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Preface 
During its 2.5 million years of evolution, the human species has evolved through major 

dramatic changes, mainly dictated by natural elements and, most importantly, by food 
availability. The diet of hunters and gatherers, hominids, was mainly based on fruit, vegetables, 
tubers, and occasionally meat and fish. Then, approximately 10,000 years ago, a drastic change in 
life style occurred, shifting from nomadic to settlers with domestication of animals and crops. A 
consequence of this change was the advent of wheat and other grains containing gluten-related 
proteins in human diet. This revolutionary transformation occurred at the Fertile Crescent, the 
modern-day Iraq, and spread from South to North and East to West at a speed of approximately 1 
km/year. Ever since, the distribution of food goods became more and more uneven with wealthy 
countries getting more than necessary, while poor countries struggle with malnutrition and 
consequently this increased mortality. Unfortunately, the industrial revolution, rather than closing 
the gap, created even more inequalities that still exist today, leading to very different but equally 
worrisome pathologies, namely obesity in industrialized countries and famine in developing 
countries. 

Beside nutritional problems secondary to quantitative imbalance, there are also nutritional 
pathologies triggered by specific dietary elements. Celiac disease (CD) is an autoimmune 
disorder occurring in genetically predisposed individuals, and triggered by the ingestion of 
dietary gluten, the major protein component in wheat, barley and rye. In many areas of the world, 
CD is one of the most common lifelong disorders affecting approximately 1% of the general 
population. Gluten is the typical example of a “friend” (food) becoming a foe (because it can 
cause an array of signs and symptoms in predisposed individuals). Gluten is a complex and 
ancient protein that represents the main component of wheat with a unique primary structure rich 
in proline and glutamine amino acid residues. For this reason, gluten is extremely difficult to 
digest. With more than 150,000 genes, wheat represents an extremely complicated component 
that evolved over the millennia to reach its present genetic and structural characteristics. The 
history of humans and the evolution of gluten related disorders are intertwined with the evolution 
of wheat and gluten: how they developed, how they continue to evolve, and how they affect 
humankind today around the world in a variety of gluten-related symptoms and disorders. 

Almost 2,000 years ago, Aretaeus from Cappadocia reported what is believed to be the first 
description of a case of CD. It would take approximately another 1,800 years before CD 
resurfaced in medical literature. This time it was a British doctor, Samuel Gee, who officially 
placed celiac disease on the medical map in 1861 when he gave a famous lecture in London that 
provided the first modern description of CD: 

“There is a kind of chronic indigestion which is met with in persons of all ages, yet is 
especially apt to affect children between one and five years old. Signs of the disease are 
yielded by the fæces [sic]; being loose, not formed, but not watery; more bulky than the 



food taken would seem to account for; pale in colour [sic], as if devoid of bile; yeasty, 
frothy, an appearance probably due to fermentation; stinking, stench often very great, the 
food having undergone putrefaction rather than concoction.” 

 
Following his medical intuition, Gee described celiac disease as a malabsorption syndrome 

triggered by some unidentified foodstuff. He was right on target with his description, but not on 
target with the culprit of the disease. Gee’s recommendation was to feed patients bread that was 
“cut thin and well toasted on both sides.” 

The real breakthrough that eventually led to the gluten-free diet as treatment came almost a 
century later thanks to the acumen of a Dutch physician, Willem-Karel Dicke. He noted that the 
mortality rate of children suffering from celiac disease before World War II decreased 
dramatically during the war from 30–35 percent to almost zero. Given the scarcity of wheat 
during the war, Dicke suspected that wheat flour was indeed responsible for the symptoms 
endured by the celiac children. He followed his intuition by performing a trial on a very limited 
number of children that proved him right. Since these pioneering studies and with the advent of 
specific and sensitive screening tools, we have appreciated that CD and other gluten related 
disorders are present worldwide and, like many other immune-mediated diseases, are increasing 
over time. 

Gluten sensitivity (GS) was originally described in the 1980s and a recently “re-discovered” 
syndrome entity, characterized by intestinal and extra-intestinal symptoms related to the ingestion 
of gluten-containing food, in subjects that are not affected by either CD or a wheat allergy. 
Following the landmark work by Sapone and coworkers, describing the clinical and diagnostic 
features of GS in 2010, a rapidly increasing number of papers have been published by many 
independent groups, confirming that GS should definitely be included in the spectrum of gluten-
related disorders. However, many aspects of GS epidemiology, pathophysiology, clinical spectrum, 
and treatment are still unclear. 

Treatment of CD and other gluten-relate disorders is based on the lifelong exclusion of gluten-
containing cereals from the diet. The changes needed to begin and maintain a gluten-free diet 
(GFD) are substantial and have a major impact on daily life. Over the past 30 years, 
developments in the nutritional aspects of CD have been huge. Nutrient deficiencies have been 
described in celiac patients both before and after diagnosis, due to intestinal malabsorption and 
specific limitations of the GFD, respectively. The relationship between the level of gluten intake 
and intestinal damage has been analyzed leading to new Codex Alimentarius recommendations 
on the gluten threshold in gluten-free food. Contamination with gluten of the GFD is an 
important issue in CD management. The spectrum of cereal toxicity for CD patients has been 
investigated with practical implications on the GFD. The nutritional quality of gluten-free food is 
constantly improving thanks to the new scientific approach in the technology of gluten-free wheat 
substitutes. 
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In this Nutrients Special Issue, a summary of contemporary issues on the management of CD 
and other gluten-related disorders is provided. This book capitalizes on the contribution of 
opinion leaders concerning the multidisciplinary ramifications of these disorders. We want to 
take this opportunity to thank all contributors to this book. This project would not have been 
possible without the expertise and invaluable contribution and technical support of the Nutrients 
editorial team. 

 
Carlo Catassi, Alessio Fasano 
Guest Editors 
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Abstract: Non Celiac Gluten sensitivity (NCGS) was originally described in the 1980s 
and recently a “re-discovered” disorder characterized by intestinal and extra-intestinal 
symptoms related to the ingestion of gluten-containing food, in subjects that are not 
affected with either celiac disease (CD) or wheat allergy (WA). Although NCGS 
frequency is still unclear, epidemiological data have been generated that can help 
establishing the magnitude of the problem. Clinical studies further defined the identity of 
NCGS and its implications in human disease. An overlap between the irritable bowel 
syndrome (IBS) and NCGS has been detected, requiring even more stringent diagnostic 
criteria. Several studies suggested a relationship between NCGS and neuropsychiatric 
disorders, particularly autism and schizophrenia. The first case reports of NCGS in 
children have been described. Lack of biomarkers is still a major limitation of clinical 
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studies, making it difficult to differentiate NCGS from other gluten related disorders. 
Recent studies raised the possibility that, beside gluten, wheat amylase-trypsin inhibitors 
and low-fermentable, poorly-absorbed, short-chain carbohydrates can contribute to 
symptoms (at least those related to IBS) experienced by NCGS patients. In this paper we 
report the major advances and current trends on NCGS. 

Keywords: gluten sensitivity; celiac disease; wheat allergy; gluten-related disorders; 
gluten-free diet 

 

1. Introduction 

Gluten sensitivity (GS) was originally described in the 1980s [1] and a recently “re-discovered” 
syndrome entity, characterized by intestinal and extra-intestinal symptoms related to the ingestion of 
gluten-containing food, in subjects that are not affected with either celiac disease (CD) or wheat 
allergy (WA). Following the landmark work by Sapone and coworkers, describing the clinical and 
diagnostic features of GS in the year 2010 [2], a rapidly increasing number of papers have been 
published by many independent groups, confirming that GS should definitely be included in the 
spectrum of gluten-related disorders. However, many aspects of GS epidemiology, pathophysiology, 
clinical spectrum, and treatment are still unclear. Given the recent increase of the gluten-free market 
worldwide, partially sustained by individuals who claim a medical necessity to undertake a 
gluten-free diet (GFD), there is a need of “separating the wheat from the chaff” [3]. This goal will be 
achieved by (a) proper scientific information, (b) shared definitions, and (c) prospective, multi-center 
studies addressing the many unsolved issues on GS. In order to develop a consensus on new 
nomenclature and classification of gluten-related disorders, a panel of experts first met in London, in 
February 2011. The panel proposed a series of definitions and developed a diagnostic algorithm that 
has been recently published [4]. 

After the 2011 London Meeting, many new papers have been published on GS. Although its 
frequency in the general population is still unclear, epidemiological data have been generated that 
can help establish the magnitude of the problem. Clinical studies further defined the identity of GS 
and its possible implications in human disease. An overlap between the irritable bowel syndrome 
(IBS) and GS has been suspected, requiring even more stringent diagnostic criteria. The first case 
reports of GS in children have been described. Lack of biomarkers is still a major limitation of 
clinical studies, making the differential diagnosis with other gluten related disorders, as well 
conditions independent to gluten exposure, difficult. 

Evaluation and discussion of this new information was the aim of a Second Expert Meeting on GS 
that was held in Munich, November 30–December 2, 2012. In this paper we report the major 
advances and current trends on GS, as presented and debated at the Munich meeting. 
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2. Nomenclature 

At least three papers have recently addressed the issue of defining gluten-related disorders [4–6]. 
Interestingly, one of these [4] ranks among the most frequently downloaded paper of the publishing 
journal (BMC Medicine), particularly by physicians, internists or general pediatricians, and directors 
of diagnostic labs. There is a general agreement that the term “gluten-related disorders” is the 
umbrella-term to be used for describing all conditions related to ingestion of gluten-containing food. 
CD is a chronic small intestinal, immune-mediated, enteropathy precipitated by exposure to dietary 
gluten and related prolamines in genetically predisposed individuals, characterized by specific 
autoantibodies against tissue transglutaminase 2 (anti-TG2) and endomysium (EMA). WA is an 
adverse immunologic reaction to wheat proteins. In the pathogenesis of WA, wheat specific IgE 
antibodies play a central role, however non-IgE-mediated WA does exist [7], and this form may be 
difficult to distinguish from GS. 

GS, which this review will focus on primarily, is a condition in which symptoms are triggered by 
gluten ingestion, in the absence of celiac-specific antibodies and of classical celiac villous atrophy, 
with variable Human Leukocyte Antigen (HLA) status and variable presence of first generation  
anti-gliadin antibodies (AGA). The “labeling” of this disorder was a matter of debate among the 
panel experts. In order to avoid confusion with CD, sometimes defined as gluten-sensitive 
enteropathy, “non celiac gluten sensitivity” (NCGS) appeared as an improved definition. Doubtless 
this is still too vague a terminology, simply reflecting the poor knowledge of the pathophysiology of 
this condition. As triggering cereal proteins could include fractions other than gluten (see Section 10 
below) some panelists were in favor of “non-celiac wheat (protein) sensitivity”, a terminology that 
would however conflict with the possibility that other gluten-containing cereals (rye, barley) may be 
offensive for the “gluten sensitive” patient. Bearing these limitations in mind, the experts’ panel 
agreed that this entity can provisionally be defined as NCGS, a definition requiring refinement in the 
future. 

3. Epidemiology 

The overall prevalence of NCGS in the general population is still unknown, mainly because many 
patients are currently self-diagnosed and start a GFD without medical advice or consultation. 
However, new data confirm that this is not an uncommon disorder at all. In a region of New Zealand, 
5% of children reported non-CD-related avoidance of gluten-containing food [8]. Gluten avoidance 
was associated with improvement of nonspecific behavioral and gastrointestinal complaints [9]. It 
remains to be elucidated how many children reporting gluten avoidance were indeed affected by 
NCGS, as the vast majority of the children involved in this study were not tested for CD nor 
underwent to an intestinal biopsy. In a US study performed on 7762 unselected persons aged six 
years or older who participated in the National Health and Nutrition Examination Survey 
(NHANES) 2009–2010, Digiacomo et al. found a 0.55% prevalence of persons on a self-reported 
GFD. The prevalence was higher in females and older participants [10]. Many of the NHANES 
subjects on a GFD could indeed be affected by NCGS, however this is likely to be an underestimate 
as (a) the possible relationship between gastro-intestinal symptoms and gluten intake was not 
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systematically explored in this population sample, and (b) the NHANES survey was conducted 
before NCGS was described in the medical literature. 

The analysis of the epidemiology of IBS provides an indirect estimate of intestinal NCGS 
frequency. According to recent population-based surveys performed in Northern Europe, the 
prevalence of IBS in the general adult population is 16%–25% [11,12]. In a selected (and, therefore, 
probably biased) series of adults with IBS, the frequency of NCGS, documented by a double-blind, 
placebo-controlled challenge, was 28% [13]. In the large study performed by Carroccio et al., 276 
out of 920 (30%) subjects with IBS-like symptoms, according to the Rome II criteria, suffered from 
wheat sensitivity or multiple food hypersensitivity, including wheat sensitivity [14]. Should a 
consistent proportion of IBS patients be affected with NCGS, the prevalence of NCGS in the general 
population could well be higher than CD (1%). 

Although risk factors for NCGS have not yet been identified, the disorder seems to be  
more common in females and in young/middle age adults. The prevalence of NCGS in children is  
still unknown. 

4. Clinical Picture and Natural History 

NCGS is characterized by symptoms that usually occur soon after gluten ingestion, disappear 
with gluten withdrawal and relapse following gluten challenge, within hours or few days. The 
“classical” presentation of NCGS is a combination of IBS-like symptoms, including abdominal pain, 
bloating, bowel habit abnormalities (either diarrhea or constipation), and systemic manifestations 
such as “foggy mind”, headache, fatigue, joint and muscle pain, leg or arm numbness, dermatitis 
(eczema or skin rash), depression, and anemia [2,15]. When seen at the specialty clinic, many NCGS 
patients already report the causal relationship between the ingestion of gluten-containing food and 
worsening of symptoms. In children, NCGS manifests with typical gastrointestinal symptoms, such 
as abdominal pain and chronic diarrhea, while the extra-intestinal manifestations seem to be less 
frequent, the most common extra-intestinal symptom being tiredness [16]. 

During the last decade, several studies suggested a relationship between NCGS and 
neuropsychiatric disorders (see following paragraphs). 

While it is undisputable that in some cases the positive effect of gluten withdrawal can be 
explained by a placebo effect, this is not the case in true NCGS. In a double-blind randomized 
placebo-controlled study design, Biesiekierski et al. found that IBS-like symptoms of NCGS were 
more frequent in the gluten-treated group (68%) than in subjects on placebo (40%) [13]. Furthermore 
a recent study found no significant differences between CD and NCGS patients regarding personality 
traits, level of somatization, quality of life, anxiety, and depressive symptoms. The somatization 
level was low in both diseases. Additionally, symptom increase after a gluten challenge was not 
related to personality in NCGS patients [17]. 

No major complication of untreated NCGS has so far been described; especially autoimmune 
comorbidity, as observed in CD, has not been reported so far. However, natural history data  
on NCGS are still lacking. Therefore it is difficult to draw firm conclusions on the outcome of  
this condition. 
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5. NCGS and IBS: A Complex Relationship 

The complex relationship between IBS and dietary proteins has been recently reviewed [18].  
Patients with CD often report symptoms compatible with IBS persisting after treatment with the 
GFD. In a recent meta-analysis the pooled prevalence of IBS-type symptoms in patients with treated 
CD was 38.0% (95% CI, 27.0%–50.0%). The pooled odds ratio (OR) for IBS-type symptoms was 
higher in patients with CD than in controls (5.60; 95% CI, 3.23–9.70). In patients who were 
non-adherent with a GFD, the pooled OR for IBS-like symptoms, compared with those who were 
strictly adherent, was 2.69 (95% CI, 0.75–9.56) [19]. 

That gluten ingestion may elicit gastrointestinal symptoms in non-CD patients has recently been 
shown in subjects affected with the D variant (diarrhea-predominant) of IBS, by Vazquez-Roque and 
coworkers. Subjects on a gluten containing diet (GCD) had more bowel movements per day, 
particularly those with HLA-DQ2 and/or DQ8 genotypes. The GCD was associated with higher 
small bowel permeability. Patients on the GCD had a small decrease in expression of zonula 
occludens 1 in small bowel mucosa, and significant decreases in expression of zonula occludens 1, 
claudin-1, and occludin in rectosigmoid mucosa; again the effects of the GCD on expression were 
significantly greater in HLA-DQ2/8–positive patients. On the other hand, the GCD vs. the GFD had 
no significant effects on gastrointestinal transit or histology. It was concluded that gluten alters 
bowel barrier functions in patients with IBS-D, particularly in HLA-DQ2/8–positive patients. These 
data provided mechanistic explanations for the observation that gluten withdrawal may improve 
patient symptoms in IBS [20]. 

How specific the effect of gluten withdrawal from the diet of patients with IBS is, still remains to 
be elucidated. Besides gluten, wheat, and wheat derivatives contain other constituents that could play 
a role in triggering symptoms in IBS patients, e.g., amylase-trypsin inhibitors (ATIs, see below) and 
fructans. In a second study, Biesiekirski et al. reported on 37 patients with IBS/self-reported NCGS 
investigated by a double-blind crossover trial. Patients were randomly assigned to a period of 
reduced low-fermentable, poorly-absorbed, short-chain carbohydrates (fermentable oligo-, di-, and 
mono-saccharides and polyols = FODMAPs) diet and then placed on either a gluten or whey proteins 
challenge. In all participants, gastrointestinal complaints consistently improved during reduced 
FODMAP intake, but significantly worsened to a similar degree when their diets included gluten or 
whey proteins [21]. FODMAPS list includes fructans, galactans, fructose, and polyols that are 
contained in several foodstuffs, including wheat, vegetables, and milk derivatives. These results raise 
the possibility that the positive effect of the GFD in patients with IBS is an unspecific consequence of 
reducing FODMAPs intake, given that wheat is one of the possible sources of FODMAPs. However, 
it should be stressed that FODMAPs cannot be entirely and exclusively responsible for the symptoms 
experienced by NCGS subjects, since these patients experience a resolution of symptoms while on a 
GFD despite continuing to ingest FODMAPs from other sources, like legumes (a much richer source 
of FODMPs than wheat). Nevertheless, based on the results reported by Biesiekirski et al. is also 
possible that there are IBS cases entirely due to FODMAPs that, therefore, cannot be classified as 
affected by NCGS [21]. 
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6. Is Autism Part of the NCGS Spectrum? 

Autism Spectrum Disorders (ASD) are chronic behavioral conditions, with onset before three 
years of age. ASD are one of the fastest growing developmental disabilities in the United States. 
They present with a wide range of stereotyped, repetitive behaviors, social and language impairment. 
Function and outcome is affected not only by core deficits but also by associated behaviors such as 
hyperactivity, aggression, anxiety, and depression. Many studies have indicated that behavioral 
therapy and medication may be at least partially helpful in the management of children with ASD. 
Research on the effect of diet and nutrition on autism has been increasing in the past two decades, 
particularly on the symptoms of hyperactivity and attention. One of the most popular interventions 
for ASD is the gluten free casein free (GFCF) diet. 

The possible effect of the GFCF in children with autism is not due to underlying CD, since an 
association between these two conditions has never been clearly confirmed by serological 
screening studies [22]. It has been hypothesized that some symptoms may be caused by opioid 
peptides formed from the incomplete breakdown of foods containing gluten and casein. Increased 
intestinal permeability, also referred to as the “leaky gut syndrome,” has been suspected in ASD to 
be part of the chain of events that allows these peptides to cross the intestinal membrane, enter the 
bloodstream, and cross the blood-brain barrier, affecting the endogenous opiate system and 
neurotransmission within the nervous system. The resulting excess of opioids is thought to lead to 
behaviors noted in ASD, and the removal of these substances from the diet could determine a 
change in autistic behaviors [23]. The leaky gut/autism connection has fuelled a strong debate 
within the scientific community, far from being settled. A recent study has reported a high 
percentage of abnormal intestinal permeability test (as established by the lactulose/mannitol ratio) 
among patients with autism (36.7%) and their relatives (21.2%) compared with normal subjects 
(4.8%). Patients with autism on a reported GFCF diet had significantly lower intestinal 
permeability test values compared with those who were on an unrestricted diet and controls [24]. 
However, the degree of correlation between abnormal intestinal permeability to sugars (lactulose 
and mannitol) and proteins/peptides remains to be established. It should also be pointed out that, in 
a pilot study, Robertson et al. did not detect any changes in intestinal permeability in a small cohort 
of ASD children [25]. The finding of IgG class antibodies directed against food antigens is 
considered indirect evidence of increased intestinal permeability. Children with autism have 
significantly higher levels of IgG antibody (but not IgA) to gliadin compared with healthy controls, 
particularly in those with gastrointestinal symptoms [26]. Recent studies confirmed these findings 
and also reported an increase in antibodies directed to several other food allergens, including casein 
and whole milk [27]. 

Despite its popularity, the efficacy of the GFCF diet in improving autistic behavior remains  
not conclusively proven. A 2008 Cochrane review reported that only two small RCTs investigated 
the effect of GFCF diet in children with ASD (n = 35). There were only three significant treatment 
effects in favor of the diet intervention: overall autistic traits, mean difference (MD) = �������	
����
isolation, MD = ���������
��������������
��
����������������������������!���"�������
���#��� 
outcomes were not different between the treatment and control group while differences for ten 
outcomes could not be analyzed because data were skewed. The review concluded that the evidence 
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for efficacy of these diets is poor, and large scale, good quality randomized controlled trials are 
needed [28]. 

By using a two-stage, randomized, controlled study of GFCF diet of children with ASD, Whiteley 
and coworkers recently reported significant group improvements in core autistic and related behaviors 
after eight and 12 months on diet. The results showed a less dramatic change between children having 
been on diet for eight and children in diet for 24 months, possibly reflective of a plateau effect [29]. 

The above data suggest that removing gluten from the diet may positively affect the clinical 
outcome in some children diagnosed with ASD, indicating that autism may be part of the spectrum of 
NCGS, at least in some cases. However, a word of caution is necessary to stress the fact that only a 
small, selected sub-group of children affected by ASD may benefit from an elimination diet. 
Additional investigations are required in order to identify phenotypes based on best- and 
non-response to dietary modifications and assess any biological correlates including anthropometry 
before considering a dietary intervention. 

7. Gluten-Related Disorders and Schizophrenia 

An association between schizophrenia and CD was noted in reports spanning back to the  
1960s [30]. In 1986 a double-blind gluten-free/gluten-load controlled trial of 24 patients conducted 
by Vlissides et al. showed changes in symptom profile of schizophrenics in response to exclusion of 
gluten from the diet [31]. On the other hand, a small blind study conducted by Potkin et al. showed 
no differences in the clinical status of eight schizophrenic patients on a 5-week gluten challenge in an  
in-patient setting, as measured by the Brief Psychiatric Rating Scale [32]. A subsequent study by  
Storms et al. tested 26 schizophrenic patients on a locked ward assigned to either a gluten-free or 
high gluten diet. No differences were found between the groups on their performance in a battery of 
psychological tests [33]. A recent study using blood samples from the Clinical Antipsychotic Trials 
of Intervention Effectiveness (CATIE) found that 5.5% of the subjects with schizophrenia had a high 
level of anti-tTG antibodies (compared to 1.1% in the healthy control sample) and 23.1% had AGA 
IgG positivity compared with 3.1% in controls. Interestingly enough, a large proportion of tTG 
positive subjects resulted EMA negative, questioning the possibility that their tTG positivity was 
related to CD. Indeed, only 2% of schizophrenic patients fulfilled the CD diagnostic criteria (both 
anti-tTG and EMA positive), questioning the role of CD in schizophrenia [34]. Additional studies 
revealed that most of the tTG positive subjects were tTG-6 positive, suggesting that these antibodies 
are more a biomarker of neuro-inflammation than CD [35]. This study indicated the existence of a 
specific immune response to gluten in some of these patients, probably related to NCGS. Other 
studies confirmed the high prevalence of antibodies to AGA among people with schizophrenia [36], 
however the exact mechanism underlying the observed improvement of symptoms in some patients 
with the GFD has remained elusive. Immunological mechanisms have been proposed, including the 
assertion that a subgroup of schizophrenics suffer from food intolerances that benefit from the 
adoption of a GFD. The beneficial effect of a GFD may also be achieved via circulating food-derived 
peptides (exorphins) exerting an influence on physiological processes in the brain (same mechanism 
as described in the autism paragraph). If it were true that a subset of schizophrenic patients did 
exhibit symptoms due to sensitivity to gluten, then not only would treatment for these individuals be 
easier and more efficient than neuroleptics but also their quality of life would improve. 
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In summary, the role of NCGS in conditions affecting the nervous system remains a highly 
debated and controversial topic that requires additional, well-designed studies to establish the real 
role of gluten as a triggering factor in these diseases. 

8. Laboratory Evaluation 

So far no specific biomarker of NCGS has been identified. Recently, Volta and colleagues 
reported on the pattern of CD serology found in 78 untreated patients affected with NCGS. Many 
patients displayed an elevated prevalence of high titer, “first-generation” IgG AGA directed against 
native gliadin (56.4%). The prevalence of IgG AGA detected in NCGS, although lower than that 
found in CD (81.2%), was much higher than other pathologic conditions such as connective tissue 
disorders (9%) and autoimmune liver diseases (21.5%) as well as in the general population and 
healthy blood donors (2%–8%). On the other hand, the prevalence of IgA AGA in NCGS patients 
was very low (7.7%). Noteworthy, the “best” CD markers, namely IgG deamidated gliadin peptide 
(DGP) antibodies, IgA tTGA, and IgA EMA, were always negative in NCGS patients, except for an 
isolated positivity at a very low titer for IgG DGP. The consistent negativity for IgG DGP, whose 
synthesis “in vivo” is an expression of the interaction between tissue transglutaminase and gliadin 
peptides, seems to exclude the involvement of adaptive immunity in NCGS pathogenesis. 
Interestingly enough, ELISA activities of IgA tTGA in NCGS patients were very low with 30% of 
them displaying values < 1 AU (none of them had IgA deficiency) [15]. 

The CD-predisposing HLA-DQ2 and DQ8 genotypes are found in 50% of NCGS patients,  
a prevalence that is lower than CD (95%) and only slightly higher than the general population  
(30%) [4]. 

In the work of Sapone and coworkers all subjects (11 patients with NCGS, 13 with CD, and  
seven controls), underwent upper duodenal endoscopy for small intestinal biopsy. Those with NCGS 
revealed normal to mildly inflamed mucosa (Marsh 0 to 1), while all CD patients showed partial or 
subtotal villous atrophy with crypt hyperplasia. As expected, CD patients had increased numbers of 
CD3+ IELs (>50/100 enterocytes) compared to controls, while NCGS patients had a number of 
CD3+ IELs intermediate between CD patients and controls in the context of relatively conserved 
villus architecture. The numbers of TCR-$'� "*\	� ^���� 
���� ���vated in CD subjects (>3.4/100 
�����
����	`��^#�������{|}~�������	��#��������	�
��$'�"*\	�^����	�������
��#
	������
���
�	������
Recently, activation of circulating basophils [14] and increased infiltration of duodenal lamina 
propria with eosinophils [37] have been described. 

9. Diagnosis 

NCGS diagnosis is sometimes suspected by the patients themselves based on food withdrawal and 
introduction. Physicians may then concur if there has been the exclusion of other forms of  
gluten-induced disease (CD and WA) by appropriate serological and/or biopsy tests. Specific IgE 
might normalize if the patients are already on GFD and this might be a potential pitfall in diagnosis 
of WA The finding that symptoms disappear after gluten elimination adds weight to the diagnosis of 
NCGS, which is definitely proven by a double-blind (or open) oral gluten challenge performed after 
at least three weeks of GFD. 
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Based on a combination of clinical, biological, genetic and histological data, it is possible to 
differentiate the three gluten-related conditions (WA, CD, and NCGS), using recently published 
algorithms [4]. Since there is some degree of overlap between NCGS and other forms of 
wheat-exclusion responsive conditions (e.g., IBS responsive to low FODMAPs diet, non-IgE 
mediated WA), periodical patient reassessment (e.g., every 6–12 months), including an accurate 
dietary interview, is strongly recommended. 

10. Pathogenesis 

The pathophysiology of NCGS is under scrutiny. In the study conducted by Sapone et al. [2], 
NCGS subjects showed a normal intestinal permeability and claudin-1 and ZO-1 expression 
compared with celiac patients, and a significantly higher expression of claudin-4. In the same NCGS 
patients, the up-regulation of claudin-4 was associated with an increased expression of toll-like 
receptor-2 and a significant reduction of T-regulatory cell marker FoxP3 relative to controls and CD 
������	�� ������
������ �� �����	�� ��� "*\	� 
�� �#�� ��		�	� �� ��� ��� ���� �
� �����	�� ��� �������
immunity-related gut mucosal gene expression, including interleukin (IL)-6, IL-21, and interferon-$�
(IFN-$`��^	 detected in NCGS. These changes suggested an important role of the intestinal innate 
immune system in NCGS, without any involvement of the adaptive immune response. In a study 
aimed at exploring and comparing the early mucosal immunological events in CD and NCGS, 
Brottveit et al. confirmed that CD patients mounted a concomitant innate and adaptive immune 
response to gluten challenge. NCGS patients only showed increased IFN-$� �����	� ����� �������
challenge and increased density of intraepithelial CD3(+) T cells at baseline [38]. These findings 
open the possibility of an adaptive component as well in the pathogenesis of NCGS. 

The trigger/s of mucosal events leading to NCGS is not necessarily represented by the same array 
of gluten peptides responsible for CD development. Unlike the duodenal mucosa from patients with 
CD, upon incubation with gliadin, mucosa from patients with NCGS does not express markers of 
inflammation, and their basophils are not activated by gliadin [39]. In vitro studies suggest that wheat 
ATIs could play a major role as triggers of the innate immune response in intestinal monocytes, 
macrophages and dendritic cells eventually leading to NCGS. Wheat ATIs are a family of five or 
more homologous low-molecular-weight proteins highly resistant to intestinal proteolysis. They are 
known to be the major allergen responsible for baker’s asthma. ATIs engage the TLR4-MD2-CD14 
complex and lead to up-regulation of maturation markers and elicit release of pro-inflammatory 
cytokines in cells from celiac and non-celiac patients and in celiac patients’ biopsies [40]. 

11. Current and Future Trends 

The vast majority of celiac experts initially reacted with a great deal of skepticism to the concept 
of NCGS existence and the fact that it was a separate entity from CD. For those that witnessed the 
initial struggle of convincing health care professionals that CD was not confined within European 
boundaries this was a déjà vu. Indeed, we are now with NCGS where we probably were with CD 
forty years ago. In the 1980s we knew that CD existed, but we had little information on the 
mechanisms leading to the enteropathy, the genetic component of the disease, what kind of immune 
response was involved in the pathogenesis of the disease, its multifaceted clinical presentation, and 
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its complication. We lacked robust screening tools to conduct well-design epidemiological studies 
and had little understanding on the most appropriate management of the disease and its 
complications. The confusion about NCGS stems from the few facts, and the many fantasies, 
currently available on this topic. The best testimonial of this concept is the comparison of the 
literature published on both conditions during the past 63 years. The publications on CD doubled 
every 20 years from approximately 2500 in the period of 1950–70 to ~9500 in the period 1991–2010, 
with already more than 2000 papers published between 2011 and 2013. Conversely, there were 
almost no scientific reports on NCGS before 1970 and only a handful number of papers have been 
published ever since, most of them after 2005. The increase interest in NCGS is testified by the 
decreased NCGS/CD publication ratio that dropped from 1:438 in the period 1950–70 to 1:10 in the 
period 2010–13 (Table 1). 

Table 1. Trends in publication on celiac disease (CD) and non-celiac gluten sensitivity 
(NCGS) during the last decades. 

Timeline CD NCGS NCGS/CD ratio 
1950–1970 2632 6 1:438 
1971–1990 4915 118 1:43 
1991–2010 9498 733 1:13 
2011–2013 2014 188 1:10 

Given the limited literature on the topic, it should not come as a surprise that there are still 
numerous questions about NCGS that should be addressed. Is NCGS permanent or transitory? Is the 
threshold of sensitivity the same for everybody, or change from subject to subject and in the same 
subject over time? How frequent is NCGS? The range reported in the literature is between 0.5% and 
6%, based on poorly conducted studies and on definitions of the disease that varies widely from one 
report to another. Only recently, well-conducted studies based on double blind, placebo control 
design are providing evidence-based data on the prevalence of NCGS in specific clinical conditions, 
particularly IBS [13]. There is the strong need for more coordinated efforts to perform large 
multicenter studies for those conditions, including autism and schizophrenia, in which NCGS has 
been indicated as a possible cause in a subgroup of these patients. The lack of validated biomarkers 
for a diagnosis not based on exclusion criteria is judged to be of paramount importance by many 
experts in the field. Currently a large multicenter placebo-controlled study is underway to achieve 
this goal and, hopefully, will provide tools for a more correct diagnosis and for more rigorous studies 
to establish the prevalence of NCGS in specific conditions and in the general population. Recent 
studies raised the possibility that, beside gluten [13] and wheat ATIs [40], low-fermentable, 
poorly-absorbed, short-chain carbohydrates [21] can contribute to symptoms (at least those related to 
IBS) experienced by NCGS patients. These new findings need corroboration through additional 
studies involving larger numbers of subjects. If these studies will confirm these new findings, they 
will probably prompt a change in nomenclature from NCGS to wheat sensitivity to reflect the fact 
that, beside gluten, other components of wheat may be responsible for the symptoms reported by 
NCGS patients. 
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Abstract: The aim of this review was to identify, evaluate and summarize all relevant 
studies reporting on the clinical response to gluten challenge by adult or pediatric 
patients with suspected or diagnosed coeliac disease (CD) on a gluten-free diet. We 
evaluated the effect of gluten challenge on changes in symptoms, intestinal mucosa 
histology, and serum antibodies. A systematic electronic search was performed for 
studies published as of 1966 using PubMed and Scopus databases. In the reviewed 
studies, doses ranged from 0.2 to 30 g/day of wheat gluten or comprised a 
gluten-containing diet. The onset of symptoms upon gluten intake varied largely from 
days to months and did not parallel serum antibody or histological changes. Within 3 
months of gluten challenge, 70%–100% of pediatric CD patients became positive for 
AGA-IgA and EMA-IgA antibodies and 50%–70% for AGA-IgG. A limited number of 
trials suggest that no more than half of adult patients developed positive AGA-IgA, 
EMA-IgA, tTG-IgA or DGP-IgA/IgG titers. Approximately 50%–100% of pediatric and 
adult patients experienced mucosal relapse of gluten provocation within 3 months, which 
was preceded by increased mucosal intra-epithelial lymphocytes within several days of 
challenge. A 3-month high-dose gluten challenge should be suitable to diagnose the 
majority of CD patients. In some cases prolonged challenge may be needed to verify 
diagnosis. Combination testing for antibodies and mucosal histology may fasten  
the diagnosis. 

Keywords: gluten challenge; coeliac disease; diagnosis 
 

1. Introduction 

Significant health complications may occur when coeliac patients remain on a normal  
gluten-containing diet. Diagnosis of coeliac disease (CD) should accurately be established before 
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starting a person on a livelong gluten-free diet. In children and adults, diagnostic testing includes 
blood HLA-DQ2 and HLA-DQ8 testing, histological examination of small-intestinal biopsies and 
serum CD-specific antibodies [1–7]. The diagnosis is confirmed by decline in antibody levels after 
the exclusion of gluten from the diet. Clinical improvement and histological remission are also 
supportive clinical endpoint to confirm the disease. Gluten challenge is not necessary, except under 
unusual circumstances [4] where doubt exists about the initial diagnosis; for example, when the 
patient is on a gluten-free diet or presents with antibodies or complaints but, nonetheless, normal 
histology. Moreover, failure to respond to a gluten-free diet may raise doubt regarding the initial 
diagnosis. Examination of mucosal biopsy, however, involves a potential risk of misdiagnosis since 
it is subject to large method variability [8,9] and moderate-to-poor inter- and intra-observer 
reproducibility has been shown [10–12]. Unfortunately, histological findings in CD are characteristic 
but not specific as several disorders can produce comparable histopathological changes [13]. Over 
recent years, more reliable, specific and sensitive serological diagnostic tests and markers have 
become available. Small bowel histology remains the gold standard for diagnosis. Symptomatic 
relapse is not sufficient for a diagnosis of coeliac disease in isolation. Particularly in children in 
whom the initial biopsy was performed before two years of age, a gluten challenge may be necessary 
because of the risk of misdiagnosis due to confusion with other causes of enteropathy at this age [3]. 
In patients suspected of CD and following a gluten-free diet, diagnosis may be confirmed  
by reintroduction of gluten into the diet or by an oral gluten challenge followed by clinical  
relapse [3,4,7,14]. 

Currently, the monitoring of parameters during a gluten challenge is largely empirical, 
particularly in those patients who remain asymptomatic, and the optimum duration and dose of a 
gluten challenge has not been established yet. Some guidelines propose a gluten diet/challenge until 
relapse, even for up to 2 years or longer if patients remain symptom free. The ESPGHAN guidelines 
recommend that daily gluten intake during gluten challenge should contain at least the normal 
amount of gluten intake for children (approximately 15 g/day) [4,15]. There is considerable 
inter-individual variability of clinical presentation among patients with CD [16,17] but also in 
clinical response time to gluten intake [17]. The large variability and lack of predictability in the 
response time and severity to gluten complicate defining recommendations regarding the duration 
and dose of necessary gluten challenge in the diagnostic setting as well as the clinical trial setting. 

A standardized approach regarding the amount and duration of dietary gluten necessary to 
provoke a clinical response in children and adults could provide guidance to physicians and 
investigators. Therefore, the aim of this article was to perform a review of the literature reporting on 
the course of the clinical symptoms, serum CD autoantibodies, and intestinal histological changes in 
response to a gluten challenge in children and adults with diagnosed or suspected CD. 

2. Method 

The data sources used for this systematic review of references published between 1966 and July 
2013 included PubMed and Scopus. Only publications in English were included. We included 
studies that evaluated the effect of oral gluten challenge in individuals with CD on clinical 
parameters, i.e., CD-specific antibodies, histology of small bowel mucosa biopsies, symptoms, and 
urinary sugar absorption test. We reviewed the studies that described the effect of a gluten challenge 
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on clinical relapse in order to confirm diagnosis of CD in children or adults with diagnosed and/or 
suspected CD. We also extracted valuable information of patients receiving a gluten challenge in the 
placebo arm of clinical trials testing CD-related therapies. Gluten challenge studies with the aim to 
determine the safe threshold of prolonged exposure to trace amounts of gluten were beyond the scope 
of this paper. Studies reporting on positive anti-gliadin antibodies (AGA), anti-endomysial 
antibodies (EMA), anti-tissue transglutaminase antibodies (tTG), and anti-deaminated gliadin 
peptide antibodies (DGP) were included. Anti-reticulin antibodies were not reviewed as this test has 
nowadays been replaced by the more reliable AGA test. While AGA antibodies have been in use for 
several decades. However, there is a wide variability in their diagnostic accuracy and both AGA-IgA 
and AGA-IgG have sensitivities and specificities inferior to tTG-IgA and DGP-IgA and are no 
longer included in the routine testing strategy for CD [5]. Positivity for CD-specific antibodies was 
defined as concentrations above the assay cutoff value, which varied among assays used in the 
different studies. The definition of abnormal mucosa histology of small bowel biopsies also varied 
depending on the biopsy rating scores used (e.g., villous height to crypt depth ratio, Marsh scores). 
Clinical symptoms in most studies comprised CD-specific symptoms including vomiting, abdominal 
pain or distension, obstipation, diarrhea, fatty or loose stool, anorexia, weight loss, and growth 
failure. Only in the summary table we specified whether symptoms constituted mild, moderate or 
severe symptoms. Studies that were excluded were studies investigating a single-dose gluten 
challenge, studies investigating oat challenge, rectal gluten challenge, transamidated, hydrolyzed or 
digested gluten, gluten-specific peptides, and ex-vivo studies. Since gluten intake at baseline is likely 
to influence the response to a gluten challenge, we excluded studies in which patients were on a 
normal gluten-containing diet or had positive baseline autoantibodies at start. Trials were categorized 
into trials enrolling pediatric or adult patients with mean age below 18 years or 18 years and older, 
respectively. Moreover, less patients suspected of having CD can be expected to respond to gluten 
than patients with a confirmed diagnosis of CD. Therefore, we classified trials according to 
“confirmed diagnosis based on a biopsy in the past”, or “diagnosed based on inadequate grounds” 
referring to as “suspected CD”. If possibly, results were reported separately for subgroups of patients 
with diagnosed and suspected CD in one study. When the amount of dietary gluten in bread was not 
reported [18–20], we estimated the gluten content, assuming that a slice of bread weighs 25–30 g and 
contains 8–11 g/100 g of protein [15,21], which corresponds to approximately 2–3 g of gluten [7,22]. 
In some studies the gluten dose was expressed per kg of body weight. If body weight was not given, 
estimates were based on WHO child growth charts [23]. 

3. Results 

Table 1 gives an overview of the included studies. In total, the following studies were identified  
that investigated the clinical effect of dietary gluten challenge; 16 trials with pediatric patients  
with biopsy-diagnosed CD, 13 trials with pediatric patients with suspected CD, 11 trials with 
biopsy-diagnosed adult CD patients and 3 with adolescent or adul Maaike J. t patients suspected of 
having CD. Of the eleven trials with diagnosed adult patients, five reported on the clinical response 
to a placebo as part of a clinical intervention study [24–29]. In the studies included, a gluten 
challenge consisted of a gluten-containing diet, wheat-derived food products, wheat flour, or wheat 
gluten powder. The gluten doses ranged from 0.2 to 30 g/day and duration from 1 day to 8 years. 



19 

 

3.1. CD-Specific Symptoms in Pediatric Patients with Diagnosed or Suspected CD 

The response rates and onset of symptoms throughout the course of gluten challenge in the 
different studies was highly variable (Table 1); when a gluten-containing diet was given to children 
with diagnosed CD, 4% of them developed symptoms within 1–2 of weeks [30]. At least 10 g/day of 
gluten caused symptoms in 13% of children within 12 h [31], 33% of children within 4 weeks of 
gluten challenge [32], and 60% of children within 3-months of challenge [33]. When given a 
gluten-containing diet or 3–15 g/day of gluten, 32% of children experienced symptoms within 4–5 
months [34]. Smaller amounts of about 2 g/day of gluten caused symptoms in 4% children on the 
fourth day and in 25% of children after 6 months [18]. 

In children with suspected CD, a gluten-containing diet induced symptoms in about 26%–33% of 
children within between a few days to 13 months of gluten challenge [35,36], a gluten challenge of at 
least 10 g/day caused symptoms in approximately 24%–42% of children from 4 weeks to  
several [32,37–39] months of challenge, only few patients reported severe symptoms during gluten 
challenge [38]. A gluten-containing diet providing 5 to 15 g/day of gliadin caused symptoms in 59% 
of children within 45 days of challenge [40]. About 32% of adolescents with diagnosed or suspected 
CD who received at least 10 g/day of gluten for 2.4 months to 2 years experienced abdominal symptoms 
at the time of appearance of antireticulin-IgA [41]. In 70% of the cases, the mucosa relapsed before 
any symptoms had occurred [41]. Lower doses of 0.2–4.3 g/day of gluten, surprisingly triggered 
symptoms in 79% and 96% of children within 4 and 15 weeks, respectively [42]. No correlation was 
observed between time of appearance of symptoms and positive antibodies. 

Summarizing, in most studies only few children with diagnosed or suspected CD respond by 
symptoms to a low or high gluten dose during the first 2 weeks. During prolonged low or high dose 
gluten challenge 24%–42% of children may experience symptoms, although in three studies higher 
response rates were reported of 60% [33,40], and even 96% [42]. Large variability exists in time of 
onset of symptoms during gluten challenge: symptoms appear almost immediately in some children 
while some do not develop symptoms until several months of challenge or develop no symptoms at 
all. Symptoms are generally mild to moderate. Some studies indicated that clinical symptoms are a 
very unreliable indicator of antibody response and mucosal relapse [34,41,42]. 
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3.2. CD-Specific Symptoms in Adults with Diagnosed or Suspected CD 

In three studies, effects were reported of gluten challenge on symptoms in diagnosed or suspected 
adult or adolescent CD patients [54,59,62]. In five clinical trials [25–28,58], the effects of gluten 
challenge given to diagnosed adult patients in the placebo arm were reported. Reintroduction of a 
gluten-containing diet induced gastrointestinal symptoms in 77% of patients suspected of CD 
between 1 and 8 months of challenge and CD was confirmed in 40% of these patients [62]. The 
diagnosis CD was nevertheless confirmed in 65% of the 33% patients who did not develop 
symptoms. Symptoms occurred in 67% of patients with confirmed diagnosis of CD. When diagnosed 
or suspected CD patients received 7 to 10 g/day of gluten, 43% [58] and 67% [59] reported 
symptoms within two weeks of challenge. Within 3 months 84% had experienced symptoms [59]. 
Most symptoms occurred after one week of challenge [59]. After a 2-week and 6-week challenge 
period with about 2.5 g/day of gluten three times daily, about 50% of patients [28] and 80% of 
patients [27] reported complaints, respectively. The severity of symptoms increased after 2 weeks 
[27,28] reaching a plateau at 3 weeks [27]. When diagnosed CD patients received a low (1–3 g/day) 
or a high (3–5 g/day) dose of gluten, 64% and 80% of them, respectively, reported symptoms within 
3 months [54]. A 2-week challenge of ~1.3 g/day of gluten triggered symptoms in 66% of patients 
the following 12 weeks; about 33% had more than five episodes of moderate to severe symptoms 
[25]. 

In summary, the number of adult patients reporting symptoms as well as the severity of symptoms 
may increase throughout gluten challenge. Within 3 months of gluten challenge, about 64%–80% of 
adult patients can be expected to experience symptoms. A proportion of patients with CD may never 
develop symptoms during gluten challenge. The onset of symptoms is rather unpredictable. The 
appearance of symptoms during gluten challenge is no indicator of CD. 

3.3. Antibodies in Pediatric Patients with Diagnosed or Suspected CD 

3.3.1. AGA-IgA and AGA-IgG Antibodies 

Figure 1 illustrates the time course of children with diagnosed or suspected CD responding to a 
gluten challenge by positive AGA-IgA antibodies. 

The proportion of children with diagnosed or suspected CD responding to gluten challenge by 
AGA-IgA antibodies varied widely. After 2 weeks, about 30% to 78% of children had responded to a 
challenge providing 3 to 15 g/day of gluten [20,31,44,63,64]. After 2 to 3 months of challenge with 4 
to 14 g/day of gluten, about 70%–100% of children showed positive AGA-IgA antibodies in their  
serum [20,44,46,63,64]. No clear dose-response effect was observed between the different studies. In 
two studies with a low dose of gluten (0.2–4.3 g/day), the percentage of children responding by  
AGA-IgA was 90% [50] or 75% after 2 months [42]. Within 10 months to 1 year, 73%–90% of 
children had developed AGA-IgA antibodies [30,35,46]. Interestingly, the percentage of CD 
children with AGA-IgA was highest (97%) after a gluten consumption period of about 1 to 3 months 
and decreases thereafter to 85% at 1 year, and 49% after 3 years or more of gluten intake [46]. 
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Figure 1. Percentage of pediatric patients with diagnosed or suspected coeliac disease 
(CD) showing an anti-gliadin antibodies (AGA)-IgA response to gluten over time. 

 

Figure 2 shows the proportion of diagnosed or suspected CD children responding with positive 
AGA-IgG antibodies to a gluten challenge. 

Figure 2. Percentage of pediatric patients with diagnosed or suspected CD showing an 
AGA-IgG response to gluten over time. 

 

Whereas most studies showed less children responding by AGA-IgG than by AGA-IgA 
throughout the course of gluten challenge [41,42,44,63], two studies showed similar response rates 
by AGA-IgA and AGA-IgG [31,39]. When children with CD were given a gluten-containing diet or 
10 to 14 g/day of gluten, AGA-IgG rose significantly in 15% [44] or 65% [31] of children within 2 
weeks and in 71%–100% of children within 3 months of challenge [39,44]. In two studies in which 
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children received 10 g/day [63] or 0.2–4.3 g/day [42] of gluten, only 25% and 5% of children had 
responded by AGA-IgA after 2 months of gluten challenge, respectively. 

3.3.2. EMA-IgA Antibodies 

Figure 3 summarizes the proportion of children with diagnosed or suspected CD developing 
positive EMA-IgA during gluten challenge. 

Figure 3. Percentage of pediatric patients with diagnosed or suspected CD showing an 
anti-endomysial antibodies (EMA)-IgA response to gluten over time. 

 

In a number of trials with children with diagnosed or suspected CD, results on serum EMA-IgA levels 
were reported during gluten challenge doses from 0.2 to 15 g/day of gluten or a gluten-containing 
diet. After 2 weeks of challenge, 35% to 59% of children showed positive EMA-IgA  
antibodies [20,36,40,42,44,46,63–65], 65% to 77% of children after 1 month [42,51,63],  
between 63% and 100% of children became EMA-IgA positive between 2 and 3  
months [20,36,38,40,42,44,46,51], while 84% to 93% of children had become positive from  
6 months to 3 years of challenge [38,46,63]. Even small gluten amounts caused relapse by  
EMA-IgA [42]. There was no clear difference in time to EMA-IgA positivity between the different 
gluten doses. 

3.3.3. tTG-IgA Antibodies 

In one study, diagnosed CD children received 4–9 g/day of gluten [20]; positive tTG-IgA levels 
were detected in 45% and 89% of children within 2 and 12 weeks, respectively. 

3.3.4. Antibodies in Pediatric Patients: Summary 

In summary, the time it takes for children to relapse by antibodies with a gluten challenge is variable. 
Moderate-to-high gluten challenge doses given to children with diagnosed or suspected CD increased 
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AGA-IgA, AGA-IgG and EMA-IgA to positive levels within the first few weeks. Within 3 months of 
challenge, the majority of children had developed AGA-IgA, AGA-IgG, EMA-IgA or tTG-IgA 
antibodies. Only few children relapsed by AGA-IgA, AGA-IgG and EMA-IgA after 1 year. No clear 
difference in relapse rate to gluten was observed between children with diagnosed and suspected CD. 
Conversion of AGA-IgA positive to negative tests has been reported to occur in some patients. 

3.4. Antibodies in Adult Patients with Diagnosed or Suspected CD 

3.4.1. AGA-IgA and EMA-IgA Antibodies 

In four trials, AGA-IgA antibody titers in gluten-challenged adult patients with suspected or 
diagnosed CD were reported [26,29,55,60]. The AGA-IgA titers increased in 14% of diagnosed 
patients in the placebo arm after a 2-week 7 g/day gluten challenge [58] and in 85% of diagnosed 
patients receiving 2.5–5 g/day of gluten for up to 14 months [55]. Increased AGA-IgA was observed 
in 22% of borderline patients receiving 30 g/day on top of a normal diet for up to 2 months [60], 
None of the diagnosed CD patients receiving 16 or 7 g/day of gluten developed positive EMA-IgA 
antibodies within 2 weeks [29,58]. In borderline patients, 17% became EMA-IgA positive after a 
2-month very high-dose gluten challenge [60]. 

3.4.2. tTG-IgA and DGP-IgA/IgG Antibodies 

Figure 4 shows diagnosed adult CD patients responding by tTG-IgA throughout gluten challenge. 

Figure 4. Percentage of adult patients with diagnosed CD showing a tTG-IgA response 
to gluten over time. 

 

The effects of gluten challenge on tTG-IgA titers in diagnosed adult CD patients were reported  
either [24–29] or not [54] as part of a clinical trial. No positive tTG-IgA antibodies were observed at 
day 6 post-challenge in any of the diagnosed CD patients receiving 16 g of gluten for 3 days [26]. 
After a 2-week challenge with a dose from 1.3 to 7.6 g/day of gluten, tTG-IgA increased in 0% to 25% of 
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adult diagnosed CD patients [24,25,28,29]. Longer gluten challenge form 6 weeks to 3 months 
increased the proportion of tTG-IgA-positive patients to 30%–43% [27,54]. A 3-day gluten challenge 
of 16 g/day did not increase DGP-IgA/IgG titers at day 6 [26], but 3 or 7.5 g/day induced  
positive DGP-IgA/IgG titers in 30% of diagnosed patients within two weeks and 45% the following 
two weeks [24]. 

3.4.3. Antibodies in Adult Patients: Summary 

In summary, few diagnosed CD patients responded by AGA-IgA, EMA-IgA, tTG-IgA, or  
DGP-IgA/IgG antibodies after 2 weeks of gluten challenge. Within 6 weeks to 3 months of gluten 
challenge, still no more than 50% of patients became positive for these antibodies. 

3.5. Mucosal Immunohistology in Pediatric Patients with Diagnosed or Suspected CD 

3.5.1. Mucosal IEL 

When children with diagnosed or suspected CD received 5 to 25 g/day of gluten, 91% to 100% of 
them developed increased mucosal IEL within 1 to 2 months [40,42,43,45,50]. Within 3 months of 
gluten challenge with 10 g/day, all children with suspected CD showed increased mucosal IEL  
counts [49]. In one study less children, 16% to 25%, responded with increased IEL within 3 months 
of about 6 g/day of gluten challenge [20,44]. The authors of one study found that the gluten intake 
dose strongly correlated with the degree of inflammation in the biopsy, as expressed by IEL [42]. A 
gluten challenge increased IEL in mucosal biopsies before histological changes occurred. 

3.5.2. Mucosal Histology 

Figure 5 gives an overview of children with diagnosed or suspected CD developing changes in 
mucosal morphology throughout gluten challenge. 

The proportion of children with diagnosed or suspected CD having abnormal mucosal  
histology gradually increased during the course of gluten challenge. Only 7% of children with  
diagnosed CD developed mucosal lesions after 1 week when a gluten challenge of 2–3 g/day of 
gluten was given [18]. However, when doses of 3 to 20 g/day of gluten were given, the proportion of 
children developing an abnormal small bowel mucosal histology scores within 1 month ranged from 
72% to 100% [43,46,64]. Mucosal relapse rates after 2 to 3 months of challenge ranged between 51% 
and 100% [31–33,36,39,49,64]. After 5 months to 2 years of gluten challenge, the majority of 
children have relapsed by mucosal abnormalities, with relapse rates of 79% to 100% reported in the 
different studies [18,19,31,33,34,41,42,46,48,49,52]. After 1 year low-dose gluten challenge (0.2 to 
4.3 g/day gluten), the proportion of children showing abnormal small bowel mucosal histology 
scores did not differ from those receiving a higher dose challenge (5 g/day or higher). For some 
children it took 2 or even 8 years to relapse on gluten [48]. As expected, the intestinal mucosa relapse 
rate was higher in diagnosed than in suspected patients: within 3 months of gluten intake, 
respectively, about 60% and 80% had relapsed. 
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Figure 5. Percentage of pediatric patients with diagnosed or suspected CD showing 
histological response to gluten over time. 

 

3.5.3. Mucosal Immunohistology: Summary 

In summary, within 1 month of gluten exposure, mucosal IEL counts were increased in almost all 
children with diagnosed or suspected CD. The percentage of children developing moderate to severe 
mucosal histological abnormalities within 2 to 3 months of gluten challenge ranged between  
51%–100%. When child patients are biopsied after one week of challenge, only a minority show 
morphological relapse. The majority of children will have relapsed after 2 to 3 months of challenge, 
and only few children relapse thereafter. 

3.6. Mucosal Immunohistology in Adult Patients with Diagnosed or Suspected CD 

3.6.1. Mucosal IEL 

A single 25-g gluten challenge given to adult patients with proven CD increased IEL in the 
mucosal biopsy as soon as 24–48 h following challenge [49]. A one-week 10 to 20 g 
gluten-containing diet increased IEL density in the mucosal biopsy of all patients [49,57]. Lower 
gluten doses (3–7.6 g/day) also increased mucosal IEL of patients within 2 weeks [24]. Gluten 
challenges of 10–25 g/day increased mucosal IEL counts in 95% to 100% of adult or adolescent 
patients with diagnosed or suspected CD within 1 to 2 months [59], and 3 to 14-months [55,59]. 
Increased IEL were found in 55% and 80% of diagnosed CD patients receiving, respectively, 1–3 
g/day and 3–5 g/day of gluten for 3 months [54]. 
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3.6.2. Mucosal Histology 

Figure 6 illustrates the proportion of adult diagnosed or suspected CD patients responding by 
abnormal small bowel mucosal histology throughout a gluten challenge. 

Figure 6. Percentage of adult patients with diagnosed or suspected CD showing 
histological response to gluten over time. 

 

Increased biopsy Marsh scores were observed in 23% of diagnosed CD patients receiving 40 
g/day of gluten for 3 days [56], and in 70% of diagnosed CD patients receiving 16 g/day of gluten  
for 5 days [57]. Gluten doses between 1 and 7 g/day induced abnormal histology scores in 23% to 
68% of adult diagnosed CD patients within 2 weeks [24,25,29], and 67% of patients within 3 months 
[54]. In adolescents and adult patients with suspected CD, 10 g/day of gluten triggered mucosal 
relapse in 56% and 95% of them within 2 months, and 95% and 100% of them within 1 year, 
respectively [59]. Less patients with borderline CD may respond to gluten; 32% showed abnormal 
histology scores within 2 months of high-dose gluten challenge [60]. 

3.6.3. Mucosal tTGA-IgA Deposits 

A gluten challenge of at least 15 g/day for 6 months induced positive tTGA-specific mucosal IgA 
deposits in 24% of suspected CD patients [61]. 

3.6.4. Mucosal Immunohistology: Summary 

In summary, the results of gluten challenge on mucosal histology in adult patients are variable.  
More than two weeks of high-dose gluten challenge may be required to induce small intestinal  
mucosal morphology changes in the majority of patients. However, IEL can appear as early as 1 to  
2 days after gluten challenge with increased counts in all patients after 4 weeks. Mucosal tTGA-IgA 
deposits is another marker appearing in the majority of patients within 2 weeks of challenge. 
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4. Discussion 

4.1. Strength and Weaknesses 

To our knowledge, this is the first review giving an overview of gluten challenge studies in 
patients suffering from CD or suspected of having CD and the consequences on symptoms, mucosal 
damage and CD-specific antibodies. In this review, we excluded studies with patients who were on a 
regular gluten diet at the time of challenge, as their response to gluten may be lower and not 
representative for patients on a gluten-free diet. This review has, however, several limitations. The 
gluten challenges used in all studies were wheat-derived and hence, findings relate to wheat gluten. 
There is very limited data looking at the effect of barley hordein or rye secalin on CD outcomes in the 
published literature (e.g., [66,67]), but evidence exists that these prolamins induce effects different to 
wheat gluten, at least at an immunologic level. Moreover, the quoted gluten amounts in the 
publications were mostly estimates and probably not accurate. In a few studies, gluten amounts were 
analyzed by R5 ELISA probably providing better estimates. Although several studies looked at the 
effect of gluten challenge in pediatric patients, the number of studies with adult patients is limited. 
The clinical response to gluten is most likely larger in diagnosed CD patients than in patients 
suspected of having CD in whom part may not have CD. Nevertheless, the results for both groups 
were combined in the figures. Furthermore, the participants in the different studies convey a 
heterogeneous group with respect to age, gluten dose, and time on a gluten-free diet, and criteria for 
diagnosis and are therefore difficult to compare. Also methodologies for measurement of antibodies, 
biopsies, and histology were different including the cutoff levels used to define antibody or 
histological positivity. Another limitation is that in most studies in the seventies to nineties, 
AGA-IgA and AGA-IgG antibodies were most commonly measured. However, particularly 
AGA-IgA has a poor sensitivity compared to newer antibodies such as EMA-IgA, tTG-IgA, and 
DGP-IgA/IgG which may have resulted in an underestimation of the patients responding to gluten by 
positive AGA-IgA titers. 

4.2. Occurrence of Symptoms in Response to Gluten 

Until recently, no proper guidelines for categorizing symptoms were available, making it  
difficult to compare the symptoms reported in the different studies. Moreover, symptoms in response 
to gluten are not CD-specific as approximately half of non-coeliac patients also show exacerbation  
of symptoms during gluten challenge [62]. Gastrointestinal symptoms are not specific for CD.  
The predictive value of symptoms after gluten re-introduction or gluten challenge is very  
low [34,38,39,41,62]. In one study the positive predictive value of symptoms for having CD was 
52% [62]. In diagnosed adult patients, the symptom response rate seems to range somewhere 
between 65% and 85% [26,59] and most symptoms seem to occur within 1 to 2 weeks [26,59]. Less 
children (24%–42%) than adults (64%–80%) reported symptoms throughout prolonged gluten 
challenge but this may strongly depend on the methodology used in the different studies. 

In summary, symptoms upon gluten challenge are hard to predict and have low positive predictive 
value. Recently, a validated disease-specific symptom index for coeliac disease was developed, but it 
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remains to be established whether this can be used as an independent outcome measure for the 
monitoring of coeliac disease [68]. 

4.3. Occurrence of Antibodies in Response to Gluten  

The CD-specific antibody and mucosal response is more predictable than the appearance of 
symptoms. Nevertheless, considerable variation between patients exists in the time to serological 
relapse on gluten [17]. On average, about 70%–100% of diagnosed pediatric CD patients given a 
moderate to high-dose gluten challenge will have responded by AGA-IgA, EMA-IgA, and tTG-IgA 
antibodies within 3 months of moderate-to-high gluten intake. Less children responded to gluten by 
AGA-IgG than by AGA-IgA. Compared to diagnosed patients, slightly less patients suspected of CD 
developed positive antibodies, but the majority had responded by 3 months. Also low dose prolonged 
gluten challenge caused serological or histological relapse in children with (suspected) CD [25,69]. In 
these studies, mucosal changes to gluten correlated with the gluten dose given, suggesting a 
dose-dependent response to gluten. Histological relapse occurred faster in children receiving a larger 
gluten dose in children with diagnosed CD [51,70], also suggesting a dose-response effect. Therefore, 
when testing serological antibodies during gluten challenge of approximately 15 g/day on a 3 to  
6 monthly basis as recommended by the current ESPGHAN recommendations [4], most cases of  
CD should be detected. While the majority relapses in three months, for a few patients it may take 
longer to relapse, and in rare cases it may take years to relapse. Conversion to antibody negativity 
during prolonged gluten intake has been reported, suggesting that in rare cases gluten tolerance may 
develop [46,71]. 

In adult patients, the few available studies suggest that no more than half of the patients develop 
positive serum antibodies (AGA-IgA, EMA-IgA, tTG-IgA, and DGP-IgA/IgG) in response to a 
6-week to 3-month gluten challenge. The few available studies suggest that the AGA-IgA and 
EMA-IgA response rates of adult CD patients to high-dose gluten challenge was very low. This 
suggests a lower response in diagnosed adult than pediatric patients. Whether this lower antibody 
responsiveness to gluten in adults is due to a longer period of gluten withdrawal remains to be 
established. 

4.4. Occurrence of Histological Changes in Response to Gluten 

About 50% to 100% of children with diagnosed or suspected CD developed moderate to severe 
mucosal histological abnormalities within 2 to 3 months of gluten challenge. Comparable response 
rates were reported for adult patients. As can be expected, the average 3-month relapse rate in 
patients with diagnosed CD was generally higher than those with suspected CD. Some patients may 
still show histological relapse on gluten challenge continuing up to 1 or 2 years. 

The earliest stages of gluten challenge include increased density of IEL in the mucosa, crypt 
hyperplasia, and finally, the development of villous atrophy [72], which was confirmed by the 
reviewed data. The gluten challenge studies showed that mucosal IEL infiltrates respond fast to 
gluten (days to weeks) whereas the CD-associated antibodies and mucosal morphological 
deterioration appeared later within weeks to years. In some studies, relapse by abnormal histology of 
the small bowel biopsy paralleled positive antibodies [38,40,41,51]. In other studies, antibodies and 
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primarily AGA-IgA preceded the worsening of mucosal histology [30,31,39,46] whereas in one 
study the mucosal changes preceded serum EMA-IgA positivity during gluten challenge [36]. The 
AGA-IgA antibodies may appear earlier than EMA-IgA during gluten challenge [37,46]. Both in 
adults and children, symptoms were unpredictable and did not coincide with histological or 
serological relapse. Within one month of gluten challenge, serological and histological relapse does 
not occur in all cases during challenge [31,32]. In contrast, increased mucosal IEL were reported in 
almost all diagnosed pediatric and adult patients within 1 month of gluten challenge [43,45,49,53]. 
High IEL counts in the mucosa are therefore a fast and sensitive marker of responsiveness to gluten 
although not specific for CD [42,73–75]. In addition, mucosal tTG-IgA deposits are considered to 
appear rapidly in response to gluten and are both a sensitive and specific marker of early stage CD 
present in biopsy samples with normal mucosal architecture [61,76]. Although not reviewed in this 
paper, tetramer staining of gluten-specific T-cells may be supportive in the diagnosis of CD due to 
the fast appearance after start of a gluten challenge [77]. 

5. Conclusions 

To diagnose pediatric patients with suspected CD on a gluten-free diet, a moderate-to-high dose 
gluten challenge for up to 3 months should be sufficient to induce changes in mucosal histology and 
antibodies in the majority of patients. In adults on a gluten-free diet, histological and serological 
relapse rates to gluten may be slower and prolonged challenge may be considered if no relapse is 
observed. Moreover, testing for combinations of conventional and new early markers with high 
sensitivity and specificity will significantly shorten the time of gluten challenge to diagnose CD. 
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Abstract: The presence of unique carbohydrate structures in the glycocalyx/mucous 
layer of the intestine may be involved in a susceptibility to celiac disease (CD) by serving 
as attachment sites for bacteria. This host-microbiota interaction may influence the 
development of CD and possibly other diseases with autoimmune components. We 
examined duodenal biopsies from a total of 30 children, of which 10 had both celiac 
disease (CD) and type 1 diabetes (T1D); 10 had CD alone; and 10 were suspected of 
having gastrointestinal disease, but had normal duodenal histology (non-CD controls). 
Patients with both CD and T1D were examined before and after remission following a 
gluten-free diet. We performed lectin histochemistry using peanut agglutinin (PNA) and 
Ulex europaeus agglutinin (UEA) staining for Gal-���,3)-GalNAc and �����-2Gal-R, 
respectively, of the glycocalyx/mucous layer. The staining was scored based on 
dissemination of stained structures on a scale from 0 to 3. Evaluation of the scores 
revealed no difference between biopsies obtained before and after remission in the group 
of children with both CD and T1D. A comparison of this pre-remission group with the 
children who had CD alone or the non-CD controls also showed no significant 
differences. Based on our material, we found no indication that the presence of 
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Gal-���,3)-GalNAc or �����-2Gal-R is involved in the susceptibility to CD, or that the 
disease process affects the expression of these carbohydrates. 

Keywords: pediatric celiac disease; type 1 diabetes; duodenal biopsies; glycosylation; 
lectin staining 

 

1. Introduction 

The role of the adaptive immune system in celiac disease (CD) has been studied in detail over the 
past few decades, and its association with HLA-DQ2 and DQ8 is well established [1]. Association 
with other genomic regions has been demonstrated, but the individual impact of each region is  
small, and, in combination, these regions can only explain about 5% of the total genetic  
disease susceptibility [2]. Recently, there has been a surge of interest in the possible role of the 
microbiota in the etiology of CD and a wide range of other diseases, particularly with autoimmune 
components [3,4]. 

The glycocalyx/mucous layer covers the gastrointestinal tract, and acts as a semi-permeable 
barrier between the lumen and the epithelium. Bacteria in the host microbiota may use carbohydrate 
structures in the glycocalyx/mucous layer as attachment sites [5]. Inherited differences in expression 
of certain carbohydrates could lead to a predisposition to colonization with particular strains of 
bacteria, which may influence the susceptibility to CD. Alternatively, the presence of certain bacteria 
independent of inherited factors could cause an environmental predisposition to CD by altering the 
expression of carbohydrates. Also, the disease process involving inflammation of the gut mucosa 
could affect the expression of carbohydrates [6]. 

Bacteria that are decreased or enriched in the gut of CD patients compared to healthy controls 
could be important in maintaining gut homeostasis in the healthy individuals or in compromising the 
epithelial function in CD [7]. It has been shown that rod-shaped bacteria were frequently found in the 
mucosa of pediatric CD patients with active disease, as well as in another group of pediatric CD 
patients in remission on a gluten-free diet (GFD), though not in controls with no known food 
intolerances [8]. Since the rod-shaped bacteria were also present in the children in remission, this 
indicates that CD patients could be genetically predisposed to colonization with these particular 
bacteria, perhaps due to the expression of particular carbohydrates. 

The prevalence of CD in patients with Type 1 Diabetes (T1D) is estimated to be around 8% 
compared to around 1% in the general population [9]. CD and T1D share genetic risk factors with a 
strong association to HLA-DQ2 or DQ8 for both diseases [10]. According to Danish guidelines, all 
children diagnosed with T1D are screened by serology for the presence of CD-associated antibodies. 
In contrast to children with CD alone, biopsies are also taken after the implementation of a 
gluten-free diet in children with both diseases. By studying biopsies obtained from the same children 
with CD and T1D before and after remission, as well as children with CD alone or no CD at all, we 
aimed to investigate whether or not the expression of unique carbohydrate structures appeared to be 
genetically determined or affected by the inflammatory status of the tissue. 
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2. Materials and Methods 

2.1. Study Design 

We obtained duodenal biopsies from a total of 30 children. Among this group, 10 had both celiac 
disease (CD) and type 1 diabetes (T1D) (aged 5–11 years, mean = 8.6); 10 had CD but not T1D (aged 
1–14 years, mean = 5.9); and 10 were non-CD controls, verified to have normal duodenal histology 
(aged 2–17, mean = 7.9), but who could have other gastrointestinal diseases, chiefly 
gastroesophageal reflux disease. The group with both CD and T1D were examined both before and 
after remission (2–4 years after first biopsy) following introduction of gluten-free diet (GFD). 
Biopsies were scored according to the Modified Marsh classification [11] (Table 1). 

Table 1. Biopsy Marsh scores for individual patients. Group A consists of patients with 
both celiac disease (CD) and type 1 diabetes, so each patient has two scores: untreated 
and after remission (GFD). Group B patients have CD only, and Group C patients do not 
have CD (normal biopsies), but may have other diseases. 

Group A 
Patient ID 

CD + T1D 
Untreated 

CD + T1D 
GFD 

Group B 
Patient ID 

CD 
Group C 

Patient ID 
Non-CD 

A1 3A 0 B1 2 C1 0 
A2 3C 0 B2 3B C2 0 
A3 2 0 B3 3C C3 0 
A4 2 0 B4 3B C4 0 
A5 3B 0 B5 3B C5 0 
A6 3C 0 B6 3C C6 0 
A7 3C 0 B7 3C C7 0 
A8 3A 0 B8 3C C8 0 
A9 3B 0 B9 3C C9 0 

A10 3C 0 B10 3C C10 0 

2.2. Lectin Histochemistry 

We performed lectin histochemistry using peanut agglutinin (PNA) and Ulex europaeus 
agglutinin (UEA) staining carbohydrates in glycolipids or glycoproteins of the glycocalyx/mucous 
layer. PNA specifically binds the galactose sequence Gal-���,3)-GalNAc, and UEA specifically 
����	� �#�� ���
	�� 	�������� �����-2Gal-R [12]. Briefly, duodenal biopsies were embedded and 
snap-frozen in liquid nitrogen immediately after gastroscopy. Cryosections were fixed, followed  
by blocking of endogen biotin with an Avidin Biotin kit (DAKO, Glostrup, Denmark) and  
then incubated with biotinylated lectin, rinsed, and followed by incubation with horse radish 
peroxidase (HRP)-conjugated streptavidin (DAKO). Bound lectins were visualized using the HRP 
substrate carbazol. 

The staining was scored based on dissemination of stained structures in the epithelial cell layer on 
a scale from 0 to 3, where 0 represents no staining of the epithelial cell layer, 1 represents staining in 
the cytoplasm of epithelial cells, 2 represents staining of cytoplasm and glycocalyx, and 3 represents 
staining of cytoplasm and glycocalyx, in addition to villus goblet cells. The observed staining pattern 
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was hierarchical as described. Staining of crypt goblet cells was not considered in the analysis. 
Intensity of staining was not included in the score. 

2.3. Ethics 

The study was approved by the Regional Committee for Biomedial Research (VF-20050134) and 
by the Danish Data Protection Agency (DOK 2709660991). 

2.4. Statistical Methods 

Statistical analysis was performed with non-parametrical tests using the GraphPad Prism  
software [13]. A statistical significance limit of p < 0.05 was chosen. 

3. Results 

PNA staining patterns are illustrated in Figure 1 with examples of staining in samples from a CD 
patient (Figure 1a), a CD + T1D patient untreated and treated with a GFD (Figure 1b,c, respectively), 
and finally a non-CD patient (Figure 1d). Some degree of PNA staining was evident in all samples in 
all groups (Table 2) with a score of 1 as the lowest (Figure 1a), where only cytoplasmic was 
observed. Figure 1b,c show PNA staining of biopsies obtained from the same patient (A7) with both 
CD and T1D before and after treatment with GFD. In the case of patient A7, the score went up from 
2 in the untreated state to 3 after treatment, but this was not a consistent trend for this group of 
patients as a whole. A score of 2 (Figure 1b) includes staining of the brush border as well as 
cytoplasm, and a score of 3 (Figure 1c,d) indicates additional staining in some, but not necessarily all 
villus goblet cells. The PNA staining in goblet cells appeared localized to spots inside the cells. 

Figure 1. Peanut agglutinin (PNA) staining. (a) Patient B3 (CD, untreated), score 1; (b) 
Patient A7 (CD+T1D, untreated), score 2; (c) Patient A7 (CD + T1D, on GFD), score 3; 
(d) Patient C2 (non-CD), score 3. Thin arrows mark staining of cytoplasm of epithelial 
cells. Thick arrows mark staining of glycocalyx. Arrowheads mark staining in goblet 
cells. 

 
(a) 
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Figure 1. Cont. 

 
(b) 

 
(c) 

 
(d) 
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Table 2. Peanut agglutinin staining scores. Stained sections of biopsies from patients in 
Groups A (before and after remission), B, and C were scored as follows: 0 represents no 
staining of the epithelial cell layer, 1 represents staining in the cytoplasm of epithelial 
cells, 2 represents staining of cytoplasm and glycocalyx, and 3 represents staining of 
cytoplasm and glycocalyx, as well as goblet cells. 

Group 
 

Score 

A  
CD + T1D 
Untreated 

A  
CD + T1D GFD 

B CD C  
Non-CD 

3 0 2 0 2 
2 5 4 1 0 
1 5 4 9 8 
0 0 0 0 0 

Median score 1.5 2 1 1 

UEA staining patterns are illustrated in Figure 2 with samples from a non-CD patient, a  
CD + T1D patient before and after treatment with GFD, and a CD patient. UEA staining was 
observed in all patients except one: C4 (Figure 2a). A score of 1 (cytoplasmic staining alone) was not 
given to any samples (Table 3). In general, the UEA staining appeared more intense in comparison to 
PNA staining. This was especially evident in goblet cells (Figure 2b,d). 

Figure 2. Ulex europaeus agglutinin (UEA) staining. (a) Patient C4 (non-CD), score 0;  
(b) Patient A1 (CD + T1D, untreated), score 3; (c) Patient A1 (CD + T1D, on GFD),  
score 2; (d) Patient B5 (CD), score 3. Thin arrows mark staining of cytoplasm of 
epithelial cells. Thick arrows mark staining of glycocalyx. Arrowheads mark staining in 
goblet cells. 

 
(a) 
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Figure 2. Cont. 

 

(b) 

 
(c) 

 
(d) 
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Table 3. Ulex europaeus agglutinin lectin staining scores. Stained sections of biopsies 
from patients in Groups A (before and after remission), B, and C were scored as follows:  
0 represents no staining of the epithelial cell layer, 1 represents staining in the cytoplasm 
of epithelial cells; 2 represents staining of cytoplasm and glycocalyx; and 3 represents 
staining of cytoplasm and glycocalyx, as well as goblet cells. 

Group 
 

Score 

A  
CD + T1D Untreated 

A  
CD + T1D GFD 

B CD 
C  

Non-CD 

3 5 4 10 5 
2 5 6 0 4 
1 0 0 0 0 
0 0 0 0 1 

Median score 2.5 2 3 2.5 

Scores from biopsy sections stained with PNA lectin are presented in Table 2. We performed 
three sets of statistical analysis to test if the scores reflected differences between the groups. 

First, we compared the patients in Group A with both CD and T1D before (untreated) and after 
treatment with a GFD using the Wilcoxon signed-rank test for matched pairs. The median scores 
were 1.5 and 2 for the untreated and GFD-treated groups, respectively, with no statistically 
significant difference (p = 0.25). 

Secondly, we compared the groups A untreated, B and C using the Kruskal–Wallis one-way 
ANOVA with Dunn’s post test and found no statistically significant differences between any of the 
groups. 

Finally, we combined the results from the two groups with inflamed tissue (A untreated and B, 
median = 1) and compared with the combined results from the two groups without inflammation  
(A GFD and C, median = 1) in a Mann–Whitney test and found no statistically significant difference  
(p = 0.38). Likewise, there was no difference between the combined groups with CD (A untreated 
and B, median = 1) when compared with the non-CD group C (median = 1) (p = 0.88). 

Scores from biopsy sections stained with UEA lectin are presented in Table 3. We performed 
statistical analyses analogous to the statistical tests described above for PNA lectin, and found no 
difference in the comparison between Group A untreated and GFD-treated (p = 1.00), no difference 
between any of the groups A untreated, B and C, and also no difference when the combined group  
with inflammation (median = 3) was compared with the combined group without inflammation  
(median = 2) (p = 0.09), or when the combined groups of CD patients (median = 3) were compared 
with the non-CD group C (median = 2.5) (p = 0.23). 

Combining the results in Tables 2 and 3 did not indicate any difference between the four groups in 
combined PNA/UEA staining with medians of 2, 2, 2.5 and 2, respectively. 

4. Discussion 

In our study, we found no difference in UEA and PNA lectin staining in biopsies from the same 
pediatric CD patients before and after remission. It should be noted that these children also had  
T1D, another autoimmune disease whereby the composition of commensals in the gastrointestinal  
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tract could be of pathogenic importance [14]. Likewise, we found no difference when biopsies 
showing CD-associated inflammation were compared to biopsies with normal histology. 

Earlier work has shown somewhat conflicting results regarding the reactivity of PNA in CD 
biopsies. PNA has been reported to not show any reactivity at all in patients or controls [15], to be 
upregulated in goblet cells of CD patients compared to controls [16], or downregulated in the 
glycocalyx of CD patients in a study where no reactivity in goblet cells was noted [8]. There is more 
agreement with regards to UEA reactivity, which was shown to be upregulated in goblet cells of CD 
patients in two of these studies [8,15]. Some methodological differences between these studies and 
our own could in part explain the discrepancies: whether it is children or adults being studied, the 
origin of the biopsy (jejunum as opposed to duodenum), and the specific structures included in the 
analysis (e.g., crypt goblet cells versus villus goblet cells). 

It has been well described that the bacterial microbiota is important for the function of  
the mucosal immune system, and proper development of gut-associated lymphoid tissue is  
dependent on bacterial presence and influenced by the composition of the microbiota [17–19]. 
Colonization of germ-free mice with Bacteroides modulated the expression of numerousl genes 
involved in diverse intestinal functions including maintenance of intestinal permeability [20]. In rats, 
it was shown that the composition of the commensal microbiota can modulate intestinal permeability 
with certain bacterial strains increasing permeability, and other (probiotic) strains reducing 
permeability [21]. Colonization with such probiotic strains of bacteria could potentially reduce 
intestinal inflammation [22], and be beneficial in the context of celiac disease, whereas colonization 
with other strains could be detrimental. 

Characterization of the bacterial population in the human gastrointestinal tract is currently 
intensely investigated [23], and it remains an important issue to define how the composition of the 
commensal microbiota is determined. It is clear that the exposure to diverse bacterial strains in different 
environments plays an important role, but a genetic predisposition to colonization with particular 
bacterial strains is also likely to influence the composition of the microbiota [24,25]. Such a genetic 
component could be the result of inherited differences in the expression pattern of unique 
carbohydrate structures in the glycocalyx/mucous layer. This could influence bacterial composition  
if bacteria can utilize carbohydrates for colonization, as was proposed for Bacteroides using  
glycans [26]. Recently, it was found that the genetically determined AB0 blood group system can 
modulate the composition of the human intestinal microbiota [27]. Furthermore, the secretor status 
encoded by the FUT2 gene, which defines the expression of the AB0 blood group antigens in the 
mucus, is associated with the composition of intestinal bifidobacteria [28]. If the AB0 antigens are 
present in the mucosal layer, they could facilitate bacterial colonization by acting as attachment sites 
or carbon sources. In a Finnish study, it was found that 14.7% of a healthy control population was 
homozygous for a nonsense mutation in the FUT2 gene leading to non-secretor status [29]. The 
non-secretor status was positively associated with CD susceptibility, and the frequency of 
non-secretors was increased to 18% in the CD population. 

It appears likely that the composition of the intestinal microbiota is associated with the development 
of CD [30], either through a genetic predisposition, environmental influence, or infection  
with pathogens [31]. Several studies point to differences in the microbiota between CD patients  
with active disease, CD patients in remission, and normal controls [32–34]. Moreover, animal 
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models have demonstrated how gluten-induced enteropathy can be modulated by the bacterial 
microbiota [35,36]. The presence of rod-shaped bacteria in intestinal mucosa was shown to be 
frequently associated with pediatric CD patients regardless of disease status (patients with active 
disease, compared to another group of patients in remission), but not with controls [8]. This  
was linked with differences in lectin staining of biopsies from the three groups in the study with  
UEA staining being more intense and widespread in CD patients (active CD or treated) compared  
to controls, and PNA staining being less widespread and intense in both groups of CD  
patients compared to controls. These findings could be explained by either a genetic predisposition  
to express certain carbohydrates in people who develop CD, or by the effect that the components  
of the microbiota, such as the rod-shaped bacteria associated with CD patients, could have  
on glycosylation. 

Although not evident in our study, there is indication that inflammatory processes can alter the 
expression of carbohydrates in the gut. A characterization of the human MUC2 mucin in colon 
revealed a complex glycosylation pattern in healthy individuals [37]. This pattern was altered with a 
shift towards smaller and less complex glycans in patients with active ulcerative colitis [38]. 
Interestingly, this effect was reversed after remission of disease, arguing against a genetic reason for 
the shift. 

With respect to CD in future studies, it would be relevant to investigate other differences in mucus 
glycosylation that are not detected by UEA or PNA staining. Also, potential differences in other 
modifications, such as sulfation, could be relevant in CD [39]. Our limited study supports the notion 
that glycosylation is independent of disease activity as previously shown by Forsberg and colleagues 
[8]. In contrast to that study, however, we could not demonstrate a difference in lectin staining between 
CD patients, either with or without T1D or combined, when compared to non-CD controls. 

5. Conclusions 

In our study, we did not identify any differences in the staining pattern of the lectins PNA or UEA 
in duodenal biopsies between samples obtained before and after remission in the same children with 
both CD and T1D. Also, we did not observe any differences in lectin staining between children with 
both CD and T1D, children with CD alone, or non-CD controls. In conclusion, we found no 
indication that the presence of unique carbohydrate structures bound by PNA or UEA is involved in 
the susceptibility to CD, or that the inflammation caused by the disease affects the glycosylation 
process. 
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Abstract: Celiac disease (CD) is an autoimmune-mediated enteropathy triggered by 
dietary gluten in genetically prone individuals. The current treatment for CD is a strict 
lifelong gluten-free diet. However, in some CD patients following a strict gluten-free 
diet, the symptoms do not remit. These cases may be refractory CD or due to gluten 
contamination; however, the lack of response could be related to other dietary 
ingredients, such as maize, which is one of the most common alternatives to wheat used 
in the gluten-free diet. In some CD patients, as a rare event, peptides from maize 
prolamins could induce a celiac-like immune response by similar or alternative 
pathogenic mechanisms to those used by wheat gluten peptides. This is supported by 
several shared features between wheat and maize prolamins and by some experimental 
results. Given that gluten peptides induce an immune response of the intestinal mucosa 
both in vivo and in vitro, peptides from maize prolamins could also be tested to determine 
whether they also induce a cellular immune response. Hypothetically, maize prolamins 
could be harmful for a very limited subgroup of CD patients, especially those that are 
non-responsive, and if it is confirmed, they should follow, in addition to a gluten-free, a 
maize-free diet. 

Keywords: celiac disease; cellular immune response; maize prolamins; zeins 
 
1. Introduction 
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Celiac disease (CD) is an immune-mediated enteropathy triggered by dietary wheat, rye and 
barley gluten (water-insoluble proteins) in genetically predisposed individuals [1]. Characteristic 
features of CD involve crypt hyperplasia, intra-epithelial lymphocytosis and villus atrophy of the 
intestinal mucosa. These injuries affect intestinal function and nutrient absorption, which can cause a 
variety of gastrointestinal and extra-intestinal symptoms [2]. 

Intestinal mucosa damage in CD patients begins with an innate response that leads to a cellular 
immune response [3]. First, prolamin peptides from gluten, which are resistant to human digestion, 
interact with a chemokine receptor, inducing zonulin release and a subsequent tight junction  
disassembly [4]. Then, the damaged barrier allows the arrival of gliadin peptides to the lamina 
propria, where tissue transglutaminase (tTG) deamidates specific glutamine residues to confer an 
overall negative charge. These peptides are bound to the human leucocyte antigen (HLA) DQ2 or 
DQ8 molecules, in antigen presenting cells, which present them to T-cells to develop the full 
immune response required for CD [5]. In addition to gluten peptides, self tTG is presented to T-cells, 
which triggers an auto-immune response. Therefore, CD is considered an autoimmune disease. 

CD symptoms disappear in the majority of patients after dietary gluten withdrawal; however, in  
some patients, the symptoms are still present even after they adopt a strict gluten-free diet [6]. This is  
due to either refractory CD or to the presence of gluten as a contaminant or as a non-declared additive  
in foods [7]. Additionally, the lack of response to dietary gluten withdrawal in a very limited 
subgroup of patients, could be due to other dietary proteins present in the gluten-free diet, such as 
those from maize, which is a common alternative ingredient used in gluten-free diets. 

It has been demonstrated that zeins, the maize prolamins, are able to induce an inflammatory 
response through contact with the mucosa in some CD patients [8]. Furthermore, IgA antibodies 
from some CD patients can recognize zeins [9], even after lime and/or enzymatic treatments [10]. 
Perhaps, in active CD, peptides derived from zeins could exacerbate the immune response in the 
intestinal mucosa, because they have sequence characteristics and/or electronegative residues that 
resemble gluten peptides. 

2. Supporting Experimental Results 

Table 1 summarizes the similarities between maize prolamin peptides and wheat celiac-toxic 
gluten peptides that are involved in the pathogenesis of celiac disease. These results support the 
hypothesis that peptides from zeins that are resistant to human digestion are able to induce a 
celiac-like immune response in some CD patients by a similar mechanism to that triggered by wheat 
gluten peptides. 

2.1. Incomplete Protein Digestion 

Pepsin and trypsin, the main peptidases of the intestinal tract, cannot completely digest wheat 
gluten, because they are unable to cut its 15% proline-containing polypeptides [11,12]. The result is 
the release of peptides larger than nine amino acids, which are capable of eliciting innate and 
adaptive immune responses [13]. The proline content of zeins is also high (9%) and, although zeins 
contain bonds that pepsin can cut, they also contain cysteine residues with disulfide bonds that 
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obstruct digestion by pepsin [14]. All together, the ability of trypsin to digest zeins is low due to their 
low number of cleavage sites, low solubility [15] and secondary conformation [16]. 

Table 1. Similarities between maize prolamin peptides and wheat celiac-toxic gluten 
peptides that are involved in the pathogenesis of celiac disease (CD). NO: nitric oxide;  
NOS: nitric oxide synthase; HLA-DQ2 or DQ8: human leucocyte antigen molecules;  
IFN-$: interferon gamma. 

Step in CD 
Pathogenesis 

Characteristics of Celiac-Toxic  
Peptides from Wheat Gluten 

Characteristics of Maize Prolamins 
That Could be Inducers for CD 

Incomplete  
protein digestion 

Gastrointestinal peptidases do not digest the 
proline-rich wheat gluten polypeptides completely, 
which releases peptides larger than nine amino 
acids [11,12]. 

Digestion of zeins is poor due to relatively 
high concentrations of glutamine, proline 
and cysteine residues [14–16]. 

Innate immune 
response 

Increased levels of NO were produced by 
challenged granulocytes and NOS expression was 
increased in enterocytes from CD patients’ small 
intestine biopsies [17,18]. 

Proteins from maize caused granulocyte 
activation in a rectal challenge in six out of 
13 CD patients tested [8]. 

Adaptive immune 
response: 
deamidation of 
peptides by tTG 

Gluten peptides deamidated by tTG in the lamina 
propria contain negative charges [19–21]. 

Maize prolamins deamidated by TG  
in vitro were better recognized than native 
ones by IgA from some CD  
patients’ sera [22]. 

Adaptive response: 
increased affinity 
of HLA-DQ2/DQ8 
on antigen 
presenting cells to 
bind peptides 

HLA-DQ2 prefers negatively charged amino 
acids from gluten peptides at the p4, p6 or p7 
positions in the peptide, while HLA-DQ8 prefers 
them at positions p1 or p9 [20]. 

Peptides from digested maize prolamins 
have glutamine at positions p1 and p9 that 
can be deamidated by tTG and bind to 
HLA-DQ8 [23,24]. Other peptides can be 
bound by HLA-DQ2 [10]. 

Adaptive response: 
processing and 
presentation of 
peptides 

After processing, the deamidated gluten peptides 
are presented to T-cells. Then, B-cells are induced 
to proliferate and produce antibodies [25]. 

T-cells from the intestine of one out of 
seven CD patients stimulated by maize 
prolamins and teff produced low IFN-$�	�
compared to wheat, but higher than control 
and other non-wheat grains [26]. 
Additionally, IgA antibodies against maize 
prolamins were detected in several CD 
patients [10,27]. 

Adaptive response: 
role of antibodies 
against dietary 
prolamins 

Roles of tTG-specific antibodies induced by gluten 
in CD patients could be: inhibiting epithelial cell 
differentiation and inducing  
their proliferation, increasing epithelial and 
 blood vessel permeability and affecting 
angiogenesis [28]. 

Although the levels of antibodies against 
gluten decrease in some CD patients 
following a gluten-free diet, antibodies 
against maize prolamins remained high 
until both gluten and maize were  
avoided [29,30]. 

Adaptive response: 
activation of 
T-cells 

Activated T-cells drive the inflammatory 
response that leads to the development of the 
characteristic celiac lesions and the symptoms 
[31]. T-cells induce damage mostly by IFN-$�
production [32]. 

Neither the intestinal lesions nor the CD 
symptoms were alleviated with a  
gluten-free diet when maize was  
still eaten [29]. 
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2.2. The Inflammatory Process 

Nitric oxide (NO) production is involved in the innate inflammatory response mediated by 
macrophages in CD, and it has been detected in cultured gluten-challenged small intestine  
biopsies [17]. Additionally, there is an elevated expression of mRNA encoding the major inducible 
isoform of NO synthase II (iNOS) in untreated CD patients [18]. After rectal wheat gluten challenge 
in CD patients, granulocyte activation precedes NO production. Furthermore, some patients  
have been found to display signs of a similar inflammatory reaction after challenge with maize 
prolamins [8]. 

2.3. Deamidation of the Peptides 

Gluten peptides are transported across the epithelial barrier to the lamina propria, where tTG 
changes the glutamine residues to glutamic acid. Antigen-presenting cells then process these 
negatively charged peptides and increase their affinity for the major histocompatibility complex 
(MHC) class II molecules, HLA-DQ2 and HLA-DQ8. These immunogenic peptide fragments can 
stimulate HLA-DQ2- and HLA-DQ8-restricted T-cells and trigger an adaptive response in the 
lamina propria [19–21]. Maize prolamins likely are also deamidated by tTG, because IgA from CD 
patients was more immunoreactive against maize prolamins extracted from maize bread, treated with 
microbial transglutaminase, than against maize prolamins from untreated bread [22]. 

2.4. Affinity of HLA/DQ8 Molecules to Bind Peptides 

Adaptive responses to gluten initiate when dendritic cells phagocytose gliadin peptides and 
present them to undifferentiated T helper cells, whose activation is crucial for the development of 
CD. Peptide deamidation by tTG increases the affinity of HLA-DQ2/DQ8 for these peptides. 
HLA-DQ2 has an affinity for negatively charged amino acids at the p4, p6 or p7 positions in the 
peptide, while HLA-DQ8 has an affinity for those residues at positions p1 and p9 [23]. The primary 
amino acid sequences of maize zeins can fit into these HLA binding sites once they are deamidated. 
Through in silico analysis, Darewicz et al. [24] identified a high degree of homology between two 
zein peptides and the celiac-toxic peptides from prolamins found in wheat, barley and rye (gliadins, 
hordeins and secalins, respectively). Moreover, we #�����������������������	����������-zein 58–91) 
that is resistant to complete digestion and which has characteristics that would allow it to bind to 
HLA-DQ8 [10]. In addition to this peptide, Table 2 provides the sequence of a 33-�������-gliadin 
56–88) peptide that is a potent T-cell stimulator [19]. 

Table 2. Theoretical peptide sequences that bind to HLA-DQ2/DQ8 molecules. After 
deamidation by tTG [33], glutamine residues (underlined) became glutamic acid, which 
is an electronegative residue that binds to p4 and 6 in HLA-DQ2 and p1 and 9 in 
HLA-DQ8. 

Food Peptide Sequence Affinity Reference 
Wheat �-Gliadin LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF HLA-DQ2 [19] 
Wheat � Gliadin LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF HLA-DQ8 [19] 
Maize �-Zein LQQAIAASNIPLSPLLFQQSPALSLVQSLVQTIR HLA-DQ8 [10] 
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2.5. Processing and Presentation of Peptides 

Peptides of gliadin are deamidated by tTG, phagocytosed, processed and transported to the cell 
surface in dendritic cells via MHC class II molecules. Subsequently, the peptides are presented to 
infiltrated T helper cells that recognize deamidated peptides and trigger the proliferation of specific  
B-cells and the production of IgA anti-gliadin and anti-transglutaminase antibodies [25]. Some celiac 
patients contain B-cells that produce anti-maize prolamin IgA antibodies that do not cross-react with 
anti-wheat prolamins [10,27]. 

2.6. Role of Antibodies 

After the DQ2-/DQ8-dependent activation of CD4+ T-cells, B-cells are stimulated and produce  
auto-antibodies. These auto-antibodies in the intestinal lumen could be involved in disease 
pathogenesis in various ways. For instance, they could be involved in inhibiting epithelial cell 
differentiation, augmenting epithelial cell proliferation, increasing epithelial and blood vessel 
permeability and affecting angiogenesis [28]. In some CD patients on a gluten-free diet, including 
maize-based foods, the anti-gliadin and anti-tTG antibody titers diminished, but the symptoms 
persisted [29,30]. Total symptom remission in these cases was achieved only with a gluten- and 
maize-free diet [30]. It is possible that partial production of anti-tTG antibodies, in addition to 
anti-zein antibodies, continued to affect the intestinal mucosa when dietary maize was present. 

2.7. Activation of T-Cells 

The activation of gliadin-reactive CD4+ T-cells results in the production of cytokines that drive  
an inflammatory response, which leads to the development of the characteristic CD lesions and 
symptoms [31]. Gluten-specific T-cells induce tissue damage mostly by the production of interferon 
(IFN)-$� ������ �#���� �	� 	
��� ��������� 
�� �-cells being simulated by maize prolamins: intestinal 
T-cells cultured from CD patients were challenged with maize prolamins in vitro, and T-cells  
from one out of seven samples produced IFN-$�	����	����
���-cell stimulation [26]. Although this 
patient response was not specific, maize and teff peptides produced higher levels of IFN-$�����������
154.4 pg/mL, respectively) than the negative control (10.9 pg/mL) and others “non-toxic” grains 
(���������\`� 

Dietary gluten withdrawal has been demonstrated to induce mucosal recovery and the 
disappearance of CD symptoms. Nevertheless, some patients on gluten-free diet have forms of CD 
that do not respond to this diet. This could be due to a higher sensibility of these patients to 
“gluten-free” foods that still contain some traces of gluten [34] or to the presence of other cereal 
prolamins, such as those in maize in a very limited subgroup of CD patients. 

3. Potential Links between Zeins and CD 

Based on the similarities between wheat and maize prolamins discussed above, we can infer that 
the innate and adaptive responses to zeins would be similar to the response against gliadins in CD 
patients. Nevertheless, it is necessary to identify whether zeins contain immunodominant and minor 
epitopes similar to those found in gliadins after proteolysis. Some authors have found that there is no 
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effect on T-cell activation or pro-inflammatory cytokine secretion when CD patient biopsies were 
treated with whole pepsin-trypsin digested prolamins from maize [26,35]. Therefore, there is a need 
to evaluate the effect of isolated immunogenic peptides from maize prolamins, which can be 
obtained by in silico analysis [10]. 

The evaluation of the response of immune cells to gliadins includes the increased expression of 
surface receptors and the production of different cytokines for both tissue and immune cells. Some of 
these receptors include HLA-DR (human leucocyte antigen), CD54 or ICAM-1 (intercellular 
adhesion molecule), CD3 (in mature T-cells), CD25 (interleukin-2 receptor) and CD69 (in activated 
T-cells and natural killer cells) [36,37]. Cytokines that would be produced include interferon gamma, 
interleukins (IL) 2 and 15 and zonulin [13,38–40]. To evaluate the immune response, an analysis of 
the protein expression of these markers can be performed after CD patient biopsies are challenged 
with zein peptides. These ex vivo digested-peptide challenge analyses are considered useful tools to 
evaluate the safety of non-gluten prolamins in a gluten-free diet [26,40]. 

There is evidence that after a short gluten challenge in treated CD patients, gluten-specific T-cells 
are present in peripheral blood [41–44]. After this in vivo challenge, peripheral blood mononuclear 
cells can be isolated and activated with gluten peptides for quantitative detection of 
pro-inflammatory cytokines and direct detection of HLA-DQ2 tetramer specific for gliadins. For 
both cytokine measurements and the detection of an immune response, these techniques would be 
very useful in the evaluation of the effect of maize prolamins on the immune response in CD patients. 

4. Conclusions 

Although reaction to maize prolamins in CD patients appears to be a rare event, the confirmation 
that they play a role in the pathogenesis of CD will be useful information for the follow-up of some  
non-responsive celiac patients. It is estimated that approximately 10% to 18% of these cases  
are refractory CD, which represents a more severe CD, with a clear malignity and a less favorable 
prognosis [7]. Therefore, it is important to assess these clinical cases, because uncontrolled CD can 
lead to several malabsorption problems, osteoporosis and other autoimmune diseases [45]. 

Maize is one of the most commonly consumed grains in the gluten-free diet. Despite the low 
content of zeins in maize-containing foods compared with that of gliadins in wheat-containing foods, 
maize could be responsible for persistent mucosal damage in a very limited subgroup of CD patients. 
If our hypothesis is proven, zeins could be classified as harmful for some CD patients, especially 
those showing a poor response to a gluten-free diet. 
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Abstract: Osteoporosis affects many patients with celiac disease (CD), representing the 
consequence of calcium malabsorption and persistent activation of mucosal 
inflammation. A slight increase of fracture risk is evident in this condition, particularly in 
those with overt malabsorption and in postmenopausal state. The adoption of a correct 
gluten-free diet (GFD) improves bone derangement, but is not able to normalize bone 
mass in all the patients. Biomarkers effective in the prediction of bone response to 
gluten-free diet are not yet available and the indications of guidelines are still imperfect 
and debated. In this review, the pathophysiology of bone loss is correlated to clinical 
aspects, defining an alternative proposal of management for this condition. 

Keywords: celiac disease; osteoporosis; gluten-free diet; bone densitometry 
 

1. Introduction 

Osteoporosis is a condition characterized by low bone mass and micro-architectural deterioration 
of bone tissue resulting in enhanced bone fragility and an increase in fracture risk [1]. It affects more 
than 75 million people in developed countries, causing 8.9 million fractures annually worldwide. 
Osteoporotic fractures account for 2.8 million disability-adjusted life years annually: to make this 
even clearer, this index is higher than other conditions, such as breast cancer, gastric cancer and 
hypertension [2]. There is a general agreement in the literature that more than 75% of untreated adult 
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celiac disease (CD) patients with an overt malabsorption syndrome at diagnosis suffer from a loss of 
bone mass [3–9], and this complication also affects about half the patients with subclinical CD, 
presenting with minimal, transient and apparently unrelated symptoms [3,9], or asymptomatic 
patients diagnosed because of their first-degree kinship [4]. 

Moreover, an increased prevalence of celiac disease in osteoporotic patients was reported [10–12] 
and, even if this result was not confirmed by others [13–15], all previous results show the importance 
of the problem from a clinical point of view. On the contrary, the value of active screening for CD in 
patients with otherwise unexplained bone loss is still under debate. 

Accordingly, there is no doubt that CD is a condition at high risk for secondary osteoporosis, and 
the evaluation of bone mass and mineral metabolism is thus very important in the clinical management 
of these patients. In the last few years, while the mechanisms of bone derangement in CD have been 
extensively studied, less attention has been paid to the clinical management of this complication: there is 
in fact very little information available on the timing of the first bone mineral density (BMD) 
measurement, on follow-up frequency, even on the best treatment options. 

2. Bone Damage and Mineral Metabolism Derangement in Celiac Disease 

Intestinal malabsorption and inflammation contribute to the pathophysiology of bone damage  
in CD. Villous atrophy is responsible for alterations of intestinal absorption, and a negative  
calcium balance was shown in CD patients due to several mechanisms: malabsorption of calcium in 
untreated patients [16], partially reversible after gluten-free diet (GFD) [17]; the reduction of 
calcium intake [18] also due to a secondary lactose intolerance [19]; and the reduction of intestinal 
calcium absorption due to its binding to intraluminal unabsorbed fatty acids [16]. Hypocalcemia can 
induce a compensatory increase of serum levels of parathyroid hormone (PTH), in turn responsible 
for an increase of bone turnover [7,20]: in untreated CD, serum PTH correlates with markers of  
both bone synthesis, such as osteocalcin, as well as resorption, like telopeptide of type I collagen  
(ICTP) [5]. Bone resorption is faster than bone neoformation, resulting in net bone loss and a high 
turnover osteoporosis [21]. The increase of serum PTH enhances the activity of the renal enzyme 
1-�-hydroxylase, which converts 25-vitamin D into 1,25 vitamin D, in order to improve calcium 
absorption at intestinal level. However, this effort is ineffective, mainly due to the lack in immature 
enterocytes of celiac mucosa of calbindin [22], a vitamin D-dependent calcium-binding protein, 
minimizing the role of vitamin D malabsorption [23]. Finally, high levels of 1,25 vitamin D  
might have the paradoxical effect of increasing bone resorption, as shown in patients with chronic 
renal failure [4]. Accordingly, vitamin D functions are rarely impaired in untreated CD, as 
hyperconversion of metabolite 25-vitamin D guarantees adequate levels of the active form 1,25 
vitamin D. 

Intestinal malabsorption could also lead to some deficits of other minerals, fat and water soluble 
vitamins that could affect normal bone metabolism. In particular, low levels of zinc were described 
in non-treated celiac patients [24], and related to low levels of insulin-like growth factor, that are 
subsequently responsible for derangement in bone metabolism, growth and immune function [25]. 

This complex network of events is present in both overt symptomatic and subclinical CD to be a 
disease that is below the threshold of clinical detection without signs or symptoms sufficient to 
trigger CD testing in routine practice—or it is silent, equivalent to asymptomatic CD patients, even 
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if the extent of bone loss and the alterations of serum levels of indices of bone and mineral 
metabolism may be less severe than in CD patients with overt malabsorption [3]. 

More recently, much evidence has also suggested the role of both local and systemic 
inflammation in the pathophysiology of bone loss in CD, characterized by a chronic increase of both 
mucosal and serum pro-�������
������
����	���������������{����"\-1 and IL-6 [26,27]. IL-1 and 
�{��� 	�������� 
	��
��	�
����	�	� ��� �
��� ��	
����
�� ������ "\-6 has a pivotal role in bone 
resorption by recruiting osteoclast precursors and stimulating their differentiation [29]. In untreated 
CD patients, serum IL-6 levels inversely correlate with BMD [27] and directly with PTH and ICTP 
levels, a marker of bone resorption [30]. Recently, the existence of a complex cytokine imbalance in 
CD patients, affecting both osteoclast and osteoblast activity was shown: cultures of peripheral blood 
mononuclear cells of healthy donors with sera of untreated CD patients result in an increase in 
osteoclast number and IL-6 levels, together with an inhibition of IL-12 and IL-18 [31], two cytokines 
showing an in vitro inhibitory effect on osteoclastogenesis and osteoclast activity [32,33]. 

In the last 15 years, great attention has been given to the RANKL/RANK/osteoprotegerin pathway, 
that is today considered the main signaling system in bone metabolism. The receptor activator of 
nuclear factor �B ligand (RANKL) is expressed and secreted by osteoblasts; it binds RANK, located 
on the surface of osteoclast precursors, to induce the differentiation of these cells into mature 
osteoclasts, promoting bone resorption. Osteoprotegerin (OPG) is also secreted by osteoblasts; it acts 
as a decoy receptor for RANK and blocks RANK–RANKL interaction [34]. In CD patients, an 
increased level of OPG and RANKL was described, with an OPG/RANKL ratio significantly lower 
than controls. Moreover, the OPG/RANKL ratio was correlated with spine BMD [35] and with IL-6 
levels [31]. 

The pathophysiological role of autoantibodies against OPG is also debated, as in a recent paper 
the presence of these antibodies was detected in a man with CD, high bone turnover and severe 
osteoporosis not responsive to GFD and to calcium and vitamin D supplementation [36]. This 
observation was not confirmed by a subsequent study on a large cohort of CD patients on GFD [37]. 

Further factors are linked to endocrine and reproductive disorders, commonly part of CD clinical 
presentation. In particular, early menopause and periods of amenorrhea could occur in women, due 
partly to malnutrition and partly to hormonal imbalance, and could worsen the severity of osteoporosis 
[38]. In men, hypogonadism was described, due to a reversible androgen resistance [39] and to 
hyperprolactinemia [40], and considered a possible adjunctive factor risk for osteoporosis [41]. 
Finally, CD is frequently associated with autoimmune thyroiditis and type I diabetes mellitus [42]: 
both these disorders are at high risk for osteoporosis [43,44]. 

2.1. Effect of GFD 

Strict adherence to GFD allows BMD improvement but it is not able to normalize it in all cases. 
Mucosal recovery does not appear to be the only determining variable: in fact, with the same 
histological response, bone mass normalization is present in celiacs on GFD since early infancy [45] 
but not always in patients on GFD for the same length of time but diagnosed at a later age. In 
particular, normalization of BMD levels in childhood CD may be complete as early as after two years 
of GFD [46]. On the contrary, in adults, many cross-sectional studies demonstrated higher BMD 
levels in treated vs. untreated CD patients but still lower than in healthy volunteers [3–9,47–50]; also 
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the prevalence of alterations of indices of bone and mineral metabolism is lower in treated vs. 
untreated patients [47,51,52]. These results were shown in patients on GFD for a median duration of 
28.5 months [5], in patients on GFD from a mean of 3.6 years [47] and in a group of patients treated 
for a mean of 16 years, a very long period of GFD [52]. It is therefore evident that the early onset of 
bone damage, probably before achieving bone mass peak, is an important time point determining 
GFD-induced bone mass gain. Even longitudinal studies are of little help here, as the longest period 
of GFD evaluated was 5 years [53]. On the other hand, these studies have provided important 
information on the kinetic of bone mass recovery with the start of GFD and correlations with the 
modifications of bone-mineral metabolism parameters. Following a GFD with optimal compliance 
for a period of one year allows a significant improvement of BMD values, ranging from 5% [6] to  
8% [3] according to different studies. These results were confirmed in a larger cohort of patients 
enrolled at diagnosis and restudied after one year of GFD [8]. In a two-year study, GFD improved not 
only bone mass but also serum levels of indices of bone and mineral metabolism. BMD improvement 
was more evident after two years than after one year of GFD, suggesting that a period longer than one 
year was necessary to point out intrinsic capacities of an individual patient to recover bone mass. Serum 
levels of propeptide of type I procollagen (PICP) at diagnosis proved to be a strong predictor of bone 
mass gain after two years, suggesting the possibility of selecting the group of patients with high 
levels of bone matrix formation activity that is more likely to readily respond to GFD [54]. In a 
three-year study, BMD increased in 92% of CD patients in GFD with a mean bone mass gain around 
3%–4% per year. However, only 12% of patients showed a normalization of BMD. In particular, in a 
small group of patients, it was evident that relatively good bone mass gain was present during the 
first year, but was negligible in the subsequent study period [55]. These observations agree with a 
five-year study showing femoral and lumbar BMD values at five years similar to BMD values at 
one-year follow-up both in men and women, with the exception of trochanter values, which proved 
to be higher at five-year measurement than one-year values [53]. 

In summary, BMD values normalize only in children, when diagnosed early in infancy and if they 
follow a long-term GFD with optimal adherence. On the contrary, BMD values in adults show a good 
improvement in the first period, generally around two years, after the institution of a GFD; the 
improvement is then generally unsatisfactory and treatment with a mineral-active drug should probably 
be considered. Nevertheless, CD patients show a wide range of response to GFD and risk factors for 
osteoporosis include old age at diagnosis and the degree of osteopenia in late diagnosis, compliance to 
GFD, menstrual status, i.e., late age at menarche, early menopause, periods of amenorrhea, low body 
mass index (BMI), low dietary calcium intake, inadequate physical activity and use of 
glucocorticoids [4,52,56,57]. What appears to emerge is that as age progresses and, in women as 
menopause approaches, the ability to recover bone mass seems to diminish, being greatest in 
childhood and lowest in peri- and postmenopausal women. In this latter subgroup of patients, waiting 
two or three years to determine the extent of GFD-induced bone mass gain could thus be incorrect 
and the start of treatment with a mineral-active drug should be earlier, probably at diagnosis. 

The availability of predictive markers of GFD-induced bone mass gain could be a solution for this 
problem, but the mechanism responsible for the unsatisfactory improvement is not completely clear.  
A persistent reduction of fractional calcium absorption was shown in patients on GFD, besides the 
improvement of intestinal mucosa architecture [17], and in a subgroup of patients the persistence of a 
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secondary hyperparathyroidism and a significant correlation between serum PTH levels and femoral 
BMD were shown [17]. The possible role of secondary hyperparathyroidism was suggested by other 
papers [20,58] but also disproved [59], and the proposed pathophysiological mechanisms for the 
persistent raise of serum PTH were residual villous atrophy leading to calcium malabsorption [20], a 
reduction of calcium intake [18], but also a slow reversal of parathyroid hyperplasia [60]. Partial 
adherence to GFD [55] and incomplete mucosal recovery [57] could also have a role in subgroups of 
treated patients. 

Circulating factors secondary to persistent activation of the mucosal immune system could 
directly interfere with osteoclastogenesis and osteoblast activity. It was shown that in patients 
following GFD for a mean period of 40 months [31] the prevalence of bone damage is around 40%, 
and circulating levels of cytokines (IL-6, IL-1beta, TNF-alfa, TNF-beta, IL-12, IL-18, RANK-L, 
OPG) are significantly lower than in untreated patients, but significantly higher than in healthy 
volunteers. In particular, the osteoclastogenic activity of sera from patients on long-term GFD 
proved to be still significantly higher than sera of healthy volunteers and serum cytokine levels were 
not correlated to PTH levels [31]. An altered ratio between RANKL and OPG in untreated patients 
normalizes to healthy volunteer levels in patients on GFD [31,35]. Accordingly, the dietary treatment 
with GFD alone is not able to completely control the increased osteoclast differentiation and activity 
present in CD, as confirmed by a strong correlation between OPG/RANKL ratio and BMD [35], and 
the mechanism responsible for bone damage does not involve PTH. Finally, while a three-year 
period of GFD determines a significant decrease of IL 6, which is significantly inversely correlated  
at diagnosis with lumbar BMD, it cannot normalize IL-��� ��� "\-1 receptor antagonist serum  
levels [27]. 

Therefore, persistent inflammation in treated CD patients could have a role in the persistence of 
bone mass derangement. In particular, the predominant mechanism responsible for bone derangement 
seems different between short-term and long-term treated CD patients: in the period immediately 
after diagnosis, the malabsorption of calcium and the consequent hormonal and vitamin D alterations 
appear to be the prevalent pathophysiological mechanism, their correction allowing a satisfactory  
bone mass gain, comparable to the effect of administering mineral-active drugs in postmenopausal 
osteoporosis [61]. Unfortunately, the extent of the loss of bone mass in untreated CD is very often 
higher than the extent of the recovery induced just by GFD in the early stages of treatment and, once 
the GFD-induced metabolic surge that occurs in this phase is over, persistent bone loss seems due to 
the persistent activation of a local mechanism, related to chronic inflammation. Preliminary data 
from our group confirm this hypothesis, as an in-depth evaluation of hormonal and local factors 
suggests that high levels of OPG and low levels of PICP select the subgroup of CD patients with a 
persistent reduction of bone mass, despite strict adherence to GFD and architectural villi 
reconstitution [62]. If confirmed, these markers might be used to identify those patients who need 
mineral-active treatment associated with gluten-free diet. 

3. Fracture Risk 

BMD is only one of the factors that contribute to establishing the extent of fracture risk in 
osteoporotic patients. Other factors are related to bone mechanical characteristics, such as stiffness of 
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cortical bone, but also to inadequacy of protectors from trauma (body mass, fat and muscle 
compartments) and to neuromuscular dysfunction [63]. 

Several studies pointed out the prevalence of fracture in celiac population, but with a very 
important heterogeneity in methods (study design, sample selection, fracture data collection) and 
cohorts studied (treated/untreated CD), making available data often inconsistent and difficult to 
interpret [64]. Most authors agree on the increased prevalence of fracture in CD patients [63,65–71] 
and a recent meta-analysis evaluating a total of 20,955 CD patients and 96,777 controls described a 
risk of fracture 43% greater in CD [72]. Data on fractures were collected by mailed questionnaires, 
by personal interviews or by medical records; consequently, results on peripheral fractures might be 
more easily estimated and axial fractures underestimated. Only a cross-sectional study explored the 
existence of asymptomatic vertebral fractures by spinal X-ray and did not find an increase of 
vertebral fractures in CD patients [68]. However, if CD patients are subdivided according to the 
clinical presentation, peripheral fracture risk proves to be higher than controls in patients with overt 
malabsorption symptom, while it is similar to the general population in subclinical and silent 
presentation [71]. These data were confirmed in a more recent case-control study, pointing out a 
higher peripheral fracture risk also in men and underlining again the importance of adherence to 
GFD [63]. However, to confirm what was said above with respect to pathophysiology, in a 
population-based study in Olmsted County, CD patients showed a fracture risk twice that of controls, 
and this figure persisted unchanged during GFD [66]. 

In general, however, large population-based studies should be interpreted with care, since, for 
example, in one study on the fracture risk in CD patients on a cohort of 1021 celiac patients, a  
possible misclassification of patients could have accounted for the negativity of results, as data were 
extracted from the National Patient Discharge Register, known for a low estimated validity of 
diagnosis of CD (78%) [73]. 

It is, finally, likely that, in addition to just BMD measurement, assessment of the physical 
characteristics of bone, such as its elasticity, can add something to our understanding of the 
mechanisms that favor fractures [74,75]. Unfortunately, no studies are available that correlate bone 
ultrasound densitometry parameters with fracture risk in CD patients. 

4. Clinical Management 

Only a limited number of international recommendations are available on the clinical 
management of osteoporosis in CD, probably due to the lack of sufficient data on patient follow-up 
and the role of the menopause. As already stated, there is no clinical or biochemical marker to select 
the subgroup of patients not responding to GFD alone with an improvement of bone mass and which 
will be characterized by a high risk of fractures; accordingly, we are not able, as yet, to optimize both 
treatment and timing of BMD follow-up measurement. 

In 2000, the British Society of Gastroenterology published the guidelines for osteoporosis in  
CD [76]. General advice aimed at modifying lifestyle factor risk was provided, such as enhancing 
physical activity, stopping smoking, avoiding alcohol excess. Moreover, a daily calcium intake of 1500 
mg, even by pharmacological supplementation, and vitamin D supplementation, if inadequate serum 
levels were evident, was suggested. Bone densitometry was recommended at diagnosis for all 
patients, to detect osteoporosis early and to obtain the greatest possible benefit from treatment, or at 
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least at menopausal age for women and at the age of 55 years for men. Postmenopausal women  
with normal BMD should repeat densitometry after two years. Osteoporotic postmenopausal women 
and men over 55 years should be offered treatment and bone densitometry yearly to monitor 
treatment efficacy. 

The subsequent awareness of an ultimately low absolute risk of fracture, even if higher than in the 
general population [77], determined strong criticism of the extensive use of bone densitometry at 
diagnosis, suggesting that BMD measurement should be restricted to patients with high short-term 
fracture risk, such as patients non-compliant with GFD or who failed to respond to dietary treatment, 
on glucocorticoid therapy, with untreated hypogonadism, older age, low BMI, and previous fragility 
fracture [78]. This led to reconsideration of the guidelines and the proposal of BMD measurement  
only in clinically non-responder patients, especially those with low BMI, in menopausal women  
and after 55 years for men [79]. In 2003, the American Gastroenterological Association guidelines 
on osteoporosis in gastrointestinal disease suggested that bone densitometry should be performed  
in adults with newly diagnosed celiac disease after one year of GFD, to allow for stabilization of 
bone density, implementation of GFD, calcium and vitamin D supplementation as needed, and,  
if necessary, bisphosphonates and hormonal therapy were strongly encouraged in osteoporotic 
patients [80]. 

A Canadian Position Statement on evaluation and management of skeletal health in CD was 
recently published [81]. BMD measurement was suggested at diagnosis only in adults with classic 
CD, and after one year of GFD in adults with asymptomatic or silent CD. The latter group of patients 
should be considered for earlier BMD evaluation in the presence of risk factors such as menopause, 
older age, history of fragility fracture, unexplained iron deficiency anemia, vitamin D 
deficiency/insufficiency, and high titers for CD serological markers. Indications for follow-up  
were also given: BMD should be re-evaluated after one year of GFD in the presence of 
osteopenia/osteoporosis at diagnosis, and after two years in cases of documentation of normal bone 
mass. The assessment of bone and mineral metabolism by dosing serum calcium, albumin, 1,25 
dihydoxicolecalciferol and PTH levels should be repeated every six months until normalization. 

Clinical application of the Canadian guidelines does not, however, seem to allow substantial 
resource savings, and is thus very similar to the earlier British proposal. In patients with 
asymptomatic or silent CD with the aforementioned risk factors, early prescription of bone densitometry 
is indicated, since anemia and vitamin D alterations show a very high prevalence also in this subgroup. 
Considering the prevalence of bone loss in patients with and without overt malabsorption symptoms, 
BMD measurement could provide more important information in asymptomatic than in clinically overt 
malabsorber patients: bone loss is highly prevalent in overt malabsorption, and these patients could 
undergo mineral-active therapy as of diagnosis; conversely, asymptomatic/silent patients should be 
screened for bone loss presence. Moreover, the most important risk factor at diagnosis seems to be 
the age of the patient, and patients well over the age of peak bone mass could be treated without 
measuring BMD, while those patients below or shortly after the age of the peak should undergo 
BMD measurement. This approach seems the most correct one in optimizing the use of bone 
densitometry, but the problem remains for the free dispensing of the mineral-active drug, which in 
Italy depends on the presence of a pathological fracture. Optimization of this phase could be 
achieved by performing a radiological study of the lumbar spine in patients most at risk, such as 
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symptomatic subjects, peri- and postmenopausal women and men over the age of 55, in order to 
detect vertebral fractures, together with a complete case history for previous fractures. In Italy 
(Lombardia Region), the cost of lumbar and femoral densitometry is €88.66 (€44.33 for each 
segment), while the cost of a lumbar spine X-ray is only €34.80. 

In conclusion, there is no general agreement on the correct timing of bone densitometry in celiac 
patients; screening at diagnosis seems to be not justified in all patients and the proposed alternative 
approach is explained in Figure 1. 

Figure 1. Diagnostic and therapeutic approach to CD patients without a  
previous fracture. 
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Treatment with a mineral-active drug in association to GFD, even without BMD measurement, 
should be prescribed to patients at high short-term risk of fracture, including symptomatic patients, 
asymptomatic patients in peri and postmenopausal period, men older than 55 years, low calcium 
intake, low BMI, poor compliance to GFD, or unresponsiveness to GFD following steroid therapy; in 
these cases, measure BMD after two years of treatment. To allow the free dispensing of the drug, 
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patients should be screened for the presence of fracture and X-ray of the spine could be adequate to 
this aim. Young asymptomatic patients with a normal BMD should be re-evaluated at 
peri-menopausal period (female patients) or over 55 years (male patients). 

As regards the choice of the drug for the treatment of osteoporosis in CD, there are no longitudinal 
studies dealing with this topic and we have no information on which to base our choice in the 
individual subgroups of patients. The current approach is clearly based on post-menopausal 
osteoporosis treatment with a choice between a weekly administration of alendronate and a monthly 
administration of ibandronate. The use of denosumab, a decoy receptor for RANKL able to reduce 
the activation of the osteoclast system, seems very interesting, also on the basis of the data obtained 
on the RANK/RANKL/OPG system. The results of the first studies are awaited in order to define the 
best strategy for the different types of CD patients. 

5. Conclusions 

In conclusion, in the pathophysiology of bone derangement in CD patients, both malabsorption 
and the persistent activation of inflammation at intestinal level are important, in a two-step model. 
Biomarkers with a predictive role of the normalization of BMD levels are needed and the evaluation 
of the RANK/RANKL/OPG system could offer some inputs on this topic. 
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Abstract: Celiac disease is a chronic, immune-mediated disorder, characterized by small 
intestinal inflammation and villous atrophy after the ingestion of gluten by genetically 
susceptible individuals. Several extraintestinal manifestations have been associated to 
celiac disease. Eosinophilic esophagitis is a primary disorder of the esophagus 
characterized by upper gastrointestinal symptoms, absence of gastroesophageal reflux 
disease and more than 15 eosinophils per high-power field in biopsy specimens. Both 
celiac disease and eosinophilic esophagitis are caused by aberrant, but distinct, immune 
responses to ingested antigens and can be responsive to restricted food intake. The aim of 
this review is to assess whether there is an association between these two pathologies. In 
the majority of the studies examined, including the studies in pediatric population, the 
prevalence of eosinophilic esophagitis in subjects with celiac disease was about 10-times 
that of the general population. We suggest searching for eosinophilic esophagitis in all 
children undergoing endoscopy for suspicious celiac disease. 

Keywords: celiac disease; eosinophilic esophagitis; food allergy; autoimmune disorders 
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1. Introduction 

Celiac disease is a chronic, immune-mediated disorder, characterized by malabsorption of 
nutrients after the ingestion of wheat gluten or related proteins from rye and barley by genetically 
susceptible individuals expressing the human leukocyte antigen (HLA) class II molecules DQ2 or 
DQ8 [1] resulting in villus atrophy of the small intestinal mucosa. Prompt clinical and histologic 
improvement is observed following strict adherence to a gluten-free diet, and clinical and histologic 
relapse occurs when gluten is reintroduced [2]. Several extraintestinal manifestations, including 
anemia, osteopenia, neurologic symptoms, menstrual abnormalities, infertility, recurrent 
spontaneous abortions, growth retardation, dermatitis herpetiformis, aphthous stomatitis, dental 
defects, have been associated with celiac disease [3]. 

Eosinophilic esophagitis was first described in 1978 [4]; however, it became recognized as a 
distinct clinical entity in 1995 [5]. It is a chronic inflammatory primary disorder of the esophagus, 
presenting with dysphagia and symptoms mimicking those of gastroesophageal reflux disease, 
including vomiting, regurgitation, nausea and epigastric pain. This disorder is characterized by 
esophageal mucosal biopsy containing more than 15 eosinophils per high-power field (Figure 1) and 
absence of gastroesophageal reflux disease, as shown by normal pH monitoring or lack of response 
to high-dose proton pump inhibitory therapy [6]. 

Figure 1. Classic histological findings of eosinophilic esophagitis: hypereosinophilia, 
usually with >15–20 eosinophils per high-powered field. Eosinophils in the squamous 
mucosa are visible (arrows). (Courtesy of Dr. Ezio David, MD, Molinette Hospital, 
Turin, Italy.) 

 

There are some classic endoscopic features including adherent whitish plaques, esophageal 
concentric rings, linear furrowing, but the esophagus can appear only slightly altered in some  
patients [7]. The squamous epithelium of the esophagus is normally devoid of eosinophils, but 
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various disorders cause eosinophils to infiltrate the esophageal epithelium: parasitic infections, 
autoimmune disease, vasculitis, medications, gastroesophageal reflux disease [8]. When first 
described, eosinophilic esophagitis was believed to be a predominantly pediatric condition; however, 
it is now commonly diagnosed in adults as well as in children [9]. The clinical presentation of 
eosinophilic esophagitis may vary depending on age: younger children, generally present with 
non-specific symptoms of gastroesophageal reflux disease, abdominal pain or failure to thrive [10]; 
older children often present with dysphagia and esophageal food impaction [11]; however, 
asymptomatic low-grade counts of epithelial eosinophils (less than 15 eosinophils per high-power 
field) may be more common than has been estimated, but are of uncertain clinical significance [12]. 
A subset of patients with eosinophilic esophagitis responds to acid suppressive therapy, indicating 
some overlap between eosinophilic esophagitis and gastroesophageal reflux disease [6]; this is now 
considered as a separate entity labelled “proton pump inhibitors (PPI) responsive oesophageal 
eosinophilia” [13] In children, eosinophilic esophagitis has been shown to be associated with IgE- 
and non-IgE-mediated food allergy, and the majority of cases respond to elemental diets or specific 
food protein elimination [6]. By contrast, in adults the response to dietary interventions is less 
predictable, and the treatment more commonly relies on swallowed corticosteroid aerosols [6]. The 
poor response rate to dietary interventions in adults may be due to a lower prevalence of food allergy, 
and sensitization to inhalant allergens may play a more significant etiological role [6]. The data about  
the incidence of eosinophilic esophagitis range from 0.5 cases per 10,000 [14] to 1 in 10,000 in Ohio, 
USA [15] and the prevalence range from 0.89/10,000 in Western Australia [16] to four cases per 
10,000 in Ohio, USA [15] and 5.5 cases per 10,000 in Olmsted County, Minnesota, USA [17]. The 
incidence seems to be increasing in both adults and children, though it is as yet unclear whether this 
is solely attributable to increasing awareness and detection of the disease or whether it represents a 
genuine phenomenon [18]. There is a male predominance, with 76% of adult and 66% of pediatric 
cases being diagnosed in males [6]. Since both celiac disease and eosinophilic esophagitis are caused 
by aberrant, but distinct, immune responses to ingested antigens and can be responsive to food 
elimination diets, the objective of our study was to verify if there is an association between these  
two conditions. 

2. Experimental Section 

Articles regarding the association of these two diseases were identified through MEDLINE search 
using the terms “celiac disease or celiac sprue or gluten AND eosinophilic esophagitis”. The search 
was also performed using reference lists from published articles. The titles of these publications and 
their abstracts were scanned in order to eliminate duplicates and irrelevant articles. The final date of 
the MEDLINE search was June 19, 2013. 

3. Results 

The search identified 30 publications (from November 2001 to May 2013) on this subject. We 
read the abstracts of all articles and selected the 13 original articles in which associations between the 
two diseases were addressed; three were excluded because there were no data about the prevalence of 
the diseases. Celiac disease and eosinophilic esophagitis have been described in the same patient for 
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the first time in a case report of 2007 [19] in a 7-year old black male with reactive airway disease, 
eczema and type 1 diabetes mellitus referred to the gastroenterology clinic for positive celiac 
serologic findings in recurrent abdominal pain. The eosinophilic esophagitis responded to an 
elimination diet with normalization of esophageal histology and subsequently recurred with 
reintroduction of cow’s milk protein (while celiac disease’s histology remained in remission with 
gluten-free diet). A second report of three associated cases was described in the same year [20] with 
a reported prevalence of eosinophilic esophagitis in patients with celiac disease of 9%, nine times 
higher than that expected in the general population (1:100) [21]. In one patient eosinophilic 
esophagitis disappeared after gluten-free diet; in the other two cases, the gluten-free diet did not have 
any effect on the eosinophilic infiltrate, but both subjects were not compliant to the gluten-free diet. 
Another study [22] reported a 35% of prevalence of celiac disease in 17 patients affected by 
eosinophilic esophagitis investigated for upper gastrointestinal symptoms, with a significant clinical 
and histological remission on gluten-free diet compared to the group of patients with eosinophilic 
esophagitis without celiac disease. In an Australian study regarding seven children with eosinophilic 
esophagitis and celiac disease [23], no patients with food allergy were reported; the prevalence of 
eosinophilic esophagitis in the cohort of patients with celiac disease was 3.1%; two of seven patients 
who underwent repeated endoscopic examinations showed improved duodenal histology but 
persistent eosinophilic esophagitis on gluten-free diet. In another Australian study published in  
2010 [24], the prevalence of esophageal eosinophilia in children with celiac disease who had 
concurrent esophageal biopsies was 8.2% (10 of 121), 60% males, 30% had normal-appearing 
esophageal mucosa at endoscopy; children who had undergone repeated endoscopic examinations 
showed recovery of duodenal mucosa but no resolution of esophageal eosinophilia on a gluten-free 
diet alone. The association of celiac and eosinophilic esophagitis may not be a true association but a 
matter of biased enrollment in the above studies: regarding HLA DQ2 and/or DQ8, a study [25] 
showed that these alleles were not present in eosinophilic esophagitis at a greater rate than in healthy 
controls. But a recent study [26] demonstrated, a clear association between celiac disease and 
eosinophilic esophagitis in both pediatric and adult populations: the standardized incidence ratio of 
eosinophilic esophagitis in patients with celiac disease was 16.0 (95% CI, 8.7–25.5). A general 
population-based study on adults [27] did not find any association between eosinophilic esophagitis 
and celiac disease, whereas the latest one [28] showed a prevalence of 1.2% of eosinophilic 
esophagitis in children with celiac disease (Table 1). 

Table 1. Published study about prevalence of eosinophilic esophagitis (EoE) in patients 
affected by celiac disease (CD). 

Study Country 
Prevalence of EoE 
in CD population 

% of Pediatric 
patients 

% of Male in 
EoE patients 

Population 

A [22] Australia 3.1% (7 of 221) 100 43 Tertiary center 
B [23] Australia 8.2% (10 of 121) 100 60 Tertiary center 
C [25] USA 0.97% (14 of 1439) 20.6 57 Tertiary center 
D [27] Canada 1.2% (3 of 245) 100 100 General population 
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4. Discussion 

Both celiac disease and eosinophilic esophagitis are distinct clinical entities except for a few 
minor similarities. Celiac disease is a Th1 mediated disorder which aligns with autoimmunity, 
triggered by the ingestion of food containing gluten and affects females:males at a ratio of 2:1 [29]. 
By contrast, eosinophilic esophagitis has been shown to be a Th2-mediated disorder, which is 
triggered by exposure to dietary allergens causing infiltration of the esophageal mucosa by T 
lymphocytes, mast cells and eosinophils and predominates in males, with a 3:1 ratio to females. 
There is also an overexpression of eotaxin-3 and interleukin-5 [6] in the latter. Affliction of 8% of 
first-degree relatives of patients with celiac disease is similar to that reported in 10% of first-degree 
relatives of patients with eosinophilic esophagitis [30]. The genetic basis for celiac disease (i.e., HLA 
DQ2) is well established and differs from that of eosinophilic esophagitis [25] whose etiology is far 
from clear, but in nearly 50% of the cases, it is associated with an allergy to food or to aeroallergens 
[15]. In children, IgE-dependent mechanism for eosinophilic esophagitis is supported; for instance, it 
was shown that affected patients have IgE sensitization to a wide variety of foods, although not all 
patients had evidence of food-specific IgE [31]. In one study, a higher level of IgE sensitization to 
food allergens was observed in patients with eosinophilic esophagitis alone compared to patients 
with both pathologies, and this led the authors to hypothesize that patients with both pathologies have 
elevated esophageal eosinophils for reasons different from allergy, with a significant clinical and 
histological remission on gluten-free diet [22]. Increased intestinal mucosal permeability secondary 
to celiac disease has been suggested as a contributing factor in the development of atopy [32,33]. 
Damaged intestinal barrier may expose the local intestinal immune system to macromolecules  
and lead to transport of these undigested proteins to other body sites, hence facilitating development 
of hypersensitivity reactions in a predisposed individual in and away from the gastrointestinal  
tract [23]. By contrast, in adults, the response to dietary interventions is less predictable, and 
treatment more commonly relies on swallowed corticosteroid aerosols [6]. The clinical significance 
of eosinophilic esophagitis as an incidental finding is uncertain; if the main treatment goal is 
suppression of clinical symptoms, asymptomatic eosinophilic esophagitis may not require any 
therapy, but as the natural history of eosinophilic esophagitis in largely unknown, it is unclear what 
proportion is at risk of developing esophageal strictures and dysphagia in the long term [34]. 

5. Conclusions 

In summary, although there are fundamental differences in the pathophysiological mechanisms 
involved in eosinophilic esophagitis and celiac disease, these conditions may coexist and the 
prevalence is higher than anticipated. Our review highlights the importance of obtaining routine 
esophageal biopsies in children undergoing endoscopy for diagnosis of celiac disease irrespective of 
whether the esophagus appears normal or abnormal at endoscopy; however, asymptomatic 
low-grade counts of epithelial eosinophils are of uncertain clinical significance. 
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Abstract: The clinical presentation of celiac disease in children is very variable and 
differs with age. The prevalence of atypical presentations of celiac disease has increased 
over the past 2 decades. Several studies in adults and children with celiac disease indicate 
that obesity/overweight at disease onset is not unusual. In addition, there is a trend 
towards the development of overweight/obesity in celiac patients who strictly comply 
with a gluten-free diet. However, the pathogenesis and clinical implications of the 
coexistence of classic malabsorption (e.g., celiac disease) and overweight/obesity remain 
unclear. This review investigated the causes and main clinical factors associated with 
overweight/obesity at the diagnosis of celiac disease and clarified whether gluten 
withdrawal affects the current trends of the nutritional status of celiac disease patients. 
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1. Introduction 

Celiac disease (CD) is a life-long condition that affects the small intestine in genetically 
susceptible individuals [1]. The global prevalence ranges from 1% to 2% [2,3]. In children, the 
symptoms upon CD presentation are highly variable and are influenced by age. Very young children 
often present with “classic” symptoms including diarrhea, abdominal distension, and growth 
retardation [4–6]. Diarrhea and malabsorption represent the typical presentation of CD in young 
children [7], while abdominal pain, vomiting, and constipation are atypical gastrointestinal symptoms 
more common in older children and teenagers. Furthermore, in children, CD can be diagnosed on the 
basis of the occurrence of extra-intestinal conditions such as arthritis, neurological diseases, and 
anemia [8,9] or on the basis of screening procedures in the absence of gastrointestinal symptoms 
(typical or atypical) and in child or adolescent with CD- associated conditions [10]. 

The presentation of CD has changed over time. In the last 2 decades, diarrhea and malabsorption 
have progressively decreased as the mode of CD onset among both adults and children, whereas 
atypical manifestations have increased. Interestingly, many reports indicate that CD can be associated 
with overweight or normal weight; hence, malnutrition is not always present at CD presentation 
[4,6,11,12]. Therefore, CD and obesity can coexist during both childhood and adolescence. After the 
first 2 cases reported by Semeraro [13] and Conti-Nibali [14] in 1986 and 1987, respectively, there 
have been several reports of the coexistence of CD and obesity/overweight in children and adolescents 
in the last 2 decades [15–19]. 

At present, in pediatric [20–27] and adult [28–33] case series of CD, the body mass index  
(BMI) at diagnosis is within the normal range in many patients. Nevertheless, the pathogenesis  
and clinical implications of the coexistence of CD and overweight/obesity remain unclear. The 
clinical relevance of this association is highlighted by the observation that CD patients with normal 
weight or overweight at diagnosis have a higher risk of developing obesity after starting a gluten-free 
diet (GFD), which definitely improves intestinal absorption in these patients. Moreover, the  
GFD regimen appears to be associated with high lipid and protein intake, particularly in  
adolescents [20,29]. 

The key studies concerning the pathogenesis and clinical evidence of the association between CD 
and overweight/obesity in subjects aged <18 years are discussed below. This review investigated the 
causes and main clinical factors associated with overweight/obesity at CD diagnosis. In addition, this 
review aims to clarify if gluten withdrawal affects the trend of the nutritional status of CD patients. 

2. Clinical Evidence of CD and Overweight/Obesity 

2.1. Summary of the Main Case Reports 

The first pediatric case report [13] by Semeraro et al., in 1986 describes an obese 14-year-old girl 
who had been diagnosed with CD at the age of 1 year on the basis of a clinical condition characterized 
by malabsorption, diarrhea, and stunted growth (i.e., weight in the 7th percentile). The girl was started 
on a GFD, and had a normal weight at 2 years of age; however, she was overweight at 5 years of age 
and obese at 10. She had a negative family history for endocrine diseases and CD but a positive family 
history for obesity. 
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There are other reports of the development of obesity in children on a GFD who initially had 
malabsorption. For example Czaja-Bulsa et al. [15] describe the case of an 18-year-old boy with 
growth failure (i.e., <3rd percentile) and chronic diarrhea following gluten introduction and before 
CD diagnosis. However, after gluten withdrawal, his weight increased to the 97th percentile at 5 
years of age despite persistent mucosal atrophy. More recently, Balamtekin et al. [19] reported a 
similar case of a 21-month-old child with the classic condition of malabsorption (i.e., chronic 
diarrhea, failure to thrive, and abdominal distension) at CD onset. After 11 years on a GFD, the child 
became obese (weight, >97th percentile). 

Meanwhile, there are other reports of children with overweight/obesity at the time of CD 
diagnosis. The first published report describes a 5-year-old girl with obesity, short stature, and 
recurrent abdominal pain. The diagnosis of CD was suspected on the basis of family history, i.e., a 
sister with CD. A GFD attenuated the symptoms and improved height and weight growth [14]. 
Furthermore, in 2001, Franzese et al. [16] reported the case of a patient with steatohepatitis 
associated with obesity resistant to a low-calorie diet, in which CD was diagnosed on the basis of 
moderate persistent hypertransaminasemia. In 2006, Oso and Fraser [17] diagnosed CD in an obese 
teenager who had recurrent episodes of diarrhea, especially after eating spaghetti. At diagnosis, 
blood tests revealed low iron, GFD feeding normalized iron level, and the symptoms disappeared. 
However, the patient continued to gain weight (10 kg over 6 months) during follow-up. In 2009, 
Arslan et al. [18] reported the case of a 7-year-old obese patient with CD (weight, >95th percentile; 
weight/height ratio, 167%) suspected of having Hashimoto’s thyroiditis and affected by 
hypochromic anemia unresponsive to iron therapy. Moreover, Balamtekin et al. [19] describe the 
case of a 17-year-old obese girl with weight >97th percentile and a BMI of 32.9 with epigastric pain 
and vomiting. CD was diagnosed on the basis of the gastrointestinal symptoms, and the symptoms 
disappeared after a GFD was started. Nevertheless, her weight continued to increase. 

2.2. Summary of Case Series 

At present, few case series have been published on this topic. Valletta et al. [24] report the 
prevalence of overweight (BMI z-score > +1) and obesity (BMI z-score > +2) to be 11% and 3%, 
respectively, in 149 children newly diagnosed with CD between 1991 and 2007. The authors found 
that after initiating a GFD, the BMI z-score increased significantly and the percentage of overweight 
subjects almost doubled. In a retrospective study, Venkatasubramani et al. [22] report 5% of patients 
had a BMI > 95th percentile among 143 patients with CD diagnosed between 1986 and 2003. Among 
the obese patients, the most common symptoms at onset were abdominal pain, diabetes, and diarrhea. 

Brambilla et al. [25] compared 150 children with CD on a GFD with 288 healthy sex- and  
age-matched children. They also retrospectively evaluated changes in BMI from CD diagnosis to the  
last clinical evaluation. The median BMI of CD patients was significantly lower than that of the 
healthy controls. In particular, children with CD were less frequently overweight or obese (12% vs. 
23.3%) and more frequently underweight (16% vs. 4.5%) than the controls. However, after GFD 
feeding, the number of underweight subjects decreased significantly, while the number of 
overweight subjects increased slightly. 

Reilly et al. [26] studied 142 children with newly diagnosed CD from 2000 to 2008. Nearly 19% 
of patients had a high BMI at diagnosis (12.6% overweight and 6% obese), while 74.5% had a 
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normal BMI. Meanwhile, the BMI of 75% of the patients with high BMI at diagnosis decreased on a 
GFD. Among patients with a normal BMI at diagnosis, weight z-scores increased significantly after 
diet treatment and 13% became overweight. Interestingly, in that survey, the initial symptom in 28% 
of overweight CD patients was abdominal pain and the diagnosis was made on the basis of the 
screening test in a asymptomatic portion of the population by 28%. Venkatasubramani et al. [22] also 
found abdominal pain is one of the most common features of CD presentation in overweight patients. 
Another important aspect of their survey results is that the CD diagnosis was made on the basis of the 
screening test in at least 25% of overweight patients. Brambilla et al. [25] suggest that identifying 
CD patients on the basis of screening tests, and not symptoms, may increase the probability of 
finding overweight or obese subjects at CD diagnosis. 

In a cross-sectional multicenter study, Norsa et al. [27] enrolled 114 children with CD in serologic 
remission, who were on a GFD for at least 1 year. The anthropometric measurements at diagnosis 
revealed that 9.6%, 76.3%, 8.8%, and 5.3% were underweight (BMI < 5th percentile), had normal 
weight (BMI = 5–85th percentile), were overweight (BMI = 85–95th percentile), and were obese  
(BMI > 95th percentile), respectively. After gluten withdrawal, the prevalence of overweight and 
obesity increased to 11.4% and 8%, respectively. 

In a prospective case–control study, Barera et al. [34] found reduced fat mass, decreased bone 
mineral content, and lower lean body mass in the limbs of 29 children newly diagnosed with CD 
compared to healthy controls; all patients were normalized (i.e., approaching corresponding 
parameters in the control population) on a GFD. Table 1 summarizes the main results of the 
abovementioned reports. 

Table 1. Prevalence of overweight/obesity in CD. 

Author  
(Year) 

Country  
(Sample Size) 

Overweight/Obesity  
at Presentation (%) 

Overweight/Obesity after 
Initiating a GFD (%) 

Reference 

Aurangzeb (2010) 
Australia & New 
Zealand (n = 25) 

20.8/0 ND/ND [21] 

Venkatasubramani 
(2010) 

Milwaukee, WI, 
USA (n = 143) 

ND/5 ND/3 [22] 

Balamtekin (2010) 
Ankara, Turkey  

(n = 220) 
ND/0.5 ND/ND [23] 

Valletta et al. 
(2010) 

Italy (n = 149) 11/3 21/4 [24] 

Reilly et al. (2010) 
NY, USA  
(n = 142) 

12.6/6 20/4 [26] 

Norsa et al. (2011) 
Italy & Israel  

(n = 114) 
8.8/5.3 11.5/8.8 [27] 

Brambilla et al.  
(2011) 

Italy (n = 150) 11.3/0.7 9.4/0 [25] 

GFD: gluten-free diet; ND: not done. 

A clarification regarding the methodology of these studies should be made: in adults and children, 
the main criterion for defining overweight/obesity is BMI (or Quetelet index), which is calculated by 
dividing weight (in kg) by height (in m) squared. BMI is an expression of the weight “adjusted” to 
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stature and is an index of adiposity; it is most strongly correlated with body fat and less correlated 
with stature. Despite its limitations, BMI is easy to calculate and widely used, especially in 
large-scale studies, to assess the risks of diseases. The internationally accepted age- and 
sex-standardized threshold values of BMI for nutritional status in adults are those proposed by the 
World Health Organization [35]. However, the curves of children’s weight and height vary with 
growth, following development during puberty (with its consequences on body composition), and 
sex. Therefore, references for different age groups (i.e., the distribution of percentiles with cut-off 
points) are necessary. There are many different percentile tables based on data from reference 
populations that also have very different anthropometric characteristics. Ideally, the study population 
should be compared with tables based on national curves. Alternatively, the International Obesity 
Task Force (IOTF), which is the main organization of childhood obesity scholars, have validated 
tables with mean percentiles derived from cross-sectional studies of different populations (e.g., the 
USA, Brazil, Hong Kong, Singapore, Holland, and Great Britain) to enable international 
comparisons [36]. 

In this regard, the abovementioned studies have a discrete methodological heterogeneity. 
Although all are based on the calculation of BMI, they used different categorizations in various case 
series, such as the BMI percentile, BMI z-score, and IOTF cut-off point. In addition, different studies 
were conducted on geographically diverse populations, and only a few studies compared the case 
population with a control population [21,25]. 

3. Pathogenetic Link between CD and Overweight/Obesity 

3.1. Overweight and Obesity in Newly Diagnosed CD Patients: The “Compensatory” Hypothesis 

Semeraro first hypothesized that the atrophy of the duodenum—jejunum in CD patients could be 
compensated by enhanced absorption in the distal intestinal segments [13]. The fat absorption 
coefficient could in fact be preserved in a patient with a partially atrophic bowel [13]. This process 
could be similar to that occurring in the residual bowel after surgical resection, which involves 
structural changes that lead to an increased absorptive attitude of the intestine. The intestinal 
adaptation consists of morphological changes of the mucosa, including increased villus height, crypt 
depth, and epithelial cell number. In CD patients, atrophy determines the loss of normal intestinal 
function. This can hypothetically induce increased absorption of the functionally preserved intestinal 
tract. If this process overcompensates, it could lead to the extraction of energy exceeding the child’s 
needs, thus increasing the risk of overweight/obesity [13]. 

This compensatory hypothesis appears to be supported by some of the first published cases of 
adolescents affected by CD who continued to present with overweight or obesity despite persistent 
villous atrophy on jejunal biopsies [14,15]. The compensatory surface area of the small intestine 
appears to increase with patient age. Therefore, the intestine may develop the ability to absorb an 
adequate amount of compensatory energy [13]. This notion is corroborated by the particular 
distribution of symptoms upon CD diagnosis, which appears to be related to age [5–7]. Children aged 
less than 2 years often exhibit the classic CD presentation, which includes malabsorption. In contrast, 
older children, adolescents, and adults often present with atypical symptoms. This appears to be 
concordant with the compensatory hypothesis. In fact, the classic symptoms may be due to a lack of 
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intestinal adaptation, which is less developed in young children as mentioned above. The absence of 
intestinal adaptation induces the occurrence of severe and classic symptoms including malabsorption 
and celiac crisis, which can be found in very young children newly diagnosed with CD. As intestinal 
adaptation is a time-dependent phenomenon, the probability that an individual’s mucosa is modified 
increases with age. Therefore, CD symptoms could be attenuated in older children and adolescents. 

Concordant with this hypothesis, there is no correlation between the presentation of CD and  
the degree of villous atrophy [37] or the extent of the intestine involved as visualized through  
video-capsule endoscopic procedures [38]. The morphological appearance of the mucosa may be 
unrelated to its functional expression responsible for the severity of the presenting symptoms. 

In addition, the nutritional status of the underlying population is clearly very important for the  
correct interpretation of BMI in children with CD at diagnosis. CD may indeed develop in patients  
with overweight/obesity, reflecting an individual’s predisposition (i.e., genetic, nutritional, and 
environmental factors). The worldwide prevalence of overweight/obesity in children has increased 
over the last 2 decades; an estimated 60 million children will be overweight or obese by 2020 [39]. In 
this scenario, the symptoms of malabsorption that could manifest in overweight patients at CD onset 
may reduce the prevalence of overweight/obesity in CD patients compared to the reference 
population but increase it in comparison to what is usually expected in CD patients. 

3.2. The Effect of Gluten Withdrawal on Overweight/Obese CD Patients 

Overweight or obesity may develop in CD patients after gluten withdrawal. The main surveys on 
children discussed above report the normalization of BMI in underweight and overweight patients on 
a GFD, although they also report the development of overweight and obesity independent of baseline 
nutritional status [21–27,34]. In consideration of the abovementioned “compensatory” hypothesis, it 
can be supposed the mucosal healing following gluten withdrawal is responsible for the 
normalization of BMI in both underweight and overweight patients as a result of the recovery of 
energy balance. Therefore, the restoration of the absorptive functions of the whole bowel could 
constitute a physiological redistribution of the absorptive attitude in whole bowel mucosa. This could 
result in an increased energetic yield in patients with symptoms of malabsorption. However, in 
patients with a mucosa adapted to supply a higher energetic yield, the improved absorptive function 
of the whole bowel could induce the normalization of caloric balance. Nevertheless, it remains to be 
determined if a GFD itself is a cause of the development of overweight/obesity in CD patients. 

The unpalatability of some gluten-free foods may induce a preference toward hyperproteic and 
hyperlipidemic foods [20,29,40]. This may consequently lead to increased energy intake followed by 
excessive weight gain [41]. Mariani et al. [20] examined the eating habits and diet composition of  
47 adolescents with CD and compared them to those of 47 healthy age-matched control subjects. 
They divided the CD patients into 2 subgroups according to compliance with a GFD: group 1A 
patients rigorously adhered to a GFD, while group 1B patients did not comply with a GFD. 
Compared to Recommended Dietary Allowances, total energy, lipid, and protein intake were  
higher and carbohydrate intake was lower in CD patients and controls. Total caloric intake and  
lipid and protein consumption were higher in group 1A than in group 1B. As a consequence, 
overweight/obesity was more frequent in group 1A (72%) than in group 1B (51%) and the  
controls (47%). 
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Several studies confirm long-term GFDs may not be nutritionally balanced. Indeed, there is 
clinical evidence indicating high simple sugar, protein, and saturated fat intake as well as low 
complex carbohydrate and fiber intake in such diets [20,42,43]. Concordant with this pediatric 
evidence, higher total caloric [44], carbohydrate, and fat [45] intake is reported among adults with 
CD than among healthy control subjects. In contrast, a few studies in adults [46,47] and children [48] 
report reduced caloric intake in CD patients on a GFD. 

Besides increased total caloric intake, the macronutrient composition of the diet may be involved 
in the pathogenesis of overweight and obesity in patients with CD. Carbohydrates are the major 
energy source in the diet of children in developed countries and are the dietary components that most 
strongly affect blood glycemia. Both the quantity and type of carbohydrates are the determinants of 
postprandial glycemia [49]. The glycemic index (GI) is a parameter used to classify foods according 
to their postprandial glycemic response [50]. 

Many gluten-free foods are characterized by a GI higher than that of equivalent gluten-containing 
foods [50,51], although this is refuted by some authors [52]. Gluten-free foods have a higher GI, 
because gluten protein does not allow the easy access of amylase to hydrolyze starch granules in the 
lumen of the small intestine [50]. However, many foods with a high GI have been shown to only 
slightly increase blood glucose and vice versa [51,53]. Thus, the GI provides a measurement of the 
quality but not the quantity of the carbohydrates consumed. Meanwhile, blood glycemia is 
influenced by the synergistic interaction between the quantity and quality of carbohydrates. 
Therefore, epidemiological studies are utilizing a new concept to assess outcomes as a result of 
glucose metabolism: the glycemic load (GL). The GL may be calculated with the product of GI  
(as a percentage) of available carbohydrates, representing both the quality and quantity of 
carbohydrates consumed. The GL may be interpreted as a measure of insulin requested in free-living 
conditions, because the amount of carbohydrates consumed at each meal usually varies in such 
conditions [51,54,55]. Nevertheless, if the blood glucose response to food is a determinant of body 
weight remains controversial [56]. 

Several studies conducted in overweight or obese children show discordant results regarding  
the associations of GI and GL with obesity. One cross-sectional study reports no association of body 
fat with GI or GL [57]. Others studies show positive associations of GI and GL with waist 
circumference, BMI, and the sum of 4 skinfolds [58,59]. However, other cohort studies report 
inconclusive results [60–62]. A meta-analysis [63] that identified six eligible randomized clinic trials 
including a total of 202 participants concludes that low-GI or low-GL diets confer marked benefits 
on weight, BMI, total fat mass, and lipid profile. Regardless, further research on long-term 
improvements is required. A more recent systematic review provides evidence that long-term 
interventions with a low-GI/GL diet confer beneficial effects on fasting insulin and pro-inflammatory 
markers such as C-reactive protein; such interventions might prove to be helpful in the primary 
prevention of obesity-associated diseases [64]. These aspects could help explain the occurrence of 
overweight/obesity in celiac patients on a GFD. 

On the other hand, several studies evaluating the effects of a GFD on metabolic control, growth, 
and nutritional status in celiac patients with type I diabetes provide a natural model of the interactions 
between diet, glycemic response, and nutritional status, demonstrating how this interrelationship can 
be much more complex. However, these studies have completely discordant results. Some studies 
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[65] indicate improvements in BMI and glycosylated hemoglobin (HbA1c) levels in patients with 
CD and type I diabetes on a GFD. Meanwhile, Novòa Medina et al. [66] report no effect on the 
metabolic control, height, or weight of such patients. Other studies evaluated the influence of GFDs 
on metabolic parameters including insulin dose, HbA1c, glucose excretion, and hypoglycemic 
episodes. Saadah et al. [67] report that a GFD resulted in a significant improvement of growth and 
influenced diabetic control, particularly higher insulin levels in patients with CD than the levels at 
baseline. Other authors [68,69] found no significant difference in the insulin dose, HbA1c, 24-h 
urinary glucose excretion, or the number of hypoglycemic episodes. Abid et al. [70] found that a 
GFD reduced gastrointestinal symptoms in the short term and particularly episodes of severe 
hypoglycemia in children with type I diabetes with CD; however, there were no changes in  
the standard deviation scores for height, weight, BMI, or the average HbA1c before and after GFD 
consumption. Furthermore, epidemiological studies show energy intake is predictor of weight  
gain [71]. Thus, the GI and GL of the previous meal can theoretically influence energy intake in the 
next meal. A recent meta-analysis on this topic suggests that the GI, but not the GL might influence 
the energy intake of the next meal [72]. This may be because low-GI foods result in sustained blood 
glucose levels and hunger is delayed as compared with that after a high-GI meal [73]. Furthermore, 
recent evidence suggests energy intake is associated with changes in the resting metabolic rate [74]. 
The mechanism involved in this phenomenon may be the specific effect of blood glucose level on 
satiety (i.e., the glucostatic theory) or of other stimuli (e.g., peptides) involved in the control of 
appetite. Insulin and glucose stimulate the release of the leptin hormone that produces satiety and 
suppress the release of the ghrelin hormone that stimulates the appetite. Regardless, this does not 
precisely characterize relationships among GI, satiogenic leptin, and appetitic ghrelin. Furthermore, 
several gastrointestinal hormones called incretins are involved in the physiological control of hunger 
and satiety; they are involved in glucose metabolism and can act on pancreatic beta cells to stimulate 
insulin secretion. Among these hormones there is glucagon-like peptide-1 (GLP-1), which acts 
directly on the central nervous system and indirectly by slowing gastric emptying, inhibiting appetite 
and food intake, and inducing body weight reduction. The stimulation of insulin secretion by 
incretins is typically glucose dependent and manifests when glycemic levels are high but not when 
normal or low. Therefore, incretins have the potential to reduce hyperglycemia without causing 
hypoglycemia. A recent study revealed children with CD have a secretion pattern of gut-brain axis 
hormones that differs from that of controls. Alterations in this axis were more pronounced in children 
with both CD and type I diabetes mellitus; nevertheless, the roles of these gut-brain axis hormones  
in food intake and glycemic control in patients with CD and type I diabetes mellitus must be  
clarified [75]. 

Overall existing clinical evidence explains the variability of the anthropometric trends in CD 
patients after gluten withdrawal. However, it does not clarify why some CD patients develop 
overweight/obesity after beginning a GFD. Furthermore, as is the case in newly diagnosed CD 
patients, the global trend toward increased overweight/obesity could explain why CD patients on a 
GFD may become overweight. The changes in nutritional habits that induce the development of 
obesity are probably shared by CD patients and the general population. Table 2 summarizes the main 
pathogenetic links between CD and overweight/obesity. 
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Table 2. Suggested pathogenetic links between CD and overweight/obesity. 

Time of 
Overweight/Obesity 
Diagnosis in  
Celiac Patients 

Pathogenetic Link Reference 

Overweight/Obesity  
at CD Presentation 

“Compensatory hypothesis”: high energetic yield due  
to the slow adaptation of the atrophic mucosa [13] 

Global trend toward overweight/obesity in children [39] 
Diagnosis not based on clinical symptoms but on  
screening test [25,26] 

Overweight/Obesity  
on a GFD 

“Compensatory hypothesis”: normalization of caloric  
balance due to the restoration of mucosal functions [13] 

Worldwide trend toward overweight/obesity in children [39] 
Unpalatability of gluten-free foods, prompting the 
consumption of foods with high caloric content (i.e., fat  
and protein). 

[20,29,40] 

High GI/GL of GFD? [49–74] 
Altered secretion of gut–brain axis hormones? [75] 

CD: celiac disease; GFD: gluten-free diet; GI: glycemic index; GL: glycemic load. 

4. Conclusions 

Overweight/obesity is more common in children with CD than previously recognized. The 
prevalence of overweight in CD patients at diagnosis ranges from 8.8% to 20.8% [21,24–27], 
whereas that in CD patients on a GFD ranges from 9.4% to 21% [23–26]. Meanwhile, the prevalence 
of obesity in CD patients at diagnosis ranges from 0% to 6% [21–27], whereas that in CD patients on 
a GFD ranges from 0% to 8.8% [22,24–27]. Overweight/obesity is more frequent in newly diagnosed  
CD patients diagnosed on the basis of abdominal pain [22,26] and on the basis of screening  
procedures [25,26]. During follow-up, it is possible the unpalatability of gluten-free foods leads a 
preference for foods with high caloric fat and protein contents. However, the occurrence of 
overweight may be explained by the global trend toward overweight/obesity in children [39] 
including CD patients. An unconfirmed but nonetheless interesting hypothesis is that the 
development of overnutrition status is due to the compensatory high energetic yield secondary to the 
slow functional adaptation of the atrophic mucosa [13]. Therefore, mounting evidence suggests CD 
should be considered even in overweight/obese children in appropriate clinical settings. 
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Abstract: Malabsorption, weight loss and vitamin/mineral-deficiencies characterize 
classical celiac disease (CD). This study aimed to assess the nutritional and 
vitamin/mineral status of current “early diagnosed” untreated adult CD-patients in the 
Netherlands. Newly diagnosed adult CD-patients were included (n = 80, 42.8 ± 15.1 
years) and a comparable sample of 24 healthy Dutch subjects was added to compare 
vitamin concentrations. Nutritional status and serum concentrations of folic acid, vitamin 
A, B6, B12, and (25-hydroxy) D, zinc, haemoglobin (Hb) and ferritin were determined 
(before prescribing gluten free diet). Almost all CD-patients (87%) had at least one value 
below the lower limit of reference. Specifically, for vitamin A, 7.5% of patients showed 
deficient levels, for vitamin B6 14.5%, folic acid 20%, and vitamin B12 19%. Likewise, 
zinc deficiency was observed in 67% of the CD-patients, 46% had decreased iron 
storage, and 32% had anaemia. Overall, 17% were malnourished (>10% undesired 
weight loss), 22% of the women were underweight (Body Mass Index (BMI) < 18.5), 
and 29% of the patients were overweight (BMI > 25). Vitamin deficiencies were barely 
seen in healthy controls, with the exception of vitamin B12. Vitamin/mineral deficiencies 
were counter-intuitively not associated with a (higher) grade of histological intestinal 
damage or (impaired) nutritional status. In conclusion, vitamin/mineral deficiencies are 
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still common in newly “early diagnosed” CD-patients, even though the prevalence of 
obesity at initial diagnosis is rising. Extensive nutritional assessments seem warranted to 
guide nutritional advices and follow-up in CD treatment. 

Keywords: vitamins; minerals; celiac disease; deficiency; adult; Body Mass Index 
 

1. Introduction 

Celiac disease (CD) is the most common food intolerance in the Western population, and 
currently represents a major health care issue. The prevalence of CD has been estimate to be 
0.5%–1% in different parts of the world [1]. CD is an inflammatory, immune-mediated chronic 
disease of the mucosa of the proximal small intestine due to irreversible gluten intolerance in 
genetically susceptible individuals. Gluten refers to a set of amino acid sequences found in the 
prolamine fraction of wheat, barley and rye. The characteristic histopathological finding is a varying 
degree of villous atrophy and crypt hyperplasia, primarily in the duodenum and jejunum, with 
inflammatory changes leading to malabsorption. The first-line, and up-till-now only, treatment is a 
lifelong strict adherence to a gluten free diet (GFD). All other treatment modalities suppress the 
intestinal inflammatory response and do not treat the intolerance [2,3]. 

CD is a multi-system disorder which leads to striking differences in its clinical presentation. When 
present, gastrointestinal symptoms, including clinically evident malabsorption, may facilitate the 
diagnosis of CD. Over the last few decades, there appeared to be a changing clinical presentation of CD 
from the classical malabsorptive picture (diarrhoea, malabsorption and weight loss) towards one of a  
non-classical presentation with milder, non-specific symptoms such as tiredness, hematologic 
abnormalities, constipation and/or abdominal distension [4–6]. Nowadays, many patients present with 
no or only minor extra-intestinal symptoms. Indeed, microcytic or macrocytic anaemia, or folate 
deficiency may occasionally be the only clinical symptom to suggest CD. This leads to a great extent of 
underdiagnoses in several countries [7]. Currently, 20%–40% of newly diagnosed CD-patients are 
even classified as overweight (Body Mass Index (BMI) > 25 kg/m2) instead of the anticipated 
underweight [8–12], although the prevalence of obesity seems lower than in the general population [13]. 
This makes the diagnosis of CD challenging. Greater clinical awareness—especially improved 
serological testing since the late 1990s, including that for anti-tissue transglutaminase (tTG)  
antibodies [14,15]—and the appearance of specialized centres has led to earlier recognition of 
CD-patients. 

In the classically presenting CD-patients, malabsorption is frequently encountered [16], and 
micronutrient deficiencies may arise. Indeed, several studies demonstrate these deficiencies with 
varying results [17–21]. 

Our group recently demonstrated the specific functional insufficiency of the proximal small 
bowel in CD-patients by means of the citrulline generation test, in which the citrulline peak after 
glutamine administration and its conversion into citrulline in the enterocyte was delayed due to a 
decreased functional intestinal mass as a consequence of inflammatory changes [22]. 
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Deficiencies of water-soluble vitamins, like B-vitamins, would be expected since they are 
absorbed in the proximal small bowel, which is the most prominent site affected in CD-patients. 
However, available data, in particular regarding vitamin B2 and B6 deficiencies, do not support this in 
untreated CD-patients [17,23]. Table 1 shows an overview of older and more recent literature on 
vitamin and mineral deficiencies in adult CD-patients. 

Table 1. Literature overview on vitamin and mineral status in newly diagnosed adult 
celiac disease (CD)-patients. 

Author, year Patient Group Outcome 
Till 2005 

Hallert,1981 [24] CD (Folate) 
Decreased serum folate concentration abnormality in 
adult CD. Predictive value of low folate for advice 
jejunal biopsy. 

Stene-Larsen, 1988 [25] CD (n = 3) Vitamin B12 malabsorption by CD is emphasized as a 
pathogenic mechanism of megaloblastic anaemia. 

Crofton, 1990 [20] 
Untreated CD (n = 8) and 

healthy controls (n = 5) (Zinc) 
Impaired turnover and loss of endogenous zinc in mild 
untreated CD. Zinc levels normal. 

Kemppainen, 1995 [26] 
Untreated CD (n = 40),  

CD in remission (n = 52)  
(Nutritional status) 

Nutritional status quite good in both groups. 15%–38% 
deficiencies (HB, ferritin, iron or B12) in untreated CD 
compared to 0%–20% in remission CD. 

Kemppainen, 1998 [27] 
Untreated CD (n = 40)  

(Nutritional status) 

Anthropometric and biochemical nutritional status 
acceptable. Low ferritin and folate (enterocyte) levels, 
but normalised after 1 year GFD. 

Alwitry, 2000 [23] Celiac disease (Vitamin A) Case report in vitamin A deficiency and eye deviation 

Dahele, 2001 [18] Untreated CD (n = 39)  
(Vitamin B12) 

41% B12 deficient (<220 ng/L), 41% anaemic, and 
31% folate deficient f the B12 deficient CD-patients. 

Dickey, 2002 [28] CD (n = 159) (Vitamin B12) 

Low serum B12 is common in CD (12%) and is not due 
to autoimmune gastritis. 10% of B12 deficient group 
had atrophic gastritis. Advice to know B12 level before 
folate supplementation. 

Hozyasz, 2003 [29] 
Untreated CD Polish (n = 18), 

remission on GFD  
(n = 12) (Vitamin E) 

All untreated CD-patients had reduced vitamin E 
levels. Vitamin A comparable to treated CD. 

2005–2013 

Harper, 2007 [30] 
Untreated (3 mo after diagnosis) 

CD (n = 405) (Anaemia) 

Iron deficiency in 31% of male and 19% of females, 
folate in 12%, B12 5% and anaemia in 20% of  
CD-patients. Anaemia can not only be explained by 
nutritional deficiencies. 

Dickey, 2008 [17] 

Untreated CD (n = 35), 
persistent villous atrophy  

(n = 34, recovered  
(n = 41) (B-vitamins) 

No compromised B2 and B6 in 3 groups.  
Homocysteine concentrations are inversely associated 
with serum and red cell folate and with B12. 
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Table 1. Cont. 

Henri-Bhargava, 2008 [19] CD (Vitamin E, copper) 
Neurological impairment due to vitamin E and 
copper deficiencies in CD. 

Bergamaschi, 2008 [21] 
Untreated CD (n = 150),  

after 1 year GFD  
(n = 53) (Anaemia) 

34% anaemia at diagnosis. Iron, vitamin deficiencies 
and anaemia of chronic disease are common in CD. 
GFD treatment improves anaemia. 

Lerner, 2012 [31] 
CD (Spanish) (n = 22) and CD 
children (n = 120) (Spanish, 

Israeli), (Vitamin D) 

Vitamin D levels correlate negatively with age. 55% 
of Adult CD-patients had vitamin D deficiency 
(25-hydroxy < 20 ng/mL) and  
should be supplemented. 

It has been suggested that the current “early diagnosis” of CD might be associated with less 
vitamin and mineral deficiencies at the moment of diagnosis than the classical CD. Mineral and 
trace-element status of untreated CD-patients has not been widely studied. There is even a lack of 
recent reports in the literature (see Table 1) indicating which deficiencies should be checked in newly 
diagnosed celiacs in Western Europe. Therefore, we aimed to measure essential serum nutritional 
variables in order to assess the prevalence of vitamin and mineral deficiencies in untreated adult 
CD-patients from a tertiary referral Celiac Disease Centre, consuming a (gluten containing) standard 
Dutch (Western) diet before diagnosis. Secondly, we studied the nutritional status and differences in 
prevalence of vitamin and mineral deficiencies between patients with different grades of intestinal 
histological damage, nutritional status, and sex. 

2. Materials and Methods 

2.1. Patients 

Eighty consecutively diagnosed adult patients (aged 18–75 years) with newly diagnosed CD were 
recruited from the Outpatient Clinic of the VU University Medical Centre, Amsterdam, the 
Netherlands, during the period 2005–2012. All patients consumed a normal (gluten-containing)  
Dutch-Western diet until inclusion. The mean daily gluten intake in the Netherlands is around  
13 g [32]. Duodenal biopsy specimens were harvested to determine the grade of histological damage 
due to gluten sensitive enteropathy as classified by Marsh [33] and modified by Rostami [34,35]. 
Gastric (corpus) biopsies were routinely harvested to determine whether atrophic gastritis was 
present. CD associated antibodies, i.e., anti-endomysial antibodies (EMA) and anti-tTG antibodies, 
were determined [36,37]. In addition, HLA-genotyping was performed, to analyse the presence of 
DQ2 and DQ8 (heterozygote or homozygote) as a prerequisite for a definitive diagnosis [38]. The 
diagnosis of CD was based on these histopathological, serological and genetic criteria. 

Histopathological classification according to Marsh was used: intraepithelial lymphocytosis, crypt 
hyperplasia and villous atrophy Marsh IIIA, B and C (respectively, partial, subtotal and total villous 
atrophy) with or without elevated antibodies. Also, a group was added with low grade histopathological 
abnormalities Marsh I or Marsh II (lymphocytic enteritis with crypt hyperplasia) with 
gluten-dependent disorders, in case of elevated antibodies and the HLA-DQ2 or HLA-DQ8 genotype. 

Blood samples were collected as part of routine clinical care. Patients were excluded if they had 
an established or suspected gastrointestinal abnormality other than CD, such as inflammatory bowel 



107 

 

disease (IBD). A representative sample of 24 healthy Dutch subjects (comparable for sex, age and 
BMI) was added to compare concentrations of vitamin A, B6, folic acid and B12 (see control subjects 
characteristics [39]). Both groups were studied in the same period, were living in a similar 
environment, and measurements were performed at the same clinical chemistry laboratory. 

The study protocol was approved by the Medical Ethics Committee (2005, project code 05.153) 
of the VU University Medical Centre Amsterdam, The Netherlands. 

2.2. Nutritional Status 

Patient characteristics and demographic data (including age (year), body height (m), body weight 
(kg) and self-reported involuntary weight loss in the past 1 and 6 months) were collected, BMI was 
calculated and biochemical analyses were performed following diagnosis and before any dietary 
advice to initiate a GFD. Patients were subsequently classified as “malnourished” when they 
unintentionally lost more than 10% of their bodyweight in the past 6 months or more than 5% in the 
past month prior to diagnosis or as having “risk of malnutrition” when 5%–10% of the bodyweight 
was unintentionally lost in the 6 months before diagnosis. Moreover, patients were classified into  
3 groups on the basis of baseline BMI; less than 18.5 kg/m2 (underweight), 18.5–25.0 kg/m2 (normal 
weight) and more than 25 kg/m2 (overweight, or even “obese” in case of BMI above 30 kg/m2) 
(according to the definition of the World Health Organisation (2000)). 

2.3. Biochemical Analysis 

Fasting venous blood samples were drawn and subsequently analysed at the endocrine and 
clinical chemistry laboratories of the VU University Medical Centre, Amsterdam. Samples for serum 
folic acid and serum vitamin B12 were analysed by competitive immunoassay (Luminescence, 
Abbott, IL, USA). Serum vitamin B6 and vitamin A status were determined by high-performance 
liquid chromatography (HPLC). Vitamin (25-hydroxy) D was assessed with a competitive binding 
protein assay (Diasorin, Stillwater, MN, USA). Zinc status was assessed using Flame Atomic 
Absorption Spectroscopy (FAAS), serum haemoglobin by colorimetric methods (Cell Dyn Sapphire, 
Abbott, IL, USA) and ferritin values by electro-chemiluminescence immunoassay “ECLIA” (Roche, 
Mannheim, Germany) or “ACS CENTAUR” (Bayer, Mijdrecht, The Netherlands). 

Vitamin B6 and folic acid (both proximally absorbed) and vitamin B12 (distally absorbed) were 
considered to represent the water-soluble vitamin status. Vitamin A and vitamin (25-hydroxy) D 
were considered to represent the fat-soluble vitamin status, although sun exposure, even in The 
Netherlands, may have a strong influence on serum levels of vitamin D. Haemoglobin and ferritin 
levels below the reference ranges listed were used to establish a respective diagnosis of anaemia, 
iron-deficiency or iron-deficiency anaemia when both haemoglobin and ferritin were below 
reference ranges. Patients with a serum value below the lower limit of the reference value were 
considered “deficient”. Reference values for the different parameters are displayed in Table 3. 
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2.4. Statistical Analysis 

Data were tested for normal distribution and presented as means ± SD. The percentage of patients 
with values below the reference value and absolute number of deficient patients were additionally 
calculated for all assessed serum vitamin and mineral concentrations. 

Data were analysed for the total group, and in stratified subgroups by sex, histological damage 
(Marsh classification) and BMI. To determine differences with regard to gender, a Student’s t-test 
was applied in case of continuous data and Pearson’s Chi-~�������	�	����`�����#���	��
���
�������
proportions (% of deficient patients). Analysis of variance (ANOVA), with a Bonferroni correction 
when a statistical significant difference was achieved, was used to compare more than two groups. A 
Mann-Whitney U test (Wilcoxon) or in case of more than 2 variables, a Kruskal-Wallis test was 
applied for variables not found in a normal distribution. The level of statistical significance was 
determined a priori at p < 0.05. Statistical analyses were performed using SPSS (Statistical Package 
for Social Sciences Inc., Chicago, IL, USA—Windows version 20.0). 

3. Results 

3.1. Patient Characteristics and Nutritional Status 

Patient characteristics are shown in Table 2; two-thirds of the population was female. Male patients 
were significantly older than female patients (p = 0.006). Approximately 46% (37/80) of the patients 
had partial villous atrophy (Marsh IIIA) and 42.5% showed subtotal (20/80) or total villous atrophy 
(14/80) (Marsh IIIB or IIIC, respectively). Histologically and serologically atrophic (corpus) gastritis 
was ruled out by a pathologist experienced in intestinal histology. Some of the CD patients reported  
to have used vitamin and mineral supplements before diagnosis of CD was made: 18 (22.5%)  
a multivitamin, folic acid or vitamin B-complex, 7 (8.8%) iron supplements and 14 (17.5%) a  
calcium supplement. The anthropometric data of 24 healthy controls were comparable to those of the  
patients included. 

Patients had, on average, lost 2.4% (±6.3%) of their bodyweight during the 6 months prior to 
diagnosis. Approximately 17% was classified as malnourished (>10% weight loss) and 5% as 
being at risk of malnutrition (5%–10% previous weight loss). Six out of 80 patients (7.5%), and 
only females, were classified as underweight, whereas 29% (23/80) of patients were classified as 
overweight (female:male ratio =1:1). Of the overweight patients, 26% were even obese (6/80 of the 
total group, with female:male ratio = 1:1). 
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Table 2. Patient characteristics of untreated adult CD-patients by gender and compared 
to healthy controls. 

CD Patients Healthy Controls * 

N  80 24 

Sex  All  Female (52) Male (28) F14/M11 

Age (year) mean ± SD (range) 42.8 ± 15.1 (18–75) 39.5 ± 14.3 ^ 49.1 ± 14.9 43.0 ± 12.9 

Height (m) mean ± SD 1.73 ± 0.1 1.68 ± 0.09 ^ 1.80 ± 0.08 1.76 ± 0.07 *a 

Weight (kg) mean ± SD 70.6 ± 15.3 66.0 ± 14.3 ^ 79.1 ± 13.8 75.5 ± 11.6 

BMI (kg/m2) mean ± SD 23.6 ± 4.0 23.2 ± 4.2 24.3 ± 3.6 24.1 ± 2.6 

 

<18.5 

18.5–25 

>25 

6 (7.5%) 

51 (63.8%) 

23 (28.8%) 

6 (22.5%) 

31 (59.6%) 

15 (28.8%) 

0  

20 (71.4%) 

8 (28.6%) 

0 

18 (72%) 

27 (28%) 

Marsh 

classification  

N (%) 

I/II # 

IIIA 

IIIB 

IIIC 

9 (11.3%) 

37 (46%) 

20 (25%) 

14 (17.5%) 

6 (11.5%) 

23 (44.2%) 

10 (19.2%) 

13 (25%) 

3 (10.7%) 

14 (50.0%) 

10 (35.7%) 

1 (3.6%) 

 

Antibodies N (%) Negative 17 (21.3%) 11 (21.1%) 6 (22.0%)  

EMA 

doubtful 

weak positive  

positive 

strong positive 

n.d. 

1 (1.3%) 

5 (6.3%) 

14 (17.5%) 

38 (47.5%) 

5 (6.3%) 

1 (1.9%) 

5 (9.6%) 

10 (19.2%) 

23 (44.2%) 

2 (3.8%) 

0 

0 

4 (14.3%) 

15 (53.6%) 

1 (3.6%) 

 

tTG 

Negative 

doubtful 

weak positive  

positive 

strong positive 

n.d. 

16 (20%) 

4 (5%) 

10 (12.5%) 

18 (22.5%) 

31 (38.8%) 

1 (1.3%) 

9 (17.3%) 

3 (5.8%) 

9 (17.3%) 

12 (23.1%) 

19 (36.5% 

0 

7 (25%) 

1 (3.6%) 

1 (3.6%) 

6 (21.4%) 

12 (42.9%) 

1 (3.6%) 

 

tTG (U/mL) 
mean ± SD  

(range) 

171 ± 402  

(3.2–2500) 

124 ± 378  

(4–2500) 

274 ± 445  

(3.2–1999) 
 

CD genotypes 

DQ2(hetero-/homozygote) 

DQ8(hetero-/homozygote) 

DQ2 and DQ8 

DQ2 nor DQ8 

n.d. 

62 (77.5%)(56/6) 

5 (6.3%)(3/2) 

3 (3.8%) 

3 (3.8%) 

7 (8.8%) 

42 (80.8%)(37/5) 

3 (5.8%)(2/1) 

2 (3.8%) 

1 (1.9%) 

4 (7.7%) 

20 (71.4%)(19/1) 

2 (7.1%)(1/1) 

1 (3.6%) 

2 (7.1%) 

3 (14.3%) 

 

BMI: Body Mass Index, EMA: anti-endomysial antibodies, tTG: anti-tissue transglutaminase, ^ Significantly 

different from men (p < 0.05) by Student’s t-test, n.d. (not determined), # low grade histopathological abnormalities 

with HLA-DQ2 and/or DQ8 and elevated antibodies (EMA and/or tTG), * variables NS (not statistically significant 

from CD-patients (p < 0.05) by Mann-Whitney U test), *a statistical trend p = 0.05. 
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3.2. Biochemical Analyses 

Serum concentrations of vitamins and minerals of the untreated CD-patients are shown in Table 3. 
CD-patients were most frequently deficient for folic acid (20%, 16/80), followed by vitamin B12 
(19%, 15/79), vitamin B6 (14.5%, 9/62), vitamin A (7.5%, 4/53) and vitamin (25-hydroxy) D (4.5%, 
1/21), respectively. Approximately 67% (26/39) of the patients had zinc deficiency, 32.4% (23/71) 
had anaemia, 46.2% (18/39) had insufficient iron storage evidenced by low ferritin and 25% (8/40) 
had iron-deficiency anaemia. CD-patients had lower values of vitamin A and folic acid than healthy 
controls. Overall, vitamin deficiencies were barely seen in healthy controls, with the exception of 
vitamin B12. None of the healthy controls showed deficient levels (below the reference values) for 
vitamin A and vitamin B6 and only one for folic acid. 

Ten patients (12.5%) were not deficient for any of the assessed vitamins and minerals. These 
patients had similar base-line characteristics to the rest of the CD group. The remaining 70 patients 
(87.5%) were deficient in at least one of the nutritional parameters and 43 (53.8%) for two or more 
parameters. 

Table 3 depicts the proportion of deficient patients, stratified by sex. As anticipated, serum 
haemoglobin concentrations were lower in women than in men (p < 0.001). While, on the other  
hand, serum folic acid concentrations were lower (p = 0.040) in men when compared to women. No 
statistically significant difference was found for any of the other nutritional parameters when 
comparing males and females. Notwithstanding, multivitamin use (including folic acid or vitamin B 
supplement)  
at their own volition or prescribed by the GP was more prevalent in women than men (30% vs. 13%).  
A statistical trend was seen for vitamin B6, suggesting that men might be more often deficient than 
women (p = 0.097). 

3.3. Association between Vitamin and Mineral Concentrations and Histological Damage  
(Marsh-Classification) 

Table 4 depicts the mean serum vitamin and mineral values by Marsh strata. No statistically 
significant differences were found between the serum vitamin and mineral concentrations across the 
four Marsh strata, except for ferritin. Serum ferritin values decreased when the villous atrophy score 
increased (p = 0.041). 

Table 4. Mean serum concentrations of vitamins and minerals (±SD) in untreated  
CD-patients by Marsh stratum. 

Serum  
Vitamin/Mineral 

Marsh Stratum 
I/II # 

(n = 9) 
IIIA 

(n = 37) 
IIIB 

(n = 20) 
IIIC 

(n = 14) 

Vitamin A (nmol/L) 
2.3 ± 0.4 

(4/9) 
2.0 ± 0.8 
(28/37) 

1.9 ± 0.44 
(11/20) 

1.9 ± 0.8 
(10/14) 

Vitamin B6 (nmol/L) 
129.8 ± 115.0 

(7/9) 
107.6 ± 170.7 

(29/37) 
55.7 ± 43.5 

(15/20) 
86.8 ± 163.9 

(11/14) 

Folic acid (nmol/L) 
14.1 ± 8.5 

(9/9) 
14.7 ± 12.9 

(37/37) 
13.9 ± 15.5 

(20/20) 
18.4 ± 22.4 

(14/14) 
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Table 4. Cont. 

Vitamin B12 (pmol/L) 
282.4 ± 151.7 

(9/9) 
225.2 ± 91.1 

(37/37) 
216.5 ± 80.2 

(20/20) 
234.7 ± 131.8 

(14/14) 

Vitamin (25-hydroxy) D (nmol/L) 
89.3 ± 27.0 

(3/9) 
52.7 ± 16.4 

(7/37) 
63.0 ± 31.4 

(6/20) 
69.2 ± 29.2 

(5/14) 

Zinc (nmol/L) 
11.0 ± 1.7 

(5/9) 
10.8 ± 2.3  

(19/37) 
9.8 ± 1.7 
(11/20) 

8.8 ± 1.7 
(5/14) 

Haemoglobin (mmol/L) * 
8.5 ± 0.5 

(7/9) 
8.0 ± 1.2 
(33/37) 

8.0 ± 1.1 
(18/20) 

7.9 ± 1.0 
(13/14) 

Ferritin (μG/L) ^ 
123.8 ± 167.3 

(6/9) 
47.6 ± 66.3 

(18/37) 
18.8 ± 17.6 

(10/20) 
17.2 ± 22.0 

(5/14) 
# Low grade histopathological abnormalities with HLA-DQ2 and/or DQ8 and elevated antibodies (EMA and/or tTG),  

* gender specific Females I/II 8.2 ± 0.29; IIIA 7.4 ± 0.95; IIIB 7.3 ± 0.84; IIIC 7.8 ± 0.97 and Male I/II 8.9 ± 0.78;  

IIIA 8.9 ± 0.96; IIIB 9.0 ± 0.67; IIIC 8.8 ± 0.72, ^ statistically significantly different (p = 0.041) by Kruskal-Wallis 
test. 

3.4. Association between Vitamin and Mineral Concentrations and Nutritional Status 

Table 5 depicts the mean serum concentrations of vitamins and minerals per BMI stratum. A trend 
was observed for underweight patients having a slightly higher serum folic acid concentration than 
patients with normal weight or overweight patients (p = 0.058). Besides, patients with >10% 
unintentional weight loss in the past 6 months had higher vitamin A and (a trend for) higher vitamin 
B6 (p = 0.09) levels than patients without weight loss. Otherwise, no differences were observed 
between the different classes of nutritional status. 

Table 5. Mean serum concentrations of vitamins and minerals (±SD) in untreated  
CD-patients by nutritional status (BMI stratum and unintentional weight loss). 

Serum  

Vitamin/Mineral 

BMI Stratum (kg/m2) ^ Weight Loss (% in past 6 months) 

Under-Weight 

(<18.5) 

(n = 6) 

Normal Weight 

(18.5–25.0) 

(n = 51) 

Over-Weight 

(>25) 

(n = 23) 

Well-Nourished  

(0%–10%) 

(n = 64) 

Mal-Nourished  

(>10%) 

(n = 13)  

Vitamin A (nmol/L) 1.7 ± 0.7 (5) 2.0 ± 0.7 (35) 2.0 ± 0.6 (13) 1.8 ± 0.6 (40) 2.6 ± 0.7 # (11) 

Vitamin B6 (nmol/L) 
128.5 ± 207.8 

(6) 
99.3 ± 146.2 (39) 63.1 ± 109.0 (17) 68.1 ± 102.0 (48) 206 ± 240.8 (11) 

Folic acid (nmol/L) 33.0 ± 29.9 (6) 14.5 ± 13.4 (51) 11.8 ± 10.0 (23) 13.4 ± 11.2 (64) 23.5 ± 27.1 (13) 

Vitamin B12 (pmol/L) 216.3 ± 57.3 (6) 
226.2 ± 114.5 

(51) 
246.0 ± 90.4 (23) 

227.6 ± 104.0 

(64) 
250.8 ± 117.7 (13) 

Vitamin (25-hydroxy)  

D (nmol/L) 
52.0 (1) 63.4 ± 28.0 (11) 68.0 ± 27.9 (9) 67.1 ± 27.1 (17) 55.0 ± 26.5 (4) 

Zinc (nmol/L) 8.8 ± 0.3 (2) 10.3 ± 2.1 (26) 10.6 ± 2.2 (12) 10.5 ± 2.1 (31) 9.8 ± 2.1 (7) 

Haemoglobin (mmol/L) 7.6 ± 0.7 (6) 8.0 ± 1.1 (45) 8.2 ± 1.2 (20) 8.1 ± 1.1 (56) 7.8 ± 1.4 (12) 

Ferritin (μG/L) 25.0 ± 2.1 (3) 34.9 ± 38.4 (26) 89.0 ± 151.9 (10) 48.5 ± 90.4 (33) 46.2 ± 38.3 (5) 

^ NS (not statistically significant (p < 0.05) by Kruskal-Wallis test, # statistically significantly different from  
well-nourished patients (Student t-test), p = 0.001. 
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4. Discussion 

The present study showed that the majority of an “early diagnosis” adult untreated CD patient 
group (with so-called non-classical presentation) in the Netherlands, had at least one, and often 
several, serum vitamin or mineral deficiencies at diagnosis. Almost 90% of CD-patients were found 
to be deficient in at least one or more of the assessed nutritional parameters, and half of patients were 
deficient for two or more nutritional serum variables. This was observed to be unrelated to severity of 
clinical presentation, nutritional status or (semi-quantified) histopathological damage (score). 

In this study, no statistically significant difference in serum vitamin and mineral concentration 
was found between men and women, although (multi)vitamin use prior to diagnosis was more 
prevalent in women than men (30% vs. 13%). Information is lacking whether they took the vitamins 
at their own volition, or if they were prescribed by the general practitioner. In addition, the assessed 
serum deficiencies were independent of Marsh stratum (Table 4), nutritional status (Table 5) and age 
(data not shown). Folic acid deficiency was observed in 20% of the untreated CD-patients in this 
study. The prevalence of folate deficiency varies from 18% to 90% in varying older and newer 
reports of CD-patients [17,18,24,26]. In studies from Scotland and Finland, folate deficiency was 
reported in 42% [18] and 37% [27] of the untreated CD-patients, respectively. The difference in 
prevalence might at least partially be explained by technical aspects of measurement of “folate” 
(which is the natural form of folic acid) and “folic acid” since bioavailability of folic acid is twice 
that of folate [40]. Macrocytic anaemia in untreated CD-patients is usually caused by folate 
deficiency. In two large European studies, anaemia, mostly attributed to malabsorption, was reported 
to be present in 20%–34% of untreated CD-patients [20,30]. This corresponds with our results in 
which 25% of the CD-patients suffered from iron-deficiency anaemia. 

The presence of vitamin B6 deficiency has been reported in two studies, albeit in children with 
“acute celiac disease”. A decreased pyridoxal phosphate was reported in serum samples and in 
duodenal mucosa, suggestive of vitamin B6 deficiency [41,42] and indicative for decreased levels of 
vitamin B6 in untreated CD children. We found water-soluble vitamin deficiencies (B6, folic acid and 
B12) in approximately one in seven (B6) to one in five (folic acid and B12) untreated CD-patients. This 
was despite the fact that more than 20% of the patients were using a prescribed or over-the-counter 
multivitamin/vitamin B-complex or a folic acid supplement before diagnosis. 

Vitamin B12 deficiency was frequently observed in our CD-patient group (19%), in accordance 
with earlier studies, notably also in those without atrophic gastritis [17,18,26–28]. Intriguingly, this 
vitamin is typically absorbed in the terminal ileum. Apparently, the distal small bowel is functionally 
more affected than previously believed, based on patho-histological analysis of distal small bowel 
biopsy samples [43]. Vitamin B12 deficiency in untreated CD-patients has been confirmed in several 
previously conducted European studies [18,25–28], ranging from 12% up to 41%. It may be 
hypothesized that vitamin B12 deficiency is a result of a dysfunctional intrinsic factor [44]. Dickey 
reported that low vitamin B12 concentrations in CD were not due to auto-immune gastritis [28]. In 
this study, none of the patients had histologically or serologically demonstrated atrophic gastritis 
and, therefore, this was unlikely to be responsible for vitamin B12 deficiencies in CD. 

In various small studies in Europeans, deficiencies of the fat soluble vitamins A [23,27], E [19,29] 
and D [45] in untreated CD-patients have been previously reported. The latter has been associated 
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with osteomalacia. In clinical practice, many believe that the clinically relevant lower limit for 
vitamin D deficiency should be increased. As a consequence, the displayed (relatively low) 
deficiency percentages can therefore be an underestimation. The observed 7.5% of vitamin A 
deficient patients is less than the percentage reported in Finland (14%) for this vitamin [27]. From 
healthy subject studies, it is known that the vitamin A body storage is usually stable and sufficient for 
approximately one to two years [46]. This is confirmed by our healthy sample, in which none of the 
subjects showed a deficiency. 

A majority of our untreated CD-patients had a zinc deficiency, which can probably be explained 
by increased endogenous losses of zinc, rather than abnormal zinc absorption [20]. Clinical relevance 
of zinc deficiency remains inconclusive and additional research is warranted. However, it is known 
that CD is associated with a wide array of skin lesions and manifestations, which may be partly 
ascribed to zinc deficiency [47–50], and cell mediated immunity and antioxidant buffer capacity may 
be compromised due to it as well [51]. 

Possible explanations for the high prevalence of nutritional deficiencies in untreated CD-patients 
might be an insufficient nutritional intake. This is supported by the presence of malnutrition in this 
cohort: 17% was malnourished based on the usual definition of >10% involuntary body weight loss 
prior to diagnosis and 7.5% had a BMI <18.5 kg/m2. However, this seemed unlikely since patients 
did not report any changes (intentional or involuntary) in their habitual diet before diagnosis. 
Moreover, the observed presence of high serum folate levels, particularly in those classified as 
underweight, were contradictory as well. On the other hand, increased faecal losses of nutrients as a 
result of malabsorption might (partially) explain the high prevalence of deficiencies. However, since 
most patients did not report any clinical sign of malabsorptive diarrhoea, losses via the stools were 
thought to be of limited importance as well. Nevertheless, the observed findings in this study, sharing 
deficiencies in water and fat soluble vitamins, zinc and iron, indicate that maldigestion, 
malabsorption or a structurally moderately inadequate intake might have been present long before 
the clinical diagnosis of CD was established. It is known that the delay in diagnosing CD can be more 
than a decade [52]. One may hypothesize that this might be due to functional changes of the intestinal 
tract or due to changes in the intestinal microbiome [53]. In this study, even patients with mild CD 
(low grade pathohistological abnormalities) showed nutritional deficiencies and weight loss. A 
finding that was recently corroborated in a large Italian cohort showed that mild (histopathological) 
enteropathy did not necessarily mean mild intestinal dysfunction since, also in this group, alterations 
in bone marrow density and laboratory parameters were reported [54]. Remarkably, only female 
patients presented as underweight (approximately one in four females), while the female-male ratio 
was similar in the overweight and obese patients. A statistical trend for higher serum vitamin A and 
B concentrations was observed in patients classified as malnourished (low BMI or >10% 
unintentional weight loss prior to diagnosis). This may be explained by their more so-called classical 
CD presentation, which may trigger use of supplements due to a greater physicians’ or patients’ 
awareness when observing clinical signs of malnutrition. 

Some considerations arise when interpreting the presented results: not all data were available in 
all subjects and some subgroups were relatively small, precluding detection of small effects or the 
drawing of firm conclusions in subgroups. Vitamin or mineral supplement use, whether at the 
patient’s own initiative or prescribed by the GP, was based on self-reported information and can 
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therefore be underestimated if patients forget to mention these “medicinal supplements”. However, 
real numbers and frequencies of deficiencies or anaemia might be underestimated, since some 
patients were already taking these supplements before the initial diagnosis of CD, potentially leading 
to misclassification as “non-deficient” in this study. Besides, serum values of almost all vitamins or 
minerals do not fully represent total body stock or physiological function. 

Based on our experience and supported by a recently published guideline on CD [3], we suggest 
monitoring body weight at diagnosis and nutritional serum parameters; at least vitamin B6, folic acid, 
B12 and zinc and in any case (25-hydroxy) D of the fat soluble vitamins (due to its connection with 
presence of osteomalacia). Moreover, we suggest follow-up until serum values are at satisfying 
levels or upon indication (for instance, if bone density deviations, chronic diarrhoea, or skin lesions 
are present). Practically, a standard complete multivitamin supplement (100%–300% of RDA) 
should be considered for every newly diagnosed CD-patient. Continuation time has yet to be 
determined, since patients are at risk for vitamin deficiencies even after 10 years of a GFD [55]. 
Evidently, hypervitaminosis should be avoided, in particular regarding pyridoxine and iron [56,57]. 
It is demonstrated that bone-mineral density and nutritional status can improve after a GFD treatment 
[58] as well as that of general well-being, which can improve after vitamin B supplementation in 
CD-patients on a GFD [59]. 

5. Conclusions 

In conclusion, deficiencies of vitamins or minerals are frequently observed in untreated adult 
Dutch CD-patients using a Western diet, although they are currently diagnosed earlier than in the 
previous century. This was observed even in obese patients. Almost 90% of the newly diagnosed 
CD-patients had one or more nutritional deficiencies. Malnutrition, expressed as an involuntary 
weight loss or being underweight, was found in 16% and 7.5% of patients, respectively, while 
overweight status (BMI > 25 kg/m2) was present in almost 30% of the patients. Therefore, these 
results indicate that extensive nutritional assessment of body weight and serum nutritional 
parameters should be an integral part of celiac disease treatment to guide nutritional advices and 
follow-up in CD-treatment by means of an adequately composed individual-based, gluten free diet. 
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Abstract: Stressful events have been investigated in various immune-mediated diseases 
but not in celiac disease. Our aim was to examine the relationship of stressful events 
assessed by the standardized interview of Paykel with the diagnosis of celiac disease in 
comparison to patients, with a diagnosis of gastroesophageal reflux disease used as the 
control group. Adults with celiac disease (n = 186) reported more frequent and more 
severe life events in the years prior to the diagnosis than control patients (n = 96) (67.2% 
vs. 37.5%, p < 0.001, mean Paykel score 11.5 vs. 13.4, p = 0.001, respectively). Findings 
were not significantly different between celiac disease and control patients for the time 
lapse between the event and the diagnosis (mean 5.5 vs. 5.7 months). Pregnancy was 
defined as a negative event by 20.3% of celiac women, but never by control women. 
Findings were confirmed when analyses were repeated in the subgroup of patients of 
both groups with diagnosis made within one year of onset of symptoms. Data indicate 
that, before diagnosis, the number of stressful events in celiac disease was more frequent 
although less severe than in the control group suggesting that life events may favor the 
clinical appearance of celiac disease or accelerate its diagnosis. 
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1. Introduction 

There has recently been an increasing awareness of the importance of psychosocial factors on the 
course of the celiac diseases (CD) [1,2]. Several studies investigated the association between life 
events and the development of chronic diseases [3], in particular gastrointestinal diseases such as 
inflammatory bowel disease [4–7] or in general other chronic diseases such as multiple sclerosis [8], 
rheumatoid arthritis [9], diabetes [10], skin diseases [11], mania [12], bipolar [13] and affective 
disorder [14]. Overall, there is an increasing evidence of the role of stressful life events in the onset 
of immune-mediated diseases [6,15], although the reviews point out the weakness of the majority of 
the published studies because of methodological issues (study design, controls, scale and timing) and  
small-sample size. Studies on the relationship between CD and stressful life events are, to our best 
knowledge, not available. Theoretically, a life event could relate to the onset of CD through at least 
two mechanisms. Firstly, a stressful life event pushes the person to seek medical consultation, 
because pre-existing symptoms become more important in their perception. Secondly, affecting the 
primary mechanism of the disease itself, for instance in the case of CD, through an event inducing 
psychological modulation of symptoms in a genetically-determined immunological response to gluten. 
Methodologically standardized questionnaires are considered an adequate tool for investigation about 
life events when administered by specialized personnel because it is difficult to collect reliable and 
measurable information about life events and to assess their impact on disease [11]. Conversely, the 
notable limitation of those studies that explored the role of stressful life events in the onset of 
immune-mediated diseases, is that the patient may contribute to the misinterpretation of events due 
to several factors such as the misperception of reality and the altered individual sensitivity that could 
be features of premorbid personality and/or psychic disturbances. Poor social network and 
unemployment are additional important factors of vulnerability. Moreover, the impact of life events 
may be retrospectively the object of interpretation as the patient tries to find an explanation for 
his/her illness. However, the use of a preformed list of events, of adequate control subjects and, more 
importantly, limiting the time lapse from the event and the onset of symptoms as much as possible to 
reduce the recall bias, should guarantee the reliability of the findings. 

To explore our hypothesis that there is a possible relationship between life events and the onset of 
CD, we examined the prevalence of life events prior to the diagnosis in adult CD patients compared 
to patients with another chronic gastroenterological disease. 

2. Experimental Section 

2.1. Patients 

2.1.1. CD Group 

Patients with newly diagnosed CD and adult age (>18 years) were consecutively recruited in the 
study at the Gastroenterology Unit, University of Naples “Federico II”, which is a tertiary center for 
food intolerance and celiac disease. CD was diagnosed based on anti-human tissue transglutaminase 
and antiendomysium positivity in presence of normal total IgA level and on a positive gluten-related 
damage at well-performed intestinal biopsies [16,17]. Exclusion criteria were as follows: 
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asymptomatic CD diagnosed in first-degree relatives of a celiac patient; older age (>75 years); 
signs/symptoms suggesting the onset of CD in pediatric age (history of recurrent gastrointestinal 
symptoms, reported failure to thrive and/or presence of dental enamel defects or dental hypoplasia); 
reported use of cannabis or other drugs; alcohol abuse; previous diagnoses of brain disorders (e.g., 
epilepsy, atassia, etc.); previous diagnoses of depression or the actual existence of a depressed mood or 
of depression as assessed by the modified Zung Depression Rating [18,19]. 

2.1.2. Control Group 

Among gastrointestinal diseases, gastroesophageal reflux disease (GERD) was chosen as the 
control disease for its similarities to CD in at least two aspects: both of them are chronic diseases and 
symptoms are subtle in early stages and become progressively more evident over the time up to a 
climax when often upper endoscopy is performed to obtain a definitive diagnosis [20]. Conversely, 
GERD is independent from immunological disorders. In fact, the immune-mediated aspects in 
GERD are usually absent or of minor importance than in CD. Thus, patients with GERD symptoms 
undergoing upper endoscopy at the Federico II Gastrointestinal Unit that revealed non erosive 
esophageal disease (NERD) or esophagitis (Los Angeles grade A) were enrolled in this study as a 
control group. During upper endoscopy, GERD patients underwent jejunal biopsy in order to exclude 
CD or other causes of malabsorption. Inclusion criteria for GERD were age between 18 to 75 years 
and negative serum antitransglutaminase antibodies and no IgA deficiency. Exclusion criteria were 
similar to those for CD patients including signs/symptoms suggesting the onset of GERD in pediatric 
age; reported use of cannabis or other drugs; alcohol abuse; previous diagnoses of brain disorders 
(e.g., epilepsy, atassia, etc.); previous diagnoses of depression or the actual existence of a depressed 
mood or of depression as assessed by the modified Zung Depression Rating [18,19]. 

All patients gave their written informed consent and the study protocol was approved by the 
Ethic Committee (Diagnosis and Follow-up of Celiac Disease protocol). 

2.2. Assessment of Symptoms 

A previously published questionnaire was used to routinely assess the presence of gastrointestinal 
symptoms such as abdominal pain, diarrhea, constipation, dyspepsia-like symptoms, GERD 
symptoms and weight loss [21,22]. 

2.3. Assessment of Life Events 

Information about incident events in the last year prior to the diagnosis were collected with the use 
of “The Interview for Recent Life Events” of Paykel [23–26] administered by a specialized 
psychologist (MS) who was unaware of the final diagnosis. The interview categorizes life events of 
moderate to severe degree in 10 groups as follows: employment, education, financial status, somatic 
health, loss (death of close relatives), living place, relationship, criminality, family and social 
problems, marital problems. In the Paykel scale, there are several possibilities to point to a personal 
disease (admission to the hospital, severe disease, minor disease, pregnancy, abortion, childbirth) 
although the interview does not allow for specification of the diagnosis or pathological pregnancy. 
When an event was reported, information was collected also about the date of the event. In the case 
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of multiple reported events, analyses on the date and the quality of the event were based on the event 
defined as “dominant” by the participant. All events, dependent or independent from illness were 
recorded. The interview requires approximately 25–70 min, depending on the number of events, the 
difficulties in obtaining information from subjects and the complexity of the reported event. The 
Paykel’s interview includes the pregnancy as a possible stressful event. Thus, data were collected 
also on previous pregnancies. The Paykel’s interview also allows an assessment of the level of 
independence of the event in a 5-point scale in relation to the illness under consideration and the 
negative objective impact, and a subjective judgement of the expected stressfulness of the event for 
an average person, also in a 5-point rating scale. Moreover, the Paykel’s interview attributes an 
objective normative value for each event (the higher the score, the more severe is an event). 

2.4. Statistical Analysis 

ANOVA were used for analyses on continuous data and reported as means ± standard deviation (SD). 
Differences in frequencies between groups were calculated with the �2 square test. Odds ratios (OR) ± 
95% confidence interval (CI) were used to analyze the risk of having life events in CD compared to the 
control group. The SPSS software package for Windows [27] was used for statistical analysis. 

3. Results 

Two-hundred and twenty-nine patients newly diagnosed adult patients with celiac disease were 
eligible. A total of 186 (mean age ± SD: 37.6 ± 12.5 years) fulfilling the inclusion criteria were 
enrolled in the study, and 43 patients were not included because of exclusion criteria. The majority of 
CD patients were feminine gender (n = 152, 81.7%), with age <40 years (n = 117, 63%). Ninety-six 
GERD patients were selected as the control group. They were similar for gender (women n = 70, 
72.9%, �2 1.842, p = 0.2) and age (mean age ± SD 36.2 ± 11.8 years, p = 0.4) distribution to the CD 
group. As for the BMI, as expected, it was higher in GERD than in CD patients (mean BMI ± SD: 
24.7 ± 3.1 in GERD patients and 22.3 ± 3.8 in CD patients, p = 0.000), but none of them showed a 
BMI greater than 30. None of them refused to answer the questionnaires. 

CD and control group did not differ in the length of the period with symptoms prior to diagnosis  
(4.87 ± 5.8 vs. 5.56 ± 3.0 years, p = 0.4). Gastrointestinal symptoms (diarrhea and/or abdominal pain) 
were present in 43% of CD and 22% of c
���
����
���������	���2 11.402, p < 0.001). Dyspepsia was 
present in 41% of CD and 62% of c
���
����
���������	���2 9.956, p = 0.002). Weight loss was 
present in 24% of CD and 12% of c
���
����
���������	���2 5.677, p = 0.017). GERD symptoms 
^�������	�����������
��|����������
��|
���
����
���������	���2 77.640, p < 0.001). 

CD patients were statistically more likely to have a life event prior to the diagnosis (OR 3.495% 
CI 1.766–6.606) compared to patients in the GERD group although the severity of the event assessed 
by the Paykel’s interview was significantly higher in control group patients than CD (Table 1). In the 
comparison between the two diseases, differences were not significant in the time lapse between the 
date of the event and the date of the diagnosis. Due to the higher prevalence of women in both groups 
a gender-analysis was performed. A significantly higher prevalence of events was observed in 
women in the CD group than in the control group (71.1% vs. 34.3%, �2 16.727, p < 0.001), while men 
did not differ in the frequency of events between groups (50.0% vs. ��������2 0.056, p = 0.8). 
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Pregnancies were reported in 79 CD and in 22 control group women. Number of 
pregnancies/women was 1.03 ± 1.13 for celiac women and 1.00 ± 0.9 for disease control women  
(p = 0.9). Additional analyses were done to exclude that pregnancy could be a major determinant of 
the difference in the prevalence of events between CD and control disease. To address this 
possibility, the comparison between women with CD and women with control disease was repeated 
after exclusion of events related to pregnancy. However, a significant difference in the prevalence of 
events between the CD and the control group was confirmed in this additional analysis (67.4% vs. 
������� �2 12.769, p < 0.001). Furthermore, 20.3% of CD women who experienced a pregnancy 
indicated the pregnancy itself as a stressful event, while no women who experienced a pregnancy in the 
control disease group did (p = 0.02). 

Table 1. Reported number of events according to the Paykel’s interview, time lapse from 
the event to the diagnosis, and normative values (the standardized weight of each event in 
the scale) in coeliac disease (CD) and control gastroesophageal reflux disease (GERD) 
subjects. 

Variables CD GERD p 
Number of patients 186 96  

% with events 67.2% 37.5% <0.001 * 
Normative value of event, Paykel score (means ± SD) 11.5 ± 4.8 13.4 ± 4.3 0.001 ** 

Time lapse between event and diagnosis (months, means ± SD) 5.5 ± 4.1 5.7 ± 6.2 0.9 ** 
SD = standard deviation; * Chi square test, ** ANOVA. 

Table 2 shows the distribution of life events by the 10 categories of the Paykel’s interview. The 
two most common categories of events in CD patients were somatic health problems and loss  
(prevalence > 17%). Distribution of events was similar in the Control group. CD patients reported 
most frequently gastrointestinal symptoms, and diagnosis of severe anemia, osteoporosis, and 
thyroiditis among somatic health problems. 

Table 2. Distribution of life events among the 10 areas identified by the Paykel Scale in 
CD and control (GERD) subjects. 

Variables CD n (%) GERD n (%) p * 
Number and percentage of patients reporting an event 125 (67.2) 36 (37.5) <0.001 

Type of Event 
Employment 12 (9.6) 2 (5.6) 0.6 

Education 14 (11.2) 0 (0.0) 0.08 
Financial status 7 (5.6) 6 (16.7) 0.07 
Somatic health 39 (31.2) 10 (27.8) 0.9 

Loss 22 (17.6) 6 (16.7) 0.9 
Living place 7 (5.6) 2 (5.6) 0.7 

Sentimental life 4 (3.2) 2 (5.6) 0.9 
Criminality 1 (0.8) 0 (0.0) 0.5 

Family and society 8 (6.4) 2 (5.6) 0.8 
Matrimonial problems 11 (8.8) 6 (16.7) 0.3 

n = number; * Chi square test. 
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Since most of somatic health problems might be considered dependent from the illness under 
consideration, analyses were repeated with the exclusion of the patients reporting health-related 
events. CD patients reported more frequently events independent from the disease when compared to 
the control disease group (86/147 (58.5%) vs. ������������`���2 10.655, p = 0.001). 

Table 3 describes the patients’ opinions about the possible relationship between the reported event 
and the disease development. Findings were not significantly different between the CD group and 
Control group ��2 1.132, p = 0.9) and indicated that only a minority of the patients pointed out that 
the event could have a role in the development of the disease. 

Table 3. Patients’ opinion about the effect of the reported event on the development of 
the disease Scale in CD and control (GERD) subjects according to the Paykel scale. 

Variables CD GERD 
Number of patients reporting an event 125 36 

5-Point Rate Scale 
No effect 52.8% 55.6% 

Probably no effect  20.8% 11.1% 
Uncertain 16.8% 22.2% 

Probably some effect 5.6% 5.6% 
Sure effect 4.0% 5.6% 

Celiac patients were interviewed extensively about the life events that occurred during the year 
prior to the onset of symptoms. Since symptoms typically precede diagnosis by months or even years 
in this condition, we aimed to explore specifically whether limiting the time lapse from the diagnosis 
and the onset of symptoms as much as possible changes the previous findings. Then, the analyses 
were repeated selecting subgroups of CD and GERD patients in whom symptoms begun not more 
than 12 months before diagnosis. In this subgroup, CD patients reported a higher prevalence of life 
events than GERD patients (40/56, 71.4% vs. 18/48, �!������2 12.062, p = 0.01). This prevalence 
became even stronger with the exclusion of patients who experienced a pregnancy and consequently 
���
����������	���2 8.181, p = 0.006). 

4. Discussion 

The main finding of the present study is that CD patients reported more frequent stressful events in 
the years prior to diagnosis and this result is even more significant when the analysis is limited to CD 
patients with onset of symptoms in the year preceding the diagnosis. In fact, also in this subgroup during 
the 12 months prior to CD diagnosis there is a significant higher prevalence of life events in comparison 
to patients with GERD, even higher than that found in the whole CD group (71.4% vs. 67.2%). 

Reflux disease had been chosen as a control group in this study for several symptomatological 
similarities with CD, but for its known independence from immunological mechanisms. Moreover, it 
has already been demonstrated that in practice total stress scores are found to be highly correlated 
with number of events, since, as previously stated, most reported events are from a comparatively 
narrow midrange of scores [24]. 

Other indices related to the event—type and time before diagnosis—were similar between CD 
patients and GERD patients, although severity of the events, assessed by the normative values was 
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higher in GERD patients than CD. Somatic health problems and death of a close relative were the 
most frequent events. CD patients complain of some other co-morbidities, such as thyroid diseases 
and diabetes, that could obscure the association between life events and the onset of disease. With the 
exclusion of patients reporting those health problems as “stressful events”, the number of stressful 
events in celiac disease was still greater than that reported in the GERD patients. Among CD 
patients, the frequency of stressful events prior to diagnosis was significantly higher in women than 
men. Analyzing the type of events, we noticed that pregnancy was reported as a stressful event in 
(20.5%) cases by celiac women but never by women in the control group. This could at least in part 
explain the higher percentage of stressful events reported by CD women. Pregnancy is a peculiar 
moment in the fertile life of an undiagnosed celiac woman [28] also because pregnancy may disclose 
the relative “subclinical” deficiency of iron or other nutrients by increasing the metabolic demand 
and also may favor the development of the so-called “celiac crisis” that is an acute phase of open 
malabsorption leading to gluten-related auto-antibodies search [29]. One cannot exclude, however, 
that during pregnancy a combination of somatic and psychological factors may equally contribute to 
the request for medical help by the celiac women who are not yet aware of their disease. In the 
present study, pregnancy was one the events which could be selected by the patient in the Paykel’s 
interview. It is possible that celiac women could have perceived their pregnancy as a negative event 
more frequently than women with the control disease because of the metabolic imbalance associated 
with malabsorption. To address this possibility, the comparison between CD women and GERD 
group women was repeated after exclusion of events related to pregnancy and our results 
demonstrated that celiac women still remained more sensitive to psychosocial stressors. 

As symptoms due to gluten intolerance may precede by years the diagnosis of celiac disease, a 
separate analysis of data from a subgroup of subjects in whom the diagnosis was made within one 
year from the onset of symptoms was planned and the results fully confirmed the above findings. 

The interpretation of the results of this study is complex because the available evidence indicates 
that the relationship between life stress events and the course of a disease is likely dependent on 
various factors. Little is known about how these factors, individually or in combination, are related to 
any disease activity. The nature and strength of these inter-relationships have strong clinical 
implications not for a single disease but for understanding the pathogenesis and the course of several 
pathologies. Patients with a long-lasting, obscure, oscillating illness experience various stressful 
events, which affect life patterns and give rise to conflicts. So the patients might become entangled in 
a vicious circle where life events accelerate the appearance of a disease or its symptoms which, in 
turn, facilitates the occurrence of life events, as for instance the loss of work or the onset of economic 
problems. It is well known that CD patients often experience altered psychological behavior during 
their life [30–32]. Other, alternative possibilities are that an event could push a person to a medical 
consultation because pre-existing symptoms become more important in his/her perception or that the 
event affected the primary immunological mechanism of the disease. The first possibility however is 
not in accordance with our findings of this subgroup of celiac patients in whom diagnosis was made 
close to the onset of symptoms who reported a greater number of life events compared to controls. 

Moreover, in the case of CD, we know that CD may run undiagnosed for years and that subtle 
symptoms may be underestimated by patients until after treatment. In those cases the evaluation of 
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the precise time of onset of symptoms and effect of stressful events on the diagnosis the might be 
hard to estimate. 

Psychological stress has been repeatedly reported to increase disease activity in gastrointestinal 
diseases [33] and recent studies have confirmed that adverse life events, chronic stress, and 
depression increase the likelihood of relapse in patients with quiescent IBD seemingly through 
changes in hypothalamic-pituitary-adrenal axis function, alterations in bacterial-mucosal 
interactions, mucosal mast cells and mediators such as corticotrophin releasing factor [7,34]. These 
observations were not confirmed by a population-based studies focused on the role of life events in 
determining the onset of inflammatory bowel diseases [35,36]. 

There are several limitations in our study. First of all, the lack of sample size calculation that 
might lead to a misinterpretation of results. This factor could be less of a concern in the majority of 
results since significant differences were reported. Another point is that our sample group might not 
represent all CD patients since they were studied in a tertiary care center. Despite the possibility 
through the Paykel’s scale to point out major and minor health problems, for the lack of information 
about the precise diagnosis we were unable to assess if those events were related to the pathogenesis 
of CD, as suggested in previous studies [37,38]. Lastly, the recall bias as pointed out in the 
introduction, although we tried to reduce it limiting the time lapse from the onset of symptoms and 
the diagnosis to one year in all CD and GERD patients. 

5. Conclusions 

In conclusion, our study indicates that life-events are associated to some degree with recent 
diagnosis of celiac disease in adults. The number of the events and not their severity appear as the 
determinant factor. Our data indicate that stressful events preceding celiac disease diagnosis are 
particularly frequent among celiac women, including pregnancy, which is defined as a stressful event 
only by celiac women and not by control women with gastroesophageal reflux. Altogether, also the 
present data support the need for psychological support in celiac disease, particularly in women at the 
time of celiac disease diagnosis [39,40]. 
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Abstract: Celiac Disease (CD) is a chronic autoimmune disease triggered by dietary 
gluten. Gluten avoidance, which is the only available treatment for CD, could impact on 
quality of life of children with CD. We present the results of a qualitative study on the 
emotional impact of gluten free diet (GFD) on the everyday life of children affected with 
CD. We investigated 76 celiac patients aged 2–18 years (average age: 9.5 years). By 
using the Critical Incident Technique (CIT), we defined emotions related to difficulties 
and awkward situations experienced by the patients. Written answers to open-ended 
questions from either children (older than 8 years) and parents (children younger than 8 
years) were analyzed qualitatively. We found 80 dilemmas experienced in three different 
arenas (food situations at school, meals at home, meals outside) and characterized lived 
experiences of children with CD in everyday life (specific emotions, difficulties in 
relationships and in management of daily life). Children with CD experience strong 
emotions related to the GFD, permeating several aspects of everyday life. These dilemmas 
may be missed by a conventional, questionnaire-based approach to the psycho-social 
consequences of CD treatment. 

Keywords: quality of life; celiac disease; gluten free diet; children; lived experiences; 
psycho-social aspects 
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1. Introduction 

Celiac Disease (CD) is a permanent autoimmune disorder triggered by dietary gluten in 
genetically predisposed individuals. It is a frequent condition affecting about 1% of the general 
population. Gluten is a protein complex found in cereals that are diffusely consumed in most 
countries, i.e., wheat, rye and barley. The only treatment that is currently available for CD is the 
lifelong avoidance of gluten from the diet (so called gluten-free diet = GFD). This treatment is 
effective but limits the patients’ food choice and influences the patient’s lifestyle and quality of life 
(QOL) [1]. 

During the last 10 years the interest on how patient perceive the impact of chronic diseases and 
how the health state is modified by the therapeutic intervention is getting increasing attention in 
medical and health care settings. Health-Related QOL (HRQOL) is a multidimensional concept 
including physical, emotional, social and cognitive domains. What matters in HRQOL is the way 
patients feel about their functioning, not their functioning itself [2]. 

Few data are available about QOL of children on GFD. Dietary restrictions can be difficult to 
accept and follow, especially for screening-detected patients and during adolescence, a life period 
characterized by lower adherence to the dietary treatment [3]. Nevertheless recent studies suggest 
that adolescents with screening-detected CD have similar HRQOL as their peers without CD, both at 
diagnosis and after one year of treatment [4]. A study on the long-term health and QOL after 
mass-screening for childhood disease reported a similar QOL after 10 years follow-up between 
children on GFD and controls [5]. Early CD diagnosis seems to be associated with better physical 
health, lower CD-associated burden and fewer social problems [6]. Other studies used 
disease-specific questionnaire in order to elicit specific problems related to the GFD. In 2001 
Kolsteren et al. reported that the QOL of children with CD was similar to that of an healthy 
age-matched population using the TACQOL-COE-DIET (Technisch Natuurkundig 
Onderzoek-Academisch Ziekenhuis Leiden Children’s Quality Of Life Celiac Disease Gluten Free 
Diet) questionnaire [7]. Using the CDDUX (Celiac Disease Dutch Children) quality of life 
questionnaire, CD children had a lower QOL than the healthy reference group. The CDDUX tool is a 
“bottom-up” questionnaire developed using a focus group-based approach that allow to perceive the 
situation from the child point of view; this kind of questionnaire could have elicited more specific 
information about those aspects of life that are typically influenced by the disease [8,9]. 

The variability of results yielded by different questionnaires and the insufficient data about QOL 
in children with CD need further investigations. 

An alternative method of investigating the QOL is based on the Critical Incident Technique (CIT), 
that is a qualitative research tool (open-ended questions). Studies in adults with CD showed that 
negative lived experiences and feelings of adults with celiac disease occur frequently and have an 
impact on daily life. Patients’ “dilemmas” are related to awkward situations or the need to cope 
difficulties in social relationships and management of daily life in order to adhere to GFD, as 
reported by Sverker and colleagues [10]. Given the interesting results reported in adults with CD by 
using the CIT approach, in the present study we aimed to investigate the impact of CD and the GFD 
on the HRQOL and the social and emotional world of children with CD, using this qualitative 
method of research. 
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2. Experimental Section 

2.1. Patients 

Eighty children (aged 2–18) with biopsy-proven CD on the GFD by at least one year were invited 
to participate in the study when seen at the Gastroenterology Outpatient Clinic (Department of 
Pediatrics, Università Politecnica delle Marche, Ancona, Italy) for follow up, between 2006 and 
2009. To assess the compliance to the GFD, determination of CD serological markers was performed 
in the three months preceding the enrolment in this study. Children under 2 years and/or affected by 
type 1 diabetes (T1D) were excluded. Children with CD showing elevated levels of serological 
markers were included in the study. Parents were informed about the study’s risks and benefits and 
agreed to participate through a written informed consent. The study protocol was approved by the 
Ethical Committee of the Università Politecnica delle Marche, Ancona, Italy. 

2.2. Instrument 

We used the Critical Incident Technique (CIT), a qualitative research instrument representing a 
practical and structured way of collecting and analyzing information about human activities and their 
significance to the involved individuals. This tool is useful to yield rich, contextualized data that 
reflect real-life experiences in a flexible way, to meet the specific situation at hand [11]. It requires 
collection of brief, written, factual reports of “critical” actions or experiences in response to explicit 
situations or problems in defined fields. In this study we defined a “critical incident” as a “perplexing 
or awkward situation perceived by a patient to cause disturbances in his/her everyday life” [10]. With 
this phenomenological approach, the goal of the study is to define the individuals’ own world. The 
method is sensitive to minor problems that are however important for the individual (“dilemmas”). 
We collected dilemmas until redundancy appeared, in order to carry out a meaningful qualitative 
analysis as suggested by Sverker and co-workers [10]. 

We chose to collect data through written answer to the following open-ended question: 

� Could you describe the last occasion in which you thought: “If I were not affected by CD” 
(children older than 8 years) 

� In your opinion what are the major difficulties your child had to cope while following the 
GFD? (parents of children under 8 years) 

A sheet reporting the questions was delivered to patients (children older than 8 years) or parents 
(children younger than 8 years). They were invited to write their answers. The interviews were 
administered at the end of the follow-up visit, in a quiet and empathetic environment. Participants 
were leaved alone during the test and the interviewer came back at the end of the test; at this time 
answers were read aloud and sometimes the interviewer asked follow-up questions, to help the 
youngest patients if their answers were not precise, not tying themselves to a specific incident, or to 
better understand the single situation or experience, or to know other experiences or dilemmas 
perceived by the patients, all related to CD and the GFD. All the answers to the follow-up questions 
were then written by the participants. 
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2.3. CIT Data Analysis 

To analyze the data obtained by the CIT we used the method previously described by  
Sverker et al. [10]. First the examiner read several times each written answer, in order to become 
familiar with the data. From each interview the examiner abstracted one or more dilemmas and listed 
them in different categories. Some informants described more than one critical incident and 
identified dilemmas were listed in three main categories. The next step was to find an appropriate 
label for each dilemma and category; then the examiner identified three arenas in which dilