
matory lesions and the presence or absence of associated villous atrophy. Doubtful 
cases is useful to perform a flow cytometric study of the duodenal biopsies, in order to 
classify the lymphocytes subpopulations presented [4].

6. Duodenal biopsies

The confirmation of the diagnosis today is based on the concurrence of clinical 
suspicion, positive serology, presence of a compatible genetic susceptibility, and find-
ings at the intestinal biopsies compatible with celiac disease.

7. Gluten-free diet

The only treatment for celiac disease is to avoid completely the consumption of 
foods containing gluten, even in minimal amounts.
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Once the gluten-free diet (GFD) is established, the clinical recovery is usually not 
immediate, and duodenal biopsies can be repeated after 2 years to return to being 
completely normal [5].

At the beginning of the treatment, in addition to the GFD, dietary supplements of 
vitamins or minerals can be recommended in some people which show deficiencies 
and usually, they achieve a faster recovery.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Extraintestinal Manifestations  
of Celiac Disease in Children
Karunesh Kumar and Deepika Rustogi

Abstract

Celiac disease can involve any organ system, leading to various non-classical or 
atypical manifestations. These atypical signs and symptoms have been seen increasingly 
in the last few decades, both in children and adults, which may or may not involve the 
gastrointestinal system. This transition from a malabsorptive disorder causing GI symp-
toms and malnutrition to a more subtle condition causing a variety of extraintestinal 
manifestations led to newer nomenclature of gastrointestinal and extraintestinal signs 
and symptoms. Infancy and early childhood onset celiac disease may have a predomi-
nance of gastrointestinal manifestations leading to protein energy malnutrition and 
failure to thrive. The late presentation may have subtle manifestations, and extraintesti-
nal signs and symptoms may be commoner. Short stature, delayed puberty, osteopenia, 
neuropsychiatric manifestations, iron-deficiency anemia, and elevated liver enzymes 
are common extraintestinal symptoms. The pathogenesis of extraintestinal manifesta-
tions may be due to malabsorption or associated with a systemic autoimmune response. 
These atypical presentations, especially in the absence of gastrointestinal symptoms 
and family history, may be missed, leading to a delay in diagnosis and management. 
A suitable case-finding strategy and liberal use of serological tests may improve the 
detection rate of CD.

Keywords: celiac disease, gluten-free diet, wheat allergy, atypical celiac,  
asymptomatic celiac

1. Introduction

Celiac disease (CD) is common in all ages and has various signs and symptoms. 
These symptoms could be classified as classical (chronic diarrhea and weight loss, 
etc.) or non-classical (anemia, osteoporosis, neurological disturbances, etc.). Due to 
atypical manifestations, many CD cases currently escape diagnosis and are exposed to 
the risk of long-term complications. Infancy and early childhood-onset celiac disease 
may have a predominance of gastrointestinal manifestations leading to protein energy 
malnutrition and failure to thrive. Late presentation may have subtle manifestations, 
and extraintestinal signs and symptoms may be commoner.

Non-classical or atypical symptoms have been increasingly recognized in the 
last few decades and have become commoner than classical presentation. Due to 
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increasing awareness and serological screening of at-risk groups, non-classical forms 
are being recognized more yet awareness is lacking [1–3]. Even though this term, 
typical or atypical, is discouraged but remains in common use, the European Society 
of Pediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) working 
group recommends the following nomenclature: gastrointestinal and extraintestinal 
 symptoms and signs [4].

Gastrointestinal manifestations may include nonspecific recurrent abdominal 
pain, irritable bowel-like symptoms (e.g., recurrent diarrhea), and recurrent aphthous 
stomatitis. The most frequent extraintestinal presentations include (a) iron deficiency 
which may or may not be associated with anemia; (b)isolated elevation of liver trans-
aminases (celiac hepatitis) characterized by non-progressive inflammation of liver 
parenchyma; (c) short stature and delayed puberty. CD is one of the commonest causes 
of short stature and is characterized by delayed bone age, either normal or blunted 
growth hormone response to stimulatory tests and low levels of insulin-like growth 
factor-1 [5]; (d) chronic fatigue; (e) behavioral disturbances, such as irritability, and 
impaired school performance. Detailed list is mentioned in Table 1. Extraintestinal 
symptoms occur at similar rates in children and in adults: 60 and 62%, respectively [7]. 
However, clinical manifestations and rate of improvement differ in the two age groups. 
In children, short stature, fatigue, and headache appear to be the most common, while 
iron-deficiency anemia is the predominant manifestation in adults. Children respond 
faster to GFD in the resolution of symptoms than in adults [7, 8]. While some of the 
extraintestinal manifestations, such as weight loss, fatigue, short stature, and delayed 

Extraintestinal symptoms Percentage of total no. children/
adolescents with CD

• Weight loss, failure-to-thrive, stunted growth/short stature.

• Delayed puberty and amenorrhea

• Irritability and chronic fatigue

• Chronic iron-deficiency anemia

• Joint and musculoskeletal disorders

• Bone diseases—decreased bone mineralization and repetitive 
fractures

• Recurrent aphthous stomatitis

• Dermatitis herpetiformis-type rash

• Dental enamel defects

• Abnormal liver biochemistry

• Alopecia areata

• Neuropathy

• Headache and migraine

• Idiopathic seizures

• Depression and psychiatric disorders

• Vitamin deficiency

• 19–31

• 11–20

• 10–14, 7

• 3–16

• 5–10

• 75

• 46

• 4

• 5

• 9–14

• 1

• 0.1–7.4

• 18

• 0.7–2

Table 1. 
Extraintestinal symptoms and their prevalence [4, 6].
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puberty, can be attributed to nutritional deficiencies and their metabolic consequences, 
others follow different and often poorly understood pathways.

2. Diagnosis

It is crucial to diagnose CD not only in children with obvious gastrointestinal 
symptoms but also in children with a less clear clinical picture because the disease 
may have negative health consequences. Children with extraintestinal manifesta-
tions may present to a different speciality, which sometimes makes diagnosis dif-
ficult because of unfamiliarity with the disease. This undiagnosed proportion can 
be as high as 85–90% [9, 10]. Because atypical symptoms may be considerably more 
common than classic symptoms, the ESPGHAN working group decided to use the 
following nomenclature: gastrointestinal symptoms and signs (e.g., chronic diarrhea) 
and extraintestinal symptoms and signs (e.g., anemia, neuropathy, decreased bone 
density, increased risk of fractures) [4]. Based on this, they recommended CD testing 
in children and adolescents with the following otherwise unexplained symptoms 
and signs: chronic abdominal pain, cramping or distension, chronic or intermit-
tent diarrhea, growth failure, iron-deficiency anemia, nausea or vomiting, chronic 
constipation not responding to usual treatment, weight loss, chronic fatigue, short 
stature, delayed puberty, amenorrhea, recurrent aphthous stomatitis (mouth ulcers), 
dermatitis herpetiformis-type rash, repetitive fractures/osteopenia/osteoporosis, and 
unexplained abnormal liver biochemistry [4, 6].

3. Underlying pathophysiology

Two mechanisms play crucial roles in the pathogenesis of extraintestinal manifesta-
tions: proximal bowel mucosal damage and the autoimmune response. However, many 
aspects of pathogenesis remain unclear. Many of the extraintestinal manifestations 
correlate with the extent of intestinal damage but may not be true for all. Anemia, 
stunted growth, and osteopenia are some examples correlating with the extent of 
damage and consequent malabsorption. Autoimmune phenomenon plays a role in some 
 extraintestinal manifestations, but correlation or justification may not be straight-
forward. Tissue transglutaminase 2 (TG2) is the main, but not the only autoantigen 
involved in CD. IgA deposits co-localize with TG2 in the liver, lymph nodes, muscle, 
thyroid, bone, and brain indicating that the autoantibodies, probably originated in the 
gut, can access TG2 throughout the body and cause pathogenic effects. Other autoan-
tibodies which can have possible roles in the pathogenesis of extraintestinal manifesta-
tions in CD are tissue transglutaminase 3 (TG3) and tissue transglutaminase 6 (TG6). 
The TG3 is mainly expressed in the epidermis, and its presence is used as a diagnostic 
test for DH. They are also present in areas away from the skin lesions, suggesting that 
other factors might have a role. The TG6 is mainly expressed in the neurons, and an 
association between neurological symptoms and the presence of anti-TG6 antibodies 
has been postulated. Again, their presence in asymptomatic patients may suggest other 
unknown mechanisms may have a role. Specificity of these autoantibodies and the 
gluten-dependence of their production have not been definitely proven [11]. Antibodies 
to gangliosides have been reported in immune-mediated peripheral neuropathies and in 
patients with neurological symptoms, their titers reduced on GFD [12] (Table 2).
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4. Extraintestinal manifestations

4.1 Weight loss, failure-to-thrive, and stunted growth/short stature

Short stature can be an isolated initial presentation, it is one of the commonest 
extraintestinal manifestations of CD in children, and 10 to 40% will have short 
stature at the time of diagnosis [7]. Severe growth failure, along with severe disease 
onset, has been commonly seen in younger children [14]. CD can be found in up to 
10% of children undergoing evaluation for short stature [15], which is between 19 
and 59% of all non-endocrinological causes [16, 17]. Recently, a meta-analysis found 
one in 14 patients with all-cause short stature and one in nine patients with idiopathic 
short stature to have a biopsy-confirmed CD [18]. Such children respond well and 
show catch-up growth to GFD if the diagnosis has been made well before puberty [7].

4.2 Delayed puberty and amenorrhea

The prevalence of delayed puberty is seen in up to 20% of children with celiac 
disease [19]. This could be because of hypogonadism or hormonal resistance [20]. 
Hormonal resistance can develop due to antibodies against hormones, their receptors, 
or endocrine organs. Nutrition may also play a role. These patients respond very well 
to GFD, and puberty occurs within 6–8 months.

4.3 Chronic iron-deficiency anemia

Iron-deficiency anemia (IDA) is adults’ most common extraintestinal manifesta-
tion. Delay in diagnosis in adults could be one of the reasons for higher prevalence. 

Extraintestinal symptoms Possible underlying pathogenic mechanism

Delayed puberty and amenorrhea Malnutrition, hypothalamic-pituitary dysfunction, 
and immune dysfunction

Weight loss, failure-to-thrive, stunted growth/short 
stature

Malnutrition, hypothalamic-pituitary dysfunction, 
and vitamin deficiency

Chronic iron-deficiency anemia Iron, folate, vitamin B12, or pyridoxine deficiency

Dermatitis herpetiformis-type rash Epidermal (type 3) TG autoimmunity

Irritability and chronic fatigue Generalized muscle atrophy, hypokalemia

Abnormal liver biochemistry Celiac hepatitis, autoimmune hepatitis

Neuropathy Deficiencies of vitamin B12 and thiamine; immune-
based neurologic dysfunction

Idiopathic seizures unknown

Neuro-psychiatric manifestation Immune-based neurologic dysfunction
Cerebellar and posterior column damage

Recurrent aphthous stomatitis Unknown

Decreased bone mineralization (osteopenia/
osteoporosis) and repetitive fractures

Malabsorption of calcium and vitamin D, secondary 
hyperparathyroidism, and chronic inflammation

Dental enamel defects Vitamin D and calcium malabsorption

Table 2. 
Extraintestinal manifestations and their underlying pathophysiology [13].
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Prevalence in children has been found to be around 15% [7, 8]. It can be the sole mani-
festation or presenting feature of CD, especially in older children and adolescents. 
Iron deficiency may or may not be associated with anemia. In the ProCeDE study, 
the cohort of children diagnosed based on symptoms, iron-deficiency anemia was 
reported in 17% [21]. A large pediatric population-based study in Germany found no 
significant differences between TGA-IgA positive children compared with negatives. 
Still, serum ferritin was significantly lower in the seropositive group, indicating lower 
iron stores [22]. A different study from the same region found CD in 6 (4.4%) IDA 
patients without gastrointestinal symptoms, but they found zero cases in 223 healthy 
asymptomatic children without anemia [23].

Anemia, most commonly IDA, in CD children can result from several different, 
and sometimes combined, causes [24]. IDA severity co-relates with the disease severity 
(histological and serological) and could be a manifestation of malabsorption due to 
damage in the proximal small bowel [25, 26]. However, even when asymptomatic, CD 
can lead to IDA [27]. Iron absorption occurs in the proximal small bowel, the area most 
commonly involved in CD, which explains the IDA. Vit B12 and folate deficiency can 
also contribute to the pathogenesis of anemia. But anemia in potential celiac, in the 
absence of histopathological changes, suggests the role of some other mechanism as 
well. Majority of (up to 84%) children with CD presenting with mild anemia on strict 
GFD and iron supplementation replenish their iron stores by 12–24 months [7, 25].

4.4 Joint and musculoskeletal disorders

Though rare, joint involvement has been reported in children and adults with 
CD [28]. It can be in the form of arthralgia, arthritis (non-erosive), and myopathy, 
which may be silent in the initial stages of the disease. Joint and musculoskeletal 
involvement may be because of other associated underlying autoimmune condi-
tions, which are relatively common in children with CD and should be ruled out first 
before attributing it to CD. Pathophysiology of musculoskeletal involvement in CD is 
not very well understood, and even response to GFD is not consistent [29]. Patients 
with unexplained arthralgia/arthritis should be tested for underlying CD once other 
autoimmune musculoskeletal conditions have been ruled out [30].

4.5  Decreased bone mineralization (osteopenia/osteoporosis), repetitive 
fractures

Approximately 75% of pediatric patients have osteopenia (low bone mineral 
density), and 10–30% have osteoporosis (bone brittleness) [31]. Decreased bone 
mineralization can be due to a combination of intestinal malabsorption (the majority 
of calcium and vitamin D gets absorbed from the proximal small intestine, which is 
damaged in a patient with CD) and chronic inflammation. Low level of vitamin D 
can lead to a high level of parathyroid, which is a common finding in such patients. 
Hyperparathyroidism and other intermediate metabolites lead to higher bone turn-
over, causing osteopenia and osteoporosis. Higher serum OPG, telopeptide, and 
lower serum pro-peptide have been found in these patients, pointing again toward 
an increased bone turnover [32]. Growing trabecular bones are commonly involved. 
Osteopenia can even be found in the early stages of CD hence the emphasis on 
early detection and treatment. Osteopenia in children with CD responds very well 
to the GFD. Even adult patients too can improve their bone mineral density after 
some years on GFD, but the response is not as robust [33]. Vitamin D and calcium 
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supplementation can hasten the recovery in such children; hence, adequate supple-
mentation should be ensured in newly diagnosed CD children.

4.6 Oral manifestations and recurrent aphthous stomatitis

Geographical tongue and aphthous ulcers are common oral manifestations in 
children with CD. Lichen planus, cheilosis, atrophic glossitis, and glossodinia are 
other common manifestations which may or may not be specific to CD. Children with 
geographical tongue have more prevalence of CD in comparison with the general 
population [34]. Aphthous ulcers are a non-specific occurrence in CD and can be 
found in other autoimmune or medical conditions like IBD and Behcet’s disease. The 
underlying pathogenic mechanism is not very clear and may have some relation with 
malabsorption, and changes in the normal oral flora and ecosystem may be contribu-
tory. Such lesions respond very well to GFD, and they remit completely on GFD.

In a case-control study, 50 CD cases and 50 controls were assessed, and the 
prevalence of aphthous ulcers was 62% and 13%, respectively [35]. In the same study, 
delayed dental eruption was observed in 38% and 11% and specific enamel defects 
in 48% and 0%, respectively [35]. An Iranian study among teenagers and adults 
reported a prevalence of CD in 2.8% of children with recurrent aphthae and was 
significantly higher than the general population [36].

4.7 Dermatitis herpetiformis-type rash

DH affects primarily older children and adults. In contrast to CD, the annual 
incidence of DH has been decreasing probably because of the diagnosis of even silent 
and asymptomatic patients. It may suggest that subclinical CD may predispose to 
DH. Gastrointestinal symptoms are rare in patients with DH, but enteropathy can 
be documented in up to 72% of the patients [37]. DH manifests as bilateral, sym-
metrical blisters with pruritus affecting extensor surfaces followed by shoulders, 
buttocks, sacral region, and face. These lesions may be preceded by itching and 
burning sensation followed by erosions, excoriations, and hyperpigmentation. DH is 
considered the skin manifestation typical of celiac disease as similar antibodies are at 
play, which leads to intestinal changes [38]. Epidermal transglutaminase (TG3) acts 
as an autoantigen against which patient develops an antibody which gets deposited 
in the skin layer. Characteristic granular IgA deposits can be demonstrated by direct 
immunofluorescence microscopy in the biopsy of the adjacent unaffected skin at the 
dermo-epidermal junction [39]. Strict GFD is very effective with 100% resolution, 
but in the initial phase, dapsone or other drugs can be used.

4.8 Dental enamel defects

Dental enamel hypoplasia is a common occurrence in children, and prevalence ranges 
between 10% and 97% in various studies. Still, prevalence has been decreasing in recent 
studies suggesting a less severe presentation of the disease nowadays [40]. Nutritional 
deficiency due to malabsorption during the period of enamel formation (<7 years), and 
immunological disturbances lead to the defect. Deciduous teeth (incisors and molars) 
are more frequently involved in a symmetrical way. The enamel defects manifest as 
pitting or grooving on the surface or sometimes with complete loss of enamel. They can 
also include discoloration and structural changes on the surface. These changes improve 
once nutritional and immunological disturbances are restored. Improvement will occur 
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in primary teeth, but the same may not be valid for permanent teeth, even on strict GFD. 
These enamel defects, like other extraintestinal manifestations, may or may not have 
other symptoms and hence can be a useful clinical screening tool [41].

4.9 Elevation of transaminases

Liver enzymes may be deranged in children with CD, a most common hepatic 
manifestation of CD, which could be related to the disease itself (idiopathic or known 
as celiac hepatitis) or due to associated autoimmune hepatitis. Celiac hepatitis is seen 
in about one-third of children with CD [42]. On the contrary, CD may be found in 12% 
of children with mild unexplained elevated transaminases [42]. Extent of involvement 
usually correlates with overall disease severity (histopathological and serological). 
Duodenal damage may expose the liver to hepatotoxins because of the increased 
permeability, and autoimmune factors may also play a role suggested by the deposition 
of CD antibodies in the liver [43, 44]. Liver involvement is usually mild and reversible 
and rarely causes liver failure [45]. When a child presents with deranged liver function 
and coagulopathy, underlying malabsorption needs to be considered and treated with 
supplementing Vitamin K. Good compliance with GFD leads to normalization of the 
liver transaminases levels in up to 95% within 1–2 years [46]. The same is not true if 
the liver involvement is because of another concomitant autoimmune liver disease.

4.10 Alopecia areata

Alopecia areata is characterized by a patchy hair loss on the scalp, a common form 
of hair loss in children. It is believed to be an autoimmune condition and is common 
in CD children [47]. It can occur in the absence of GI signs and symptoms but, once 
diagnosed, shows an excellent response to the GFD.

4.11  Headache, migraine, idiopathic seizures, depression, and psychiatric 
disorders

Neurological symptoms are more common in children with CD than controls 
[48]. Headache is the most common neurological symptom (in 18%) and responds 
well to the exclusion of gluten from the diet [49, 50]. Other neurological symptoms 
are peripheral neuropathy and seizures, which also tend to improve with GFD [48, 
51]. Anti-ganglioside antibodies, along with nutritional deficiencies, like Vitamin 
B12, E, and D, may play a role in neuropathy. These manifestations may be present 
in children in the absence of enteropathy, suggesting that other mechanisms like a 
cross-reaction between anti-gliadin antibodies and synapsin might be responsible. 
Epilepsy’s prevalence is higher, though some studies did not find a significant differ-
ence in the prevalence, in CD children, and the difference remains uncertain. The 
seizures are generalized tonic-clonic, but partial and occasionally absence seizures are 
also seen [52]. GFD helps control frequency of seizure episodes, especially those poorly 
controlled despite antileptic medications. Epilepsy associated with occipital calcifica-
tion has been reported in children with CD [53]. A patient with epilepsy disorder 
without a clear etiology should be considered for CD screening as their seizure control 
will be better on GFD. Ataxia, a neurological manifestation of CD, tends to manifest 
predominantly in adult patients. The presence of anti-TG6 antibodies against the 
cerebellar cells might play a pathogenic role. These autoantibodies can also be found in 
children without neurological disorders, suggesting some other unknown mechanism. 
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Psychiatric issues like anxiety, hallucinations, and depression are common in adoles-
cents and may persist into adult life, and interestingly, they respond to GFD [54, 55]. 
An increased suicide tendency in CD patients has also been observed [56].

4.12 Vitamin deficiency

Vitamin D deficiency is the most common deficiency seen in children with CD, 
and its testing is recommended at diagnosis so that adequate supplementation can be 
given. Vitamin D deficiency can lead to hyperparathyroidism and subsequent osteo-
penia. Other vitamin levels can also be diminished in CD due to malabsorption and 
manifest in different ways, as discussed in other sections.

5. Peri-natal and post-natal manifestations

Over the last three decades, several reports, mostly retrospective, have examined 
the potential impact of undiagnosed celiac disease on pregnancy and fetal outcomes. 
Asymptomatic and undiagnosed celiac disease has been associated with various 
gynecological, obstetric, and fetal complications with conflicting results, particularly 
unexplained infertility, miscarriages, fetal growth restriction, low birth weight, and 
preterm birth [57–60].

The association between untreated maternal celiac disease and intrauterine 
growth restriction (IUGR) and small for gestational age (SGA) has been highly 
significant in most scientific reports. The odds ratio from a large population-based 
Danish cohort study was 1.31 (CI 1.06–1.63) and OR 1.62 (CI 1.22–2.15) in a similar 
Swedish study [61]. Evidence in favor of the normalization of most of these compli-
cations with a gluten-free diet appears reassuring, though the literature is limited 
[7, 59, 61, 62]. There are some reports concerning the effect of paternal celiac disease 
on preterm birth and birth weight. However, further research is needed to confirm 
the findings [63, 64]. We could not find data on the impact of undiagnosed maternal 
disease on neonates and infants.

6. Treatment

GFD is the only effective therapy available; none of the pharmacological alterna-
tives is effective and can replace GFD [65]. Recovery from GFD is faster in children 
and can lead to complete remission of extraintestinal manifestations [7]. Starting 
GFD as soon as possible is essential and will have a good prognosis. This is especially 
true for bone diseases or short stature.

Nevertheless, sometimes more than the diet is needed, vitamins and minerals 
need supplementation. Anemia may need iron supplementation, vitamin D defi-
ciency needs supplementation with Vitamin D and calcium, and DH may require 
medical therapy in the initial days. Compliance is an issue, especially in adolescents, 
affected with the highest prevalence of extraintestinal manifestations and compli-
cations [59]. Compliance needs to be ascertained, especially if there is no improve-
ment in the symptoms. If there is no improvement despite compliance, other 
diagnoses or pathogenic mechanisms should be investigated, for instance, growth 
hormone deficiency in children with short stature and hematological disorders in 
children with anemia.
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7. Conclusion

Extraintestinal manifestations are more common in CD in children and often 
get overlooked because of a lack of awareness. These atypical manifestations make 
diagnosis difficult, which leads to delay in diagnosis. With easily available efficient 
screening serological tools, diagnosis can be straightforward, but awareness over the 
multispecialty levels (hematologists, neurologists, rheumatologists, and endocrinolo-
gists) needs to be increased. An early diagnosis is vital to prevent long-term complica-
tions, especially those that are no more correctable after a certain age (e.g., osteopenia 
and short stature).
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CD  celiac disease
TG  transglutaminase
DH  dermatitis herpetiformis
GFD  gluten-free diet
TGA IgA  transglutaminase antibody IgA
IDA  iron-deficiency anemia
ESPGHAN  European society of pediatric gastroenterology hepatology and 

nutrition
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Chapter 3

Current Trends in the GFD
Follow-Up
Irati Mendia Azkoaga and Ángel Cebolla

Abstract

A poor adherence to a gluten-free diet (GFD) have a negative impact on people
with celiac disease (CD). However, committing to a gluten-free lifelong carries social
and economic burden and, a high degree of knowledge, motivation and a continuous
effort. It is essential that the patient understands its disease, how to perform a GFD
and the consequences that entail if the patient is not followed in the long term.
However, a large percentage of patients does not still achieve a complete mucosal
healing, likely due to a poor adherence to the GFD. We describe the current tools for
the control of adherence to a GFD, with a special focus on the detection of gluten
immunogenic peptides (GIP) in feces and urine, as GIP detection allows direct evi-
dence that the gluten that has been ingested. GIP are becoming useful biomarkers for
this aim. Here, we summarize the current information about the main applications
and limitations of the use of the GIP determinations in the follow up of celiac disease.

Keywords: celiac disease, gluten immunogenic peptides (GIP), gluten-free diet
(GFD) follow-up, POCT gluten contamination, gluten-free products

1. Introduction

Celiac disease (CD), also known as gluten-sensitive enteropathy or celiac sprue, is
a common immune-mediated inflammatory disease that primarily affects the small
intestine caused by an autoimmune response to dietary gluten and related proteins in
genetically predisposed individuals, with the human leukocyte antigen, HLA-DQ2,
and/or HLA-DQ8 haplotypes. It is estimated that approximately 0.5 to 2 percent of the
population around the world is affected by this condition [1–5].

Hence, pathogenesis of CD depends on genetic and environmental factors. The
main environmental factor is the gluten intake [6]. Digestion of gluten in the gastro-
intestinal tract generates immunoactive peptides, of which the 33-mer of alfa-gliadin
(p57–68) has become a reference for its resistant to digestion and specific activity [7].
For simplification of the huge variability of peptides that are generated, the gluten
digested fractions that could stimulate T cell in most celiac patients, they are referred
as gluten immunogenic peptides (GIP) [7–9].

GIP that are encountered in the CD patients gut lumen, cross to the lamina propria
using either the transcellular or paracellular path, leading to the activation of both
adaptive and innate immune responses. This finally results in a structural change in
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the small intestinal mucosa, intraepithelial lymphocyte infiltration and in a defective
digestion and malabsorption of nutrients, amongst others [6, 10].

CD clinical manifestations are highly variable, as it could range from the classical
gastrointestinal symptoms (e.g., malabsorption, diarrhea, steatorrhea, weight loss,
bloating, flatulence, abdominal pain), to extraintestinal symptoms (e.g., dermatitis
herpetiformis, arthritis, neurological symptoms, anemia, osteopenia, osteoporosis,
tooth enamel defects, aphthous stomatitis, hypertransaminasemia) or with no symp-
toms at all [1, 6, 11]. Moreover, in the worst cases, when the disease remains
undetected or not treated properly, it is associated with an increased risk of bone
fracture or intestinal lymphoma [10, 12].

Currently, the unique available treatment for CD is to adhere to a strict lifelong
GFD. Once the dietary treatment is established, CD associated symptoms, and risks of
long-term complications, decrease, as the histology of the small bowel architecture is
restored. Different studies have shown that the 95% of the children achieved a com-
plete mucosal healing after two years of a GDF follow-up, whereas in adults a 34% and
66% accomplished duodenal mucosal recovery after two and five years, respectively
[12, 13].

2. Is a complete removal of gluten from the diet achievable?

GFD should be mainly based on natural foods without gluten: fruits, vegetables,
legumes, gluten-free pseudocereals (rice, corn, millet, sorghum, buckwheat, ama-
ranth and quinoa), tubers, meat, fish, nuts and dairy products. This food selection can
be supplemented with certified gluten-free products, whose purpose is to replace
foods traditionally made with gluten, such as bread, pasta, pastries, etc. [14, 15].

Despite the GFD efficacy, a significant number of CD patients does not report a
good adherence to the treatment [6]. Several studies based on serological tests, dietetic
questionnaires and GIP detection in stool and urine, revealed that up to 45% of the
children, 64% of the teenagers and 69% of adults commit diet transgressions whilst
following the GFD [13, 16]. It has been estimated that the mean exposure to gluten in
many patients may exceed 100 mg/day, which may be sufficient to produce persistent
symptoms, enteropathy, and long-term complications [17, 18].

Effectively, going on a strict GFD is an arduous task, unimaginable elements such
as lipsticks or plasticine also might be composed of gluten. The adherence to GF-life
implies on the one hand, a deep understanding of the condition and gluten ubiquity by
the patients and their closest social circles. On the other hand, GFD implicates
sensory, nutritional, motivational, social, and economic difficulties [6, 19–21].

Naturally, gluten immunoactive peptides can be mainly found in wheat, rye and
barley, which are widely used to make food products such as bread, beer, pasta, cakes,
pastries and biscuits. Despite the low nutritional and biological value of this protein
mixtures, it is, after sugar, the most used additive in industry [22, 23]. Its multiple
properties, thermostability, the fact that it can act as a binding and extending agent, it
can hold moisture and improve flavors and textures (it can be used as thickener,
emulsifier, or gelling agent) make of it an excellent additive. Thus, less obvious gluten
sources include processed foods (e.g., snacks or reconstituted meat and seafood),
medications and cosmetic products [23]. Equally important is to be aware of cross-
contaminations which can easily occur by contacting other foods that contain gluten
or by using the same utensils to cook or manipulate one and the other without
sanitizing them properly [14].
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In sensorial and nutritional terms, GF food is not preferred versus their gluten
containing versions. Industry efforts to make tastier and with nicer textures make
those products higher in carbohydrates and lipids, mainly saturated fat, thus resulting
in high-calorie foods which give high glycaemic index (GIP) [24, 25]. Moreover,
because of the development of new formulas, a shorter shelf-life, the need of special
packaging due to a higher microbial and fungal contamination risk, cleanings for GF
manufacturing lines and accreditations for labelling as GF food amongst others, makes
this food 200–500% more expensive than their gluten-containing counterparts
[19, 24]. What for instance for a Spanish coeliac citizen translates into an
increasement of 1000€ in its shopping card per year [26]. Some countries as Italy,
Canada or the USA offer a gluten-free tax or subsidies deduction for those who are on
a GFD for proven medical reasons [27].

CD is also associated with increased risk of suffering some psychiatric conditions
as depression, anxiety, eating disorders, autistic spectrum disorder (ASD) and atten-
tion deficit hyperactivity disorder (ADHD). It is argued that some of them are devel-
oped by a specific biological mechanism by a “gut-brain” relationship, and others are
developed indirectly for the social and motivational implications involved [28]. After
starting the GFD, as CD related symptoms improve, the incidence of anxiety and
depression in celiac patients decreases. However, after certain period, the psycholog-
ical conditions increase again, probably due to the difficulties to match the profes-
sional and social life with the requirements of the diet. Isolation, shame, fear of
becoming contaminated by gluten and worries about being a bother are common
amongst CD patients [29].

From all the above, the achieved adherence is strongly associated with cognitive,
emotional, and socio-cultural issues, membership of an advocacy group and regular
dietetic follow-up [20]. Therefore, it is important that the coeliac has psychological,
nutritional, caregivers and social support and on hand tools to adapt and continue
with excellent adherence to the gluten-free diet.

3. How much gluten is harmful in celiac disease without significant
clinical consequences?

The difficulty of absolute adhesion to the GFD makes patients to frequently ask
doctors how much gluten they may tolerate.

Over the last years several studies have tried to answer to this very demanded
question. Although the responses obtained differ, probably because methodology
differences amongst studies, some studies support that small daily amounts of
<50 mg could be tolerated by most celiac patients. However, for some of the patients
amounts as little as 10 mg per day could lead to an immunological and histological
response [30–32].

Those studies mentioned above were done involving a gluten challenge,
meaning a certain amount of gluten was administered daily. The frequency to which
those voluntary and/or involuntary gluten exposures occurs may be even more
relevant to cause persistent histological damage than occasional high gluten intake
[31, 33].

There is unfortunately not a simple answer to the question of this section that can
be given to all patients. Ultimately, different gluten intake patterns may lead to
negative impact on celiac patients. Studying patients on a case-by-case basis could be a
very time-consuming trial and inaccurate. To facilitate this task, both sides, healthcare
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providers and patients, should be provided with the correct tools and appropriate
monitoring methodology to find the tolerable threshold for each patient. Otherwise, a
single response would be offered: following GFD as strict as possible.

4. Current tools and strategies to measure the adherence to the GFD

In case of children and teenagers, ESPGHAN guidelines recommend follow-up
visits after CD diagnosis. The first one should be programmed 3-–6 months after.
Then, subsequent visits should be taken every 6 months until normalization of TGA
levels, and every 12–24 months thereafter, unless there are concerns, complications or
symptoms do persist and a sooner review is needed [3]. Likewise, there are similar
universal agreement for adults [1, 2, 4, 5].

The aim of this monitorization is to evaluate the adherence to the treatment (GFD)
and to detect any complication, which can be done either directly asking for the diet
followed or fecal/urine GIP determinations, or indirectly, observing the clinical evo-
lution from diagnosis (symptoms persistence, nutritional status and new clinic mani-
festations or associated complications) [16, 34, 35]. For this purpose, the following
tools are used in clinical practice:

4.1 Clinical assessment

Once the GFD has been established, it is analyzed if symptoms and risk of compli-
cations have decreased, and quality of life is enhanced [2]. Despite a decrease in
symptoms is associated with a response to the GFD, it has some weak points. On the
one hand, several studies have stated that is an unreliable marker regarding recovery
from intestinal atrophy [32, 36–39]. On the other hand, there are patients who are
asymptomatic or express insignificant symptomatology, for whom the clinical assess-
ment cannot be used as treatment monitoring indicator [36].

Additionally, other causes may motivate GI symptoms that could be easily con-
fused with CD symptoms [37]. Therefore, clinical symptoms should not be considered
as reliable method to evaluate the adherence to the GFD.

4.2 Dietetic review

Regular or periodical visits to an experienced dietitian in CD are recommended by
different world-known guides [5, 35]. Relying on professional guidance is considered
as key driver to accomplish the GFD. In order to evaluate the compliance grade,
professionals are informed from patients’ self-reports, for which the Standardized
Dietician Evaluation [SDE] is commonly used, and on CD specialized dietetic ques-
tionnaires [16], such as, the Celiac Dietary Adherence Test [CDAT] or the Biagi Score
[38, 40, 41].

Despite they have been advocated for being cost-effective and not invasive, they
show some limitations. Firstly, questionnaires need to be translated and validated in
all languages and cultures and do not register gluten real consumption. Secondly, self-
reports are imprecise and subjective, as they depend on the patient’s knowledge about
the GFD and its fear to be judged [11, 42]. All these limitations resulted in the poor
sensitivity of the dietary questionnaires to predict either villus atrophy or poor
adherence in adult patients [39, 43].
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Owing to those limitations, scientific research advocates more for the use of
these tools to provide education for the avoidance of future inadvertent gluten
exposures [36].

4.3 Endoscopy with duodenal biopsies

Duodenal biopsies provided by expert personnel or image analysis by advance
technologies give a direct idea of the state of the GI mucosa. Either Marsh-Oberhuber
classification or changes in villous height: crypt depth ratio (Vh:Cd) are used for its
evaluation [44].

Despite current guidelines suggest follow-up biopsies every 1–2 years when symp-
toms persist, its use is frequently debated [1, 5, 35, 45]. On the one hand, endoscopies
are invasive, expensive and need of experienced professionals to be done and
interpreted and/or alternatively, specialized equipment to control biopsies and Vh:Cd
determinations. On the other hand, despite an apparent strict compliance with GFD,
mucosal damage could persist for years in certain adults [36, 39]. Therefore, the use of
endoscopy in the follow-up tends to be more reduced.

4.4 Antibody-type serological biomarkers

Anti-gliadin antibody (anti-AGA), anti-endomysial antibody (anti-EMA), anti-
tissue transglutaminase (anti-tTG)- TG2, TG6, TG3 and anti-deamidated gliadin pep-
tide (anti-DGP), are the specific serologic antibody biomarkers in CD [46, 47].

Whereas their presence and their level above certain concentrations (e.g., anti-
TG2 ≥ 10 times above the upper limit of baseline level), are very useful in the
diagnosis of CD with a high sensitivity and specificity, they are not convenient bio-
markers to check during the follow-up because of the low sensitivity [3, 39, 43].
Negative results are achieved with a reduction of gluten consumption, but frequent
low quantities of gluten can also reduce the antibody level. Most of the individuals
who do not portray a strict adherence to the GFD but do reduce the level of gluten
consumption could also lead to a normalization of serology, without achieving a
mucosal healing [1, 39, 47].

Other reasons that need also to bear in mind when using the serological biomarkers
in the follow-up are:

• Cross-reaction with antibodies of enteric infections, other autoimmune diseases
or chronic conditions may happen leading to false positive results [45].

• Once the GFD is prescribed, it usually takes ≥6–24 months to negativize. Some of
them never reach full normalization of the serology. The timing of normalization
can significantly vary amongst individuals [35].

• Patients with general or specific immunodeficiencies (in IgA or IgG) would lead
to false negative results [45].

4.5 Novel biomarkers

The methods mentioned above have some weaknesses regarding GFD follow-up.
Therefore, a general accepted tool for the follow-up of CD is still pending to be
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available. The following biomarkers are providing new information and advantages
over the traditional tools [46, 48]:

4.5.1 Interleukin-2 (IL-2)

To be diagnosed with CD through conventional strategies it is mandatory that the
patients are ingesting enough gluten in their diet [1, 3]. However, thanks to the
increase in popular awareness of celiac disease and other gluten or wheat related
conditions, many of the people who suspect that gluten is causing damage to them,
reduce or suppress gluten in the diet before they are diagnosed. Consequently, the
people on GFD are asked to go through a gluten challenge, which consists of long
gluten exposure periods, for example, children are asked for three-months gluten
challenge, to provoke intestinal damage and increasement of CD specific antibodies
[1, 3]. Due to physical discomfort caused by this challenge in many people, it raises a
lot of rejection and/or abandonment. Therefore, interest in new diagnostic techniques
for the population on GFD is growing [48, 49].

Despite those new CD diagnosing techniques still need significant daily gluten
consumption, those are based on bigger intakes in shorter periods of time, counted in
days. These provocations are not centred in altering the gastrointestinal mucosal state
or CD specific antibodies by itself, but the initiation of an unleashing of messengers,
molecules, cells of the innate and adaptive immunity that can serve as biomarkers in
the diagnosis of CD in people with GFD [48, 49].

Serum IL-2 is one of the most consistently upregulated cytokines in celiac patients,
peaking 4 hours after consumption of gluten containing foods and becoming
undetectable for most of the patients by 6 days after initial gluten exposure. Likewise,
it is correlated with timing and severity of symptoms [35, 46, 50].

However, interleukins are a type of cytokine, molecules released by the immune
system that are used for signaling amongst cells, not only in CD but many other
conditions. T CD4+ and CD8+ activated cells are the mayor sources of IL-2. IL-2
regulates the activities of white blood cells responsible for immunity [51]. Therefore,
the use of IL-2 in the follow-up by its own it is controversial, it would be more
clarifying to look at a panel of biomarkers that are up- or down-regulated during
gluten exposure in celiac patients.

4.5.2 Gluten-specific CD4 T cells

Gluten-specific CD4 T cells which have a central role on CD pathogenesis, are
released into the blood 6 days after the start of a three-day gluten challenge. Those
gluten-specific T cells can be detected by gIFN ELISpot, IP-10 ELISA or visualized by
flow cytometry [48].

4.5.3 Urinary and fecal gluten immunogenic peptides

GIPs generated after glutens gastrointestinal partial hydrolysis, contain sequences
that are immunoactive in CD patients. The presence in stools or urine of gluten
peptides is a direct proof of previous gluten consumption. Those GIP can be detected
by immunomethods developed from food analytical products,

GIP can be detected either in urine and stool after 2–15 hours and 12–120 hours of
gluten intakes, respectively, by using immunoassays in LFIA and ELISA platforms. As
low as 50 mg gluten intakes could be detected [52, 53]. The fact that GIPs gave an
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objective precise approach for determining voluntary or involuntary gluten con-
sumption has made of them to be increasingly used in clinical trials of non-dietary
therapies of CD, and studies with healthy and celiac children and adults [39, 43,
54–57]. Despite the undeniable direct association and effectiveness of the novel bio-
markers to predict adherence to GFD, they are still not broadly implemented in the
field.

4.5.4 Comparison of the current tools for GFD follow-up

The table showed below (Table 1) summarizes the most used current tools for
GFD follow-up, presenting the advantages and disadvantages of each technique.

The curation of celiac patient could be considered when it achieves a complete
mucosal healing, however, the risk of gluten exposure to deteriorate unremittingly the
intestinal mucosa is always a threat. This complete healing process can only be
accomplished by a full adherence to a GFD. The timing that would take for a complete
recovery could vary patient to patient.

GFD assessment
tool

Advantages Disadvantages

Clinical
assessment

1.Cheap.
2.Not invasive.

1. It cannot be used with asymptomatic
patients, which may represent about two
thirds of the CD population.

2.The symptoms caused must be
differentiated from the ones that might
have other origins.

3.Unreliable regarding recovery from
intestinal atrophy.

Dietetic review 1.No requirement of
instrumentation.

2.Not invasive.
3.Availability of standardized
questionnaires.

1.Must be translated and validated in all
languages and cultures.

2.Time consuming
3. Imprecise and subjective, as they are
subject to the responses of each patient

4.Poor sensitivity to predict either villus
atrophy and adherence

Endoscopy with
duodenal biopsies

1.Determination of the gluten
intake consequences through
checking GI mucosal state.

1.Expensive
2. Invasive
3.Need either of experienced professionals or
form specialized equipment

4.The reversibility of the damage can vary in
time from patient to patient

Antibody type
serological
biomarkers

1.Cost effective.
2.Positive results might indicate
continuous exposure to normal
gluten containing diets.

1. Semi-invasive
2.Negative values in most treated patients
with gluten exposure. Low sensitivity.

3.Cannot be used with immunocompromised
patients

4.False positives might be obtained due to
crossreactions with other antibodies

5.The timing of normalization can
significantly vary amongst individuals

6.There is no linear correlation between
serology values and recovery of the
intestinal mucosa
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5. Can GIP determinations be the “gold standard” for exploring adherence?

In contrast to the rest of the presented methods, GIPs determination is the only
tool that directly evidences the gluten intake whilst the rest of them try to determine
the consequences.

5.1 What are the peptides included in the term?

Any gluten peptide that has immunoactivity with CD patients’ T cells can be
considered a GIP [58].

Since GIP have been detected in feces and urine, they probably could be located
along the gastrointestinal tract and/or blood [59].

GIP present in stool and urine are derived from the digestion process. When gluten
is ingested, it is partially digested to different size oligopeptides by digestive enzymes
[60]. However, there are certain sequences that could be resistant to gastrointestinal
digestion by the hydrolytic enzymes from human, such as, the immunodominant
33-mer alpha gliadin peptide, which has demonstrated to be resistant to gastric,
pancreatic and intestinal brush-border membrane proteases [7]. Gluten is a protein
rich in proline (P) and glutamine (Q) amino acids, what gives it its hydrophobic
quality and at the same time it makes certain of those P and Q rich sequences hard to
digest. Some of those indigestible sequences have the capacity of triggering an
immune response in CD patients [60, 61].

During the last decades, considerable efforts have been made to map coeliac immu-
nogenic motifs, a work that from time to time, is updated to add newly found gluten
immunogenic sequences to the hundreds that have already been described as such [62].
Some immunogenic gluten epitopes may be tolerated at different level depending on the
CD patient, as each person may have a different sensitivity towards the different epi-
topes [30, 32]. It has been demonstrated T cells have more affinity by the peptides
presented by the HLA-DQ2 complexes than the ones presented by HLA-DQ8 ones.
Therefore, the immune system response between individuals who have one or the other
molecule would also be different [63]. However, it must be stated that not all gluten
peptides are involved in the development of CD, as some may not contain immunogenic
sequences. The immunogenicity of each GIP for T cell activation could be variable

GFD assessment
tool

Advantages Disadvantages

Interleukin-2 Low evidence for the utility in the follow-up.

Gluten-specific
CD4 T cells

1.Expensive instrument.
2.Required highly skilled technicians.

Gluten
immunogenic
peptides

1.Cost effective
2.Non-invasive.
3.Direct indicator that a gluten
intake has been committed.

4.May help to identify the source of
gluten exposure.

5.May estimate the amount of
gluten consumption

1.Window of detection per sample is limited
to hoursdays.

2.May require multiple samples (at least two)
to increase accuracy and reliability.

Table 1.
Advantages and disadvantages of the existing current tools for GFD adherence assessment.
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depending on the specificity and repetitions of immunogenic T cell epitopes [63, 64].
This amount can easily vary depending on the peptide’s gluten source. Hence, the 33-mer
of the alpha-2-gladin is recognized for being the most immunodominant gluten peptide
and used to be the referent GIP in analytical determinations. It contains three
overlapping T-cell epitopes, namely PFPQPQLPY (DQ2.5-glia-α1a, one copy),
PYPQPQLPY (DQ2.5-glia-α1b, two copies) and PQPQLPYPQ (DQ2.5-glia-α2, three
copies) [61]. The deamidation of certain glutamine residues by the TG2 enhances the
immunogenicity. TG2 has preference for QxP sites, where x, can be any amino acid [65].

5.2 Methods to determine GIP in human specimen

GIP have been detected in stool by ELISA and LFIA [43]. LC–MS, SPR, ELISA and
LFIA [43, 59, 66, 67] have shown to determine urine GIP. Each method shows a
different level of sensitivity and simplicity of execution.

The described methods for SPR, ELISA and LFIA to detect GIP in human stool and
urine are immunoassays based on the G12 and/or A1 antibodies.

The study made by Palanski et al., [59] with LC–MS described for the first time the
kind of gluten derived peptides that could be found in urine after gluten intake.
The smallest peptide had 1,33 KDa and the largest was 4,28 KDa, for non-CD
people after the intake of 18 g of gluten. 10/16 of these peptides showed at least 1
epitope for A1, 6/10 for G12 and 6/16 for both (Table 2). GIPs in stool have not been
described so far.

Molecular
size (KDa)

Sequence No of
epitopes
for G12

No of
epitopes
for A1

No of
volunteers that

was
encountered

4.28 SQQPEQTISQQPQQPFPQQPHQPQQPYPQQQPYGSSL 2 1 6/8

3.46 PQQPPFSQQQQQQQQQQQPPFSQQQQPVL 0 0 3/8

3.41 PyrQQQQPPFSQQPPISQQQQPPFSQQQQPQF 0 0 1/8

3.33 TQQPQQPFPQQPQQPFPQTQQPQQPFPQ 3 2 3/8

3.15 FLQPQQPFPQQPQQPYPQQPQQPFPQ 3 1 1/8

3.10 TQQPQQPFPQQPQQPFPQQPQQPFPQ 3 2 3/8

2.76 LGQQQPFPPQQPYPQPQPFPSQQP 0 1 5/8

2.51 SQQPQQPFPQQPHQPQQPYPQ 2 1 5/8

2.35 P[I/L]QPQQPFPQQPQQPFPQPQc 2 2 2/8

2.35 PyrQTFPHQPQQQVPQPQQPQQP 0 0 5/8

2.29 GQQQPFPPQQPYPQPQPFPS 0 1 8/8

2.21 GQQQPFPPQQPYPQPQPFP 0 1 7/8

1.89 QPFPPQQPYPQPQPFP 0 1 2/8

1.46 SCHVMQQQCCQ 0 0 5/8

1.39 CHVMQQQCCQd 0 0 1/8

1.33 SCHVMQQQCC 0 0 6/8

Table 2.
Modified from Palanski et al., [59]. Gluten derived peptide sequences found in urine that show epitopes for G12,
in bold and for A1 in red.
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Both A1 and G12 antibodies do not only detect gluten derived epitopes present in
the α-gliadin 33-mer, but detect most immunogenic peptides [61, 68]. Furthermore,
the G12 monoclonal antibody, has shown to capture most of the immunoactivity of
digested gluten from different sources with an immunoaffinity resin [58, 68, 69],

Products for measuring GIP in feces and urine are currently on the market,
adapted for both professional and domestic use [43]. Those ones for home use are
based on the LFIA, whose mechanism of use and interpretation of the results are
simple and already well known by the general population due to the familiarity of this
type of test during the COVID-19 pandemic. Kits for professional use were designed in
ELISA and LFIA formats, methods routinely used in clinical laboratories with the
potential to provide quantitative data of GIP concentration. Facilitating user-adapted
detection, allows GIP to be used as a biomarker of GFD adherence by both, profes-
sionals who perform the patient’s follow-up and by the patient itself. In this way, they
can detect failures and improve adherence to their treatment. Those kits are commer-
cialized by the names of GlutenDetect Urine and Stool, LFIA for domestic use,
iVYCHECK GIP Stool and iVYCHECK GIP Urine, LFIA for professional use and
iVYLISA GIP Stool, ELISA for professional use.

The LFIA test for detecting GIP in urine has a LLoQ of 2.5 ng GIP/mL, for stool
in stool is 0.3 μg GIP/g feces, where the LLoQ was established as the rate in which
the 95% of the samples to that concentration get a positive result, using as a
measurand the 33-mer (Figure 1). Those LFIA are semiqualitative tests, generally
providing a binary result “positive” or “negative” that can be easily interpreted. How-
ever, they have been also conveniently used for semi-quantitative determination with a
lateral flow reader.

Figure 1.
Urinations collected after 2 g of encapsuled [52] and 8 g of free gluten intake, represented with blue and red spots
respectively, during a 12 hours’ time lapse, presented in 3 hours intervals (0–3 h, 3–6 h, 6–9 h and 9–12 h) for
GIP detection and quantification. The urinations come from 21 healthy individuals for 2 g intake and from 15
healthy individuals for 8 g intake. For the dynamic range allowed, there were some urines that were positive de
visu but undetectable for the reader, those urines are the ones on the <LLoQ range; the ones on the >ULoQ are the
ones detectable by the reader but whose concentration was undistinguishable. The negative urines are given the
concentration below 2 ng GIP/mL.

28

Celiac Disease and Gluten-Free Diet



The ELISA test for detecting GIP in stool has a LLoQ of 0,3 μg α-gliadin 33mer/g
feces. The ELISA test is a semi-quantitative method. Therefore, it allows to differen-
tiate those stools for their GIP content within a dynamic range.

The reproducibility, repeatability and the diagnostic features of those tests are
summarized in the table below (Table 3):

5.3 How [when] to collect samples for GIP determinations

The timing for the sampling is an important issue to maximize outcomes. The
understanding of the GIP excretion dynamics helps us to select the most convenient
time window in which this involuntary ingestion/transgression occurred [52, 53, 70]
and even models have been made to estimate the relative amount of this
transgression [17].

The studies by Coto et al., [52, 53] with healthy volunteers, and Burger et al., with
celiac patients [70] had allowed us to know some key issues about the dynamics of GIP
excretion (related to single-dose intakes of gluten) in feces and urine (Table 4):

In feces, GIP excretion is delayed for at least 1 day and wash out in 2–7 days, whilst
in urine the excretion peak occurs earlier, and it is narrower than for stool. In feces, as
expected, a higher consumption of gluten was correlated to a higher concentration of

iVYCHECK GIP Urine iVYCHECK GIP Stool iVYLISA GIP Stool

Diagnostic
sensitivity *

90.18%
(95%IC: 84.22–96.14%)

94.60%
(95%IC: 86.00–100%)

97.10%
(95%IC: 90.20–100%)

Diagnostic
specificity *

98.28%
(95%IC: 95.48–100%)

100%
(95%IC: 98.80–100%)

83.30%
(95%IC: 63.30–100%)

Positive predictive
value *

98.06%
(95%IC: 94.91–100%)

100%
(95%IC: 98.60–100%)

91.90%
(95%IC: 81.80–100%)

Negative predictive
value *

91.20%
(95%IC: 85.83–96.57%)

95.20%
(95%IC: 87.60–100%)

93.75%
(95%IC: 78.80–100%)

Reproducibility 97.00%
(95%IC: 95.00–98.00%)

98.00%
(95%IC: 96.00–99.00%)

CV ≤ 22%

Repeatability 98.00%
(95%IC: 94.00–100%)

98.00%
(95%IC: 94.00–100%)

CV ≤ 17%

*Associated with people without restrictions on gluten consumption in the diet. Intake not controlled.

Table 3.
Features of the urine and stool GIP detecting kits in the market for professional use.

Stool Urine

LFIA ELISA LFIA

Minimum gluten intake amount that has been detected (single dose) 50 mg 50 mg 50 mg

Excretion window for 50 mg 12–84 h 0–84 h 3–12 h

Excretion window for 2 g 0–132 h 12–204 h 1–15 h

Peak of GIP (time after gluten intake) 24–48 h 24–48 h 6–9 h

Table 4.
Summary of the performance of GIP detecting test according to GIP excretion dynamics.
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GIP in the sample, and to a longer detection period after single gluten intake. In urine
the excretion of gluten over time behaves in a similar way regardless of the consump-
tion, with a higher variability on the GIP concentration than in feces (Figure 1)
[39, 52, 53].

Regarding those differences, it could be assumed that feces are presented as a more
convenient sample for a dietary practice evaluation, whereas urine would facilitate the
identification of a punctual transgression and would require multiple samples to assess
routine diet. As a counterpoint, it is convenient to bear in mind that patients and
laboratory professionals are often reluctant to collect and use stool samples, and that
for the optimal use of urine, the time relationship between the expected gluten
exposure and sample collection must be considered.

In addition, visualizing these generalized behaviors, recommendation of use based
on time and the amount of gluten ingested/GIP detected have been generated to help
for a better understanding and interpretation of the results obtained [52, 53].

Likewise, it is necessary to understand that each individual works as a different
bioreactor and that, although certain behavior patterns can be established, not every-
one will do it in the same way. However, there will be certain factors that can be
controlled to reduce this inter-individual variability, such as fluid intake or time of the
day to collect the samples [52].

6. What would be a practical strategy for assessing adherence by using
GIP determinations?

The presence of GIP, either in a urine or stool sample, is a direct indicative that a
gluten intake has been committed in the previous hours or days to the sample collec-
tion, respectively [52, 53, 70].

The frequency (daily or occasional), the amount of immunoactive gluten to which
a celiac is exposed, and the individual sensitivity to GIP have a direct impact on the
recovery of the gastrointestinal mucosa.

The dynamic of GIP excretion, average harmful gluten exposure (0.1–0.5 g daily
gluten intake for celiac population), distribution of daily meals, analytical sensitivity
of the immunoassays, individual variability in metabolisms and habits, studies of
correlation of GIP multitesting results with villus atrophy, practical issues and statis-
tical analysis of the results, have been considered to propose protocols of the assess-
ment GFD adherence tests and interpretation of the results with the two kind of
samples [30, 33, 52, 53, 57].

Urine GIP: Determination of the presence/absence of GIP in three different urine
samples a week, collected with an interval of two days, and at least one of the three
having been collected on a weekend. The work led by Ruiz-Carnicer et al., where 77
celiac patients who had been on at least a two-year GFD participated, showed that
urine tests had a diagnostic sensitivity of 94.4% regarding villous atrophy when the
three urine samples collected during the same week had GIP presence. Two out of
three of those urines were collected at the weekend, Saturday, and Sunday, and the
third one on the day of the medical visit. With this protocol, negative predictive
values for intestinal mucosa recovery of 3/3 negative urine GIP reached 97% in this
study [39, 52].

Fecal GIP: Determinations of GIP presence/absence in two different stool samples
a week, collected with an interval of three to four days, and at least one being
representative of the consumptions during the weekend [70–73].
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Thus, the studies carried out have made it possible to establish different degrees of
adherence to treatment according to the number of samples in which GIP have been
found, making three classifications: “excellent adherent,” “good adherent” or “poor
adherent” [39].

ELISA tests allowed to establish a GIP concentration value for the stool samples,
and it has been stipulated that the finding of values higher than 0.6 μg GIP/g feces
point to poor adherents which may increase risk of villus atrophy [71, 72].

If it is understood that humans are animals of habits and customs, the determina-
tion of GIP in three urines or two stools in the same week, is a practical and objective
procedure to perform assessment of the celiac patient’s adherence to the treatment.
GIP detection allows to distinguish the degree of compliance of the patient to the
prescribed diet, and predict its probability to cure or remission, probably even before
long-term damage. Furthermore, several studies have showed that the repeated pres-
ence of GIP correlated higher with the duodenal mucosal damage than the traditional
tools for monitoring adherence to the GFD such as serology, symptomatology, or
dietary questionnaires [39].

In conclusion, GIP determinations, following a clinical validated protocol,
appear to be a cost-effective, non-invasive, objective and straight forward strategy
to assess GFD adherence. In addition, it may allow to predict with some accuracy
when the gluten ingestion has been committed, which may enable to identify the
source of gluten contamination. That information would serve to prevent future
repetition of gluten exposure, improving the chances for a full GFD adherence and
complete intestinal mucosa recovery. The GIP presence in human excretions is the
direct evidence that the cause of the toxicity in CD, the gluten peptides, has been
circulating in the patient body. At this point, does it makes sense to investigate
alternative endpoints to proof deficiencies in the dietary treatment of the celiac
disease?
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Appendices and Nomenclature

ADHD attention deficit hyperactivity disorder
ASD autistic spectrum disorder
anti-AGA Anti-gliadin antibody
anti-EMA anti-endomysial antibody
anti-tTG anti-tissue transglutaminase

31

Current Trends in the GFD Follow-Up
DOI: http://dx.doi.org/10.5772/intechopen.109954



CDAT Celiac Dietary Adherence Test
CD Celiac Disease
ELISA Enzyme linked immunosorbent assay
ESPGHAN The European Society for Pediatric Gastroenterology Hepatology and

Nutrition
GF Gluten Free
GFD Gluten Free Diet
GI Gastrointestinal
GIP Gluten Immunogenic Peptides
IL-2 Interleukin-2
LFIA Lateral flow immunoassay
LC-MS Liquid chromatography–mass spectrometry
LLoQ Lower limit of quantification
ULoQ Upper limit of quantification
POCT Point-of-care testing
SPR Surface plasmon resonance
TG2 anti-tissue transglutaminase type 2
Vh:Cd Villous height: crypt depth ratio
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Abstract

Celiac disease (CD) is a chronic autoimmune disorder of the small bowel that is 
triggered by exposure to dietary gluten. In paediatric, CD commonly presents with 
intestinal manifestations, while in adults, many present with more subtle symptoms 
and extraintestinal manifestations, such as anaemia, fatigue, dermatitis, and head-
aches. The main scope of this chapter is to explore and present the prevalence of CD 
worldwide as well as trends in diagnosis over recent years. The prevalence of CD is 
approximately 0.5–1% in different regions of the world. However, exact prevalence 
rates may vary substantially in specific populations. Although CD was formerly 
believed to affect solely individuals of European ancestry, more recent studies 
indicate that the disease may have been either under-reported or undiagnosed in 
other populations. Moreover, it is possible that the increasing popularity of Western 
dietary practices may have an impact on the recent trend of increased rates of CD in 
non-Western populations. Certain population groups are also at high risk of develop-
ing CD, including first- or second-degree relatives of individuals with CD and those 
with diabetes or autoimmune disorders. Serological screening and HLA typing are 
therefore highly recommended for asymptomatic children in whom such risk factors 
are present.

Keywords: celiac disease, gluten, epidemiology, diagnosis, celiac disease trends

1. Introduction

Celiac disease (CD), also known as gluten-sensitive enteropathy, is a chronic 
autoimmune disorder characterised by mucosal inflammation of the small intestine, 
villous atrophy, and crypt hyperplasia. It is triggered by exposure to dietary gluten 
and related proteins in genetically susceptible individuals [1]. Gluten is the major 
protein found in cereals, including wheat, rye, and barley, and possibly oats [2]. 
Manifestations of CD are typically classified as either intestinal or extraintestinal. 
Common intestinal manifestations include diarrhoea or constipation, loss of appetite 
and weight, bloating, flatulence, abdominal pain, and nausea/vomiting [3]. However, 
many patients may present with extraintestinal manifestations, such as anaemia, 
fatigue, loss of bone density, dermatitis, ulcers, and headaches [3, 4].

Because CD can have such a heterogenous and vague clinical presentation, in 
which some manifestations may present at different ages or overlap with other, 
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unrelated disorders, many individuals often go undiagnosed [4]. Human leukocyte 
antigen (HLA) tests are utilised as markers of CD, as approximately 98% of individu-
als with CD are either HLA-DQ2- or HLA-DQ8-positive [5]. For a definitive diagnosis, 
an upper oesophagogastroduodenoscopy with a small bowel biopsy should be per-
formed for any patients with positive serology or for those with a high probability of 
having the disease (>5%), regardless of serology results [6]. The main intervention 
for CD is a lifelong commitment to a gluten-free diet.

2. Epidemiology

The prevalence of CD has been estimated to range from 0.5–1% in different 
parts of the world [7]. Mass screening for CD in four general European populations 
revealed a prevalence of 1% [8]. On the other hand, information regarding the preva-
lence of CD in the Middle East and among Arab populations is scarce and primar-
ily based on small-scale studies [9]. Interestingly, research shows that there is an 
increased prevalence of CD among women compared to men, with a male-to-female 
ratio of 1:2.8, thereby indicating that women are diagnosed two to three times more 
frequently than men, [10–12] except in the young and elderly in which there is a more 
equal sex distribution [13]. However, in population-based screening studies, males 
and females appear more evenly affected, [14, 15] suggesting either gender-based 
differences in the severity of symptoms or in terms of access to health care. Indeed, a 
previous study has shown that men demonstrate greater evidence of severe illness at 
presentation compared to women [12].

Historically, CD was believed to be limited only to Europeans or people of 
European origin (i.e., North Americans and Caucasian Australians); however, 
advances in the availability of serological testing for CD—for instance, anti-gliadin 
antibody (AGA), anti-endomysial antibody (AEMA), and anti-transglutaminase anti-
body assays—have shown that CD is common not only in those of European ethnicity, 
but also those originating from developing countries in which the major dietary staple 
is wheat [16, 17]. Epidemiological research conducted in areas thought to be free of 
CD, including the Middle East, South Asia, Africa, and South America, has indicated 
that the disease was previously under-diagnosed in these regions [18].

The recent increase in the frequency of CD diagnoses in these areas can be also 
explained by growing uptake of Western breastfeeding and dietary practices (i.e., 
either short-lived or absence of breastfeeding and early weaning in infanthood 
combined with a greater amount of gluten intake thereafter). This suggests that many 
individuals may have a genetic predisposition to CD, but that clinical presentation 
only occurs when there is sufficient gluten present in the diet [13]. Because CD is 
the result of an interaction between both genetic (with regards to both HLA- and 
non-HLA-associated genes) and environmental factors (i.e., exposure to and levels 
of consumption of gluten-containing grains), it would be reasonable to evaluate the 
global distribution of these two components in order to identify specific areas and 
populations at risk for CD [19].

2.1 Europe

Several epidemiological studies performed in Italy have indicated that the 
prevalence of CD ranges from 0.2% to 0.74% [20–23]. However, studies from 
other European nations, including the United Kingdom, Sweden, Finland, and the 
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Netherlands have reported slightly higher prevalence rates, ranging from 1.0% to 
2.0% [24–29].

2.2 North America

In the United States, the prevalence of adult CD is believed to be 0.95%, a rate 
similar to that reported in Europe, whereas the prevalence of paediatric CD has been 
calculated at 0.31%, with an overall prevalence ranging from 0.69% to 0.75% [14, 30, 
31]. However, the prevalence of CD increases to 1.01% among non-Hispanic whites, 
with blacks and Hispanics in the United States showing considerably lower rates of 
CD at 0.3% and 0.2%, respectively [30, 32].

2.3 South America

The prevalence of CD in South America varies considerably between countries, 
despite their geographic proximity. In general, the prevalence of CD among Latin 
Americans is similar to that reported in Europeans. Overall, CD in Latin American 
populations is frequent and is primarily reported in populations and regions with 
Caucasian ancestry. Nevertheless, in certain countries with substantial Caucasian 
ancestry, such as Uruguay, the exact prevalence of CD remains unknown [33]. Studies 
conducted in Brazil have reported a prevalence of 1.5% in healthy blood donors [34, 35]. 
In an urban area of Argentina, the overall prevalence rate of CD among 2000 adults in 
the general population was 1:167, with the prevalence in women double that of men [36].

2.4 North Africa

In African populations, specifically in the Northern region of Africa, including 
Morocco, Algeria, Tunisia, Libya, and Egypt, the incidence of CD is very high and the 
disorder has been reported both in the general population and among at-risk groups 
[37–39]. Serological screening of 2500 Tunisian healthy blood donors showed that 
the prevalence of AEMAs in the general population was 1:355, which is close to that 
of Europeans. These high frequencies are not surprising given that wheat and barley 
are major staple foods in these countries and because there is high frequency of the 
HLA-DR3/DQ2 CD-predisposing haplotypes in these populations [38].

Another population in North Africa with an elevated prevalence of CD is the 
Saharawi people native to the western part of the Sahara desert; these individuals, many 
of whom live as refugees in Algeria, are of Arab and Berber origin and traditionally show 
a high degree of consanguinity. The elevated prevalence of CD in this population may be 
explained both by genetic factors, as the Saharawi population has a very high frequency 
of the HLA-DR3/DQ2 haplotype, and by environmental factors, because of changes 
in their dietary habits over the last few decades. For example, rates and duration of 
breastfeeding have been reduced and large amounts of gluten are now being consumed 
by infants and children in early life as part of their staple diet, due to food aid being 
supplied by Western countries as part of ongoing humanitarian programmes [40].

2.5 Asia

In the Asian Pacific islands (i.e., Indonesia, South Korea, and the Philippines), 
CD is likely to be rare because of the low wheat consumption in these populations 
and the low frequency of the HLA-DQB1*02 haplotype. In turn, in Southeast Asia, 
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the HLA-DQB1*02 haplotype is often present in more than 5% of the population, 
but CD is nevertheless still predicted to be rare, as staple diets are traditionally 
based on rice [41]. In China, CD was previously thought to be uncommon; however, 
recent  serological testing of adolescents and young adults in areas in which wheat 
is a dietary staple has indicated that the prevalence of the disorder may be as high 
as 0.76% [42].

2.6 The Middle East

Until the 1990s, CD was considered to be very rare in the Middle East. However, 
with the introduction of AEA and AGA testing, CD has been more readily reported 
from developing Middle Eastern countries at a rate similar to that of Western 
countries [43–46]. However, this prevalence varies from 0.6% to 1.17% in low-risk 
populations, and from 2.4–19% in high-risk populations [47]. The prevalence of CD 
in Middle Eastern countries among low-risk populations is similar to that reported 
in Western countries, but is higher in high-risk populations, such as those with type 
1 diabetes mellitus (T1DM). The frequency of the disorder is likely underestimated 
because of the lack of clinical suspicion and low patient awareness of the disease and 
its symptoms in this region of the world [47].

3. Trends over recent years

Over the last 50 years, the incidence of CD has steadily risen, and this may be only 
in part attributed to heightened clinician awareness and the advent of serological 
studies that can detect cases of what used to be subclinical disease. Environmental 
factors, such as gluten intake in infanthood, infections, and socioeconomic status may 
also play a role [48]. Serological screening studies have shown a dramatic increase 
in CD serology positivity over time [49–52]. In a study by Rubio-Tapia et al., the 
researchers reported a four- to five-fold increase in CD over 50 years; [28] in addi-
tion, the prevalence of the disease appears to increase with age from 1% in children to 
2.45% among an elderly cohort in Finland [28, 52].

Nonetheless, it remains true that the bulk of those with CD continue to go 
undiagnosed [24, 53]. Moreover, the rate of diagnosis varies in different countries, 
with a high in Finland in which about 70% of those with CD are diagnosed, [54] 
compared to the United States in which only 5% are diagnosed [53]. However, even 
within the United States, the rate of diagnosis has begun increasing in both adults 
and children [55, 56].

4. Risk groups

The prevalence of CD, as detected by screening programmes using specific anti-
bodies, is substantially increased in several risk groups as compared with the general 
population. High-risk groups for CD include: first-degree relatives of individuals 
with CD (range: 5% to 7.5%), second-degree relatives of individuals with CD (range: 
2–3%), and individuals with T1DM (range: 5–10%), Down syndrome (range: 5–12%), 
or autoimmune thyroid disease (range: 2–7%); in addition, CD is also associated with 
Turner syndrome (range: 4–8%), Williams syndrome, and selective immunoglobulin 
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A deficiency (each with 8% risk) [14, 57–63]. Thus, because of their increased risk, 
routine screening for CD is recommended in asymptomatic children with these 
conditions.

The overall prevalence of CD is highly dependent on HLA-DQ2/DQ8 typing 
and gluten consumption. Individuals with positive HLA typing for CD have a high 
chance of developing symptoms when consuming high amounts of gluten. Moreover, 
those with diabetes, autoimmune disorders, or who are relatives of individuals with 
CD have an even higher risk of developing CD, since they also share the same HLA 
typing [7].

5. Conclusions

Globally, the prevalence of CD ranges from approximately 0.5–1% in different 
regions of the world. However, exact prevalence rates may vary substantially in 
specific populations. Although CD was formerly believed to affect solely individu-
als of European ancestry, more recent studies indicate that the disease may have 
been either under-reported or undiagnosed in other populations. Moreover, it 
is possible that the increasing popularity of Western breastfeeding and dietary 
practices may have an impact on the recent trend of increased rates of CD in non-
Western populations. Certain population groups are also at high risk of developing 
CD, including first- or second-degree relatives of individuals with CD and those 
with diabetes or autoimmune disorders. Serological screening and HLA typing 
are therefore highly recommended for asymptomatic children in whom such risk 
factors are present.
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Chapter 5

The Role of the Gluten-Free Diet in 
the Development of Malignancies 
in Celiac Disease
Maiara Botosso, Renatta Damasceno and Priscila Farage

Abstract

Celiac disease (CD) is an autoimmune disorder that can lead to serious health conse-
quences, including cancer. The gluten-free diet (GFD) is the primary treatment for CD 
and has been shown to lead to clinical remission of the disease. However, the effect of 
the GFD on cancer development in CD patients is not well understood. This narrative 
review analyzed observational studies investigating the association between cancer 
development and adherence to the GFD in CD patients. The most common cancer 
identified was non-Hodgkin’s lymphoma, followed by others such as colon carcinoma 
and thyroid cancer. Late diagnosis, type of cancer, and type of CD were factors relevant 
to the protective role of the GFD. However, there is still no consensus in the scientific 
literature regarding the GFD’s role in cancer development in CD. While some studies 
suggest a protective role, others have not identified an association between the GFD 
and cancer. More research is needed to understand the relationship between the GFD 
and cancer development in CD patients. Nonetheless, the GFD is essential for the clini-
cal, serological, and histological remission of CD and improved quality of life.

Keywords: celiac disease, malignancy, cancer, gluten-free diet, gluten

1. Introduction

Celiac disease (CD) is an autoimmune systemic disorder with multiple clinical 
manifestations triggered by the ingestion of gluten in genetically predisposed individ-
uals [1]. The only available effective treatment so far consists of excluding gluten-pro-
tein fractions found in wheat, rye, barley, and hybrids like kamut and triticale—from 
the diet [2]. CD may occur at all ages and present a variety of signs and symptoms 
such as stunted growth/short stature, weight loss, abdominal pain, diarrhea/constipa-
tion, irritability, osteoporosis, iron-deficiency anemia, among others [3]. Moreover, 
CD has been associated with increased mortality due to long-term complications such 
as lymphoproliferative malignancy [4].

Cancer is defined as a chronic multifactorial disease characterized by the uncon-
trolled growth of cells, and it represents the second leading cause of death worldwide, 
with the expectation that the number of cases will increase significantly in the coming 
decades [5, 6]. One of the most serious possible complications of CD is the development 
of malignancies. In a retrospective population-based cohort in Sweden, Lebwohl et al. [4] 
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evaluated the association between CD and mortality risk in 49.829 patients compared to 
control participants in the general population matched by age, sex, county and calendar 
period (n = 246.426). The authors found that CD patients displayed increased risk of 
death from cancer (2.7 vs. 2.2 per 1000 person-years; HR, 1.29 [95% CI, 1.22–1.36]).

The precise risk of malignancy in adult celiac patients is difficult to assess. 
However, studies indicate that untreated patients with severe histological intestinal 
damage are more susceptible to developing cancer [2]. In the retrospective cohort 
study by Ludvigsson et al. [7], the mortality in CD was examined according to 
small-intestinal histopathology. The authors identified the highest hazard ratio (HR) 
in the first year after biopsy with an HR of 3.78 for death due to malignancy (95% CI, 
3.14–4.55). After 5 years of follow-up, death from malignancy was only moderately 
increased (HR, 1.17; 95% CI, 1.03–1.33), which might be explained by the longer 
duration of treatment at this point, as mucosal inflammation may persist up to a year 
after implementation of the gluten-free diet (GFD).

The benefits of the GFD on the health and clinical manifestations of CD patients 
are well established in the literature. A large proportion of these individuals respond 
completely to the GFD and have a normal life expectancy. However, variables such as 
late diagnosis, advanced age and low adherence to the GFD represent risk factors for 
the development of disease complications [8]. Although it may seem simple to remove 
gluten from the diet, CD treatment may be compromised due to lack of widespread 
availability of gluten-free products, their high cost, the risk of cross-contamination, 
the social burden caused by the restrictive nature of the diet, among other factors. 
Together, these variables may lead to low adherence to the GFD [9].

In a recent study, Marafini, Monteleone and Stolfi [10] suggested that since non-
adherence or non-responsiveness to the GFD may lead to chronic inflammation of 
the small intestine, it is tempting to speculate that a gluten-containing diet in celiac 
patients could promote the activation of immune/inflammatory signals and ulti-
mately favor the onset or progression of lymphomas and intestinal carcinomas.

Although CD is a common condition with potentially serious health consequences, 
including cancer, very few studies specifically address the GFD as a possible protec-
tive factor in the development of malignancies in celiac individuals. Therefore, this 
narrative review discusses the role of the GFD in the onset of malignancies in CD, 
prevalence and characteristics of the main types of cancer found in these patients and 
the importance of the diet to the treatment and prevention of complications.

2. Methods

The literature search was carried out in 2022 and updated in 2023 for articles that 
analyzed the role of the GFD in the development of malignancies in patients with 
CD. No time restrictions were applied for publication date. The following electronic 
databases were used: Scielo (Scientific Electronic Library Online), Lilacs (Latin 
American and Caribbean Centre on Health Sciences Information), Pubmed (US 
National Library of Medicine—National Institutes of Health), Google Scholar and the 
Brazilian Digital Library of Theses and Dissertations. The search was conducted by 
two researchers independently and without conflicts of interest.

The keywords used were “coeliac/celiac disease”, “cancer”, “malignancy”, “neo-
plasm”, “lymphoma”, “gluten-free diet”, “dietary adherence”, and corresponding 
terms in Portuguese and Spanish. The Boolean operators AND and OR were used to 
combine the descriptors.
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Original articles (observational studies: cross-sectional, case control and cohort) that 
investigated a possible association between the occurrence of malignancies and adher-
ence or not to a GFD in patients with CD were included in this review. The following 
exclusion criteria were applied: (i) reviews, letters, conference summaries, case reports 
and books; (ii) studies that did not evaluate the GFD in the context of cancer develop-
ment and (iii) studies that did not follow the criteria recommended by the European 
Society for Paediatric Gastroenterology Hepatology and Nutrition for the diagnosis of CD 
(characteristic mucosal changes observed by intestinal biopsy and serological testing).

For the selection of articles, all the abstracts were read and the ones that met the 
inclusion criteria were chosen. Studies were analyzed according to the year of publi-
cation, origin country, aim, study design, sample characterization, main results and 
conclusions regarding the role of the GFD in the onset of cancer in patients with CD.

3. Results and discussion

After reading, analyzing and excluding studies that did not meet the established 
criteria, eight articles were selected to compose this review (Figure 1).

The general characteristics and main data of the studies are described in Table 1.
The articles included in this review were published between 2003 and 2014. One 

study was conducted in Argentina, one is from the United States, one from Sweden, 
and five are from Italy. Regarding the design of the studies, four were prospective 
cohorts, two retrospective cohorts, one case control and one retrospective case control. 
All screened articles were extracted from the PubMed database and written in English.

The American study by Green et al. [11] aimed to estimate the risk of malig-
nancy in a cohort of patients with CD compared to the general population of the 
United States and to determine whether a GFD would be protective in this regard. 

Figure 1. 
Flow diagram of literature search and selection criteria.
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Participants were treated between July 1981 and January 2000 at the New York 
Presbyterian Hospital, which has a reference center for CD. Adherence to the GFD 
was questioned at the initial contact and at subsequent visits by an investigator, with 
no further details on the content of the questions. The frequency of conscious/volun-
tary gluten ingestion in the previous month was evaluated.

Among a total of 381 patients, 64% were women (n = 245). During the study 
period, 3.4% of participants died (n = 13), eight of them due to cancer. A total of 
11.3% (n = 43) were diagnosed with malignancy: nine after CD diagnosis, seven 
within a month of diagnosis and 27 before diagnosis. The most common neoplasm 
identified was non-Hodgkin’s lymphoma (NHL) (n = 9), followed by breast cancer 
(n = 5), melanoma (n = 5), small intestine (n = 3), colon (n = 3), esophagus (n = 3), 
lung (n = 3), chronic lymphocytic leukemia (n = 2), ovarian (n = 2) and cervical 
cancer (n = 2). The study results revealed an increased risk of malignancy in patients 
with CD compared to the general population of the United States. This finding is 
consistent with European studies that reported higher rates of cancer of the small 
intestine, esophagus and lymphoma among individuals with celiac disease [19].

It is important to emphasize that most of these cancer cases occurred before the 
diagnosis of CD, and a late diagnosis means longer exposure of the patient to dietary 
gluten. However, an increased risk of NHL was identified among participants despite 
their strict adherence to a GFD for about 5 years. Thus, the authors suggest that the 
increased risk for cancer in general occurs before the diagnosis of CD and that it 
may be reduced with compliance to the GFD. The risk of non-Hodgkin’s lymphoma, 
however, appears to persist despite adequate dietary treatment [11].

In 2007, Silano and colleagues published a study which may be compared to the 
work by Green et al. [11]. The objective was to evaluate whether the late diagnosis of 
CD and the consequent prolonged dietary exposure to gluten would increase the risk 
of developing neoplasia. The study population consisted of patients diagnosed with 
CD at the Italian Gastroenterology Centers between January 1982 and March 2005. A 
total of 1968 individuals were included, of whom 1485 were women (75.4%), with a 
mean age at CD diagnosis of 36.2 ± 13.8 years [12].

Among 1968 patients, 55 were diagnosed with cancer (2.09%) either before or 
simultaneously with the diagnosis of CD, compared to 42.1 expected cases, with a stan-
dardized morbidity ratio (SMR) of 1.3 (95% CI = 1.0–1.7). The most frequent malignant 
neoplasm was gastrointestinal non-Hodgkin lymphoma (n = 20), followed by colon 
carcinoma (n = 7), adenocarcinoma of the small intestine (n = 5), Hodgkin lymphoma 
(n = 4) and stomach and breast carcinomas (n = 3). Other tumor locations included 
liver, lung, ovary, thyroid cancer and myeloma (two cases each) and acute leukemia, 
melanoma and uterus (one case each). No patient developed two or more cancers [12].

The mean age at CD diagnosis for patients who developed cancer was 
47.6 ± 10.2 years, which was significantly higher than the age at CD diagnosis for 
patients who did not develop malignancies (28.6 ± 18.2 years). Therefore, this study 
suggests that the GFD is a likely protector against the development of malignancies 
in CD patients, as the older the age at CD diagnosis, the longer the exposure time to 
gluten and the higher the risk of cancer [12].

Enteropathy-associated T-cell lymphoma (EATL) is a term proposed by [20] to 
describe the rare form of high-grade non-Hodgkin T-cell lymphoma of the upper 
small intestine associated with CD. Subsequently, in 1989, Holmes and colleagues 
pointed out that celiac patients have a high risk of developing malignancy, particu-
larly lymphoma. That is corroborated by the findings of studies such as the one 
from Green et al. [11] and Silano and colleagues (2007), where the most common 
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malignancy identified was non-Hodgkin lymphoma. In this context, Silano et al. [13] 
conducted another study with a different cohort to evaluate whether strict adherence 
to the GFD would reduce the risk of developing EATL [13].

The study sample consisted of 1757 patients diagnosed with CD between January 
1982 and December 2006. Information about adherence to the GFD was obtained 
through interviews. Participants were classified into four groups according to the degree 
of gluten exposure reported in the interview. The first group comprised of patients who 
strictly followed the GFD; the second group was composed of patients who consumed up 
to four gluten-containing meals per month; the third group consumed five to ten gluten-
containing meals per month; and the fourth group consumed more than 10 gluten-
containing meals per month. Most patients (n = 1113) reported complete adherence to 
the GFD, belonging to the first group (63.4%); 16.9% were classified in the second group 
(n = 296); 9.8% in the third group (n = 172) and 9.9% in the fourth group (n = 173) [13].

A total of nine patients developed LTAE while the expected number, according to 
the RMP, was only 1.4. Among these individuals, only four followed a strict GFD after 
the diagnosis of CD. The authors mentioned that the risk of developing intestinal 
lymphoma is related to the presence of gluten in the diet, regardless of the number of 
gluten-containing meals:

“It is likely that the chronic stimulation of T-cells in celiac small-bowel mucosa, 
one of the mechanisms that are supposed to lead to the development of lymphoma, 
is induced even by a small amount of gluten, and therefore a few monthly dietary 
indiscretions are sufficient to induce the carcinogenic stimulation.”

This raises concerns about the possibility of patients withholding information 
during a consultation due to fear of admitting that they are not following the doctor’s 
or other healthcare professional’s advice. Omitting just one meal containing gluten 
per month, for example, may be harmful to the patient in a situation like this. In 
conclusion, the study pointed out that strict adherence to a GFD is protective against 
the development of gastrointestinal lymphoma. The authors highlight that individuals 
with CD should be adequately educated on the importance of complying with a GFD 
to prevent the appearance of this neoplasia [13].

In 2009, Tursi and colleagues investigated a different aspect from what had been 
evaluated in the previous studies mentioned above. The researchers explored the 
manifestation forms of CD (classic, subclinical and silent CD) while evaluating the 
incidence of malignant and non-malignant complications in a cohort of celiac patients 
on a GFD. The authors also assessed whether the occurrence of complications was 
related to non-adherence to the diet. The definitions used for the classification of 
CD were those of Green and Cellier [21], which state that classic CD is character-
ized by the presence of gluten-sensitive enteropathy with gastrointestinal symptoms 
(abdominal pain, diarrhea, weight loss and malabsorption syndrome). Subclinical 
CD refers to the presence of gluten-sensitive enteropathy with extraintestinal symp-
toms (iron-deficiency anemia, alopecia, recurrent abortion, among others) and the 
absence of gastrointestinal symptoms. The silent form of CD refers to the presence 
of gluten-sensitive enteropathy without any symptoms identified through screening 
of high-risk groups (first-degree relatives of celiac individuals, patients with insulin-
dependent diabetes, down syndrome and thyroid disorders) [14].

The sample consisted of 549 Italian patients with CD, included between 1993 
and 2006. Adherence to the GFD was evaluated according to an arbitrary quantita-
tive scale based on the patient’s interview, considering whether there were: no food 
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transgressions, less than one food transgression per month or more than one food 
transgression per month since the time of diagnosis. Regarding the form of CD 
manifestation, 251 patients (45.72%) presented the classic form of the disease, 262 
(47.72%) the subclinical form and 36 (6.56%) the silent form. Regarding compliance 
to GFD, 381 patients (69.4%) were fully compliant, 112 patients (20.40%) reported 
less than one food transgression per month, and 56 patients (10.20%) reported at 
least one food transgression per month [14].

Eighteen patients developed complications while on a GFD, with 14 of them 
diagnosed with classical CD (77.7%) and four with subclinical CD (22.22%). None of 
the patients with silent CD presented complications. The most registered complica-
tions were neoplasms, observed in seven patients (38.89%). Unlike the findings of 
the previously mentioned studies, the most common malignancy was not EATL, but 
rather adenocarcinoma of the small intestine with three cases (n = 3), followed by 
EATL with two cases (n = 2) and colon carcinoma and mucosa-associated lymphoid 
tissue (MALT) lymphoma, both with one case each (n = 1). Among individuals with 
malignancies, six had classical CD, and only one had subclinical CD [14].

Regarding the GFD in patients who developed some type of cancer, results showed 
that three were compliant with the dietary treatment of CD, while four were not. The 
authors suggest that adherence to the diet does not seem to be a strong risk factor 
in the development of complications in celiac patients. Instead, the form of CD 
manifestation at the time of diagnosis appears to be more important in determining 
complications, such as in the case of classical CD, where the risk of severe endoscopic 
and histological damage is higher than in the subclinical and silent forms [14].

In Sweden, Olén et al. [15] also investigated CD characteristics and GFD compli-
ance in regards to the risk of lymphoma. In this case-control study, 59 individuals with 
CD and lymphoma were identified as cases, and 137 controls which had only a CD 
diagnosis were matched from a population cohort of 11,650 patients. The degree of 
adherence to the GFD was evaluated through recorded information (by the patient’s 
nutritionist or physician from CD diagnosis until the end of follow-up) available in 
the medical records. The degree of GFD compliance was defined as: (i) good compli-
ance (strict adherence to the GFD); (ii) low compliance (occasional exceptions or 
when the patient did not comply to the GFD) and (iii) compliance unknown (medical 
records did not contain or had scarce information about the patient’s diet) [15].

About 59% of the patients were female (n = 115), and the median age at CD 
diagnosis was 61 years. There was only one case of Hodgkin lymphoma, while 58 
cases of non-Hodgkin lymphoma (NHL). Among the NHL cases, 57% were T-cell 
type (n = 33), 28% were B-cell type (n = 16), and 15% were unspecified NHL (n = 9). 
Regarding the location of both Hodgkin lymphoma and NHL, 51% (n = 30) were 
intestinal, and 42% (n = 27) were extraintestinal. Concerning the degree of compli-
ance with the GFD, 34 (58%) patients in the case group had good compliance, 16 
(27%) had poor compliance, and 9 (15%) had compliance unknown. Among the 
control group patients, 92 (67%) had good compliance, 27 (20%) had poor compli-
ance, and 18 (13%) had compliance unknown [15].

No statistically significant risk of lymphoma in general was found in patients with poor 
compliance with the GFD. However, individuals with a history of weight loss at the time 
of CD diagnosis had an increased risk of lymphoma years after this diagnosis. The authors 
suggest that this may indicate that patients with more severe CD and more pronounced 
inflammation resulting in weight loss have a higher risk of developing lymphoma [15].

In 2011, Volta, Vicentini and Silano [16] conducted a prospective analysis of the 
risk of papillary thyroid carcinoma in celiac patients. The study sample included all 
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individuals with CD diagnosed at the Collaborating Centers of the Italian Registry 
of Celiac Disease between January 1982 and December 2006. A validated form was 
completed for each patient including demographic data, possible occurrence of 
thyroid disease and adherence to the GFD. Dietary exposure to gluten was expressed 
in numerical values from 1 to 4 as follows: “1” for patients who did not consume meals 
containing gluten, “2” for patients who consumed up to 4 meals containing gluten per 
month, “3” for patients who consumed 5 to 10 meals containing gluten per month, and 
“4” for patients who consumed more than 10 meals containing gluten per month [16].

Among the 1757 participants, most were women (n = 1314, 74.7%). The mean age 
at CD diagnosis was 38.6 ± 12.6 years. A total of six patients were diagnosed with the 
papillary form of thyroid carcinoma, five of whom were women [16]. The fact that 
most celiac patients who develop papillary thyroid cancer are female reinforces that 
both CD and thyroid cancer are more frequent among women [21]. When analyzing 
the results of this study, it is important to consider that the age at CD diagnosis in 
patients who developed thyroid carcinoma did not differ statistically from the age 
of those who did not develop this type of cancer. Moreover, only one patient with 
carcinoma exhibited poor adherence to the GFD, while the other five had excellent 
compliance. These findings suggest that early diagnosis of CD and strict adherence 
to GFD may not confer a protective effect against the development of thyroid malig-
nancy, contrary to what was reported in other studies [16].

In the multicenter retrospective case-control study conducted in four community 
hospitals in Buenos Aires, Pereyra et al. [17] aimed to determine the risk of colorectal 
neoplasia among celiac patients by quantifying the prevalence of colorectal polyps, 
adenomas and advanced neoplastic lesions (ANL) in comparison with healthy 
patients. Individuals with CD were considered cases, and those without CD were con-
trols. The time since diagnosis and adherence to the GFD were evaluated. To evaluate 
diet compliance, Biagi’s validated questionnaire [22] was used, which is based on four 
simple questions and provides a final score on five levels (0-IV) that are clinically 
grouped into three levels: (0) or (I) are individuals who do not follow the GFD; (II) 
are those who follow the GFD, but with significant errors that require correction; and 
those with a score of (III) and (VI) follow a strict GFD [17].

During the analyzed period, 118 celiac patients who underwent prior colonoscopy were 
identified and included in the study as cases, and 236 patients without CD were included 
as controls. The reason for the colonoscopy was the individual’s need to undergo it, which 
could have been for colorectal cancer (CRC) screening, which is a critical detail in the 
study. The average age of cases was 56 years. Regarding the GFD compliance of patients 
with CD, 65% (n = 76) followed a strict GFD (scores III or IV), 20% (n = 23) did not follow 
a strict GFD (scores 0 or I), and 15% (n = 17) followed a GFD, but with errors that require 
correction (score II). Concerning the time of CD diagnosis, 41% of patients had been 
diagnosed for 5 to 10 years (n = 48), 32% had the diagnosis for less than 5 years (n = 37), 
and 27% had more than 10 years of diagnosis (n = 31). The presence of polyps, adenomas 
and ANLs in patients with CD was 24 (20%), 18 (15%) and 3 (2.5%), respectively [17].

In this study, the prevalence of colorectal polyps, adenomas and ANLs in celiac 
patients was not significantly different from that in patients without CD. However, 
results showed that patients with CD who did not follow a strict GFD had an increased 
risk for adenomas. Since most patients CD adhered strictly to the GFD, it is uncertain 
whether the absence of risk for colorectal neoplasia would persist in a larger sample 
with a higher prevalence of non-adherence to the diet. In conclusion, the authors did 
not find a higher risk of CRC in patients with CD; however, non-adherence to a strict 
GFD was an independent predictor for the presence of adenomas [17].
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Finally, the Italian study by Volta et al. [18] aimed to describe the risk of colon 
carcinoma in a group of celiac patients. The study population consisted of patients 
diagnosed with CD at the Collaborating Centers of the Italian Register for Celiac 
Disease Complication between January 1982 and December 2006. A total of 1757 
patients were included in the study, of whom 74.8% were female (n = 1314), with 
a mean age of 38.6 years. Information on compliance with the GFD was obtained 
through interviews, and the sample was divided into four groups according to the 
monthly frequency of gluten-containing meals. A total of 1113 patients reported 
adherence to the GFD (63.4%), 296 consumed gluten-containing meals one to four 
times a month (16.9%), 172 consumed up to 10 gluten-containing meals a month 
(9.8%), and 173 followed an unrestricted diet (9.9%).

Six patients (four women and two men) developed colon carcinoma during the 
follow-up period. Among those, four followed the GFD strictly and two did not. 
The SMR (observed cases = 6; expected cases = 28.9) overall for colon carcinoma 
was 0.29 (95% CI = 0.07–0.45). The cases for this type of carcinoma observed 
within 1 year from the diagnosis of CD were incident cases. Therefore, excluding 
these cases from the analysis to avoid ascertainment bias, the SMR drops to 0.13 
(95% CI = 0.03–0.35) [18].

By stratifying the risk according to gluten intake, the SMR decreases even further 
to 0.07 (95% CI = 0.009–0.27) for CD patients who adhere strictly to the GFD. 
Furthermore, it is important to mention that all four patients who developed colon 
carcinoma, despite good adherence to the GFD, were diagnosed with CD at a much 
older age than the sample in this study (62.8 ± 8.2 vs. 38.6 ± 12.6; p < 0.05), which 
indicates that they maintained a gluten-containing diet for a longer time. In conclu-
sion, the authors suggest that CD patients have a lower risk of developing colon 
carcinoma compared to the general population. This risk decreases during the first 
year after CD diagnosis, and it is even lower for treated patients who strictly follow 
the GFD [18].

4. Conclusion

There is still no consensus in the scientific literature regarding the role of the GFD 
in the development of malignancies in celiac patients. Some studies suggest that the 
diet plays a protective role, while others have not found an association between diet 
and cancer. The most common type of cancer identified in the studies was non-Hodg-
kin lymphoma, specifically enteropathy-associated T-cell lymphoma, followed by 
others such as Hodgkin’s lymphoma, colon carcinoma, adenocarcinoma of the small 
intestine and thyroid cancer.

Late CD diagnosis, cancer type and classification of CD form were relevant to 
the outcomes related to the protective or non-protective role of the GFD. However, 
it is important to emphasize that the GFD is essential for the clinical, serological and 
histological recovery of CD patients, also affecting their quality of life, regardless of 
its effect on the development of neoplasms or not.

This review contributes in pointing out the scarcity of studies that investigated 
the relation between the GFD and the onset of malignancies in CD and highlights 
the need to expand research on this topic. In the future, when new articles on the 
subject are published, the development of a systematic review may provide support 
for healthcare professionals’ recommendations in the prevention of complications 
associated with CD.
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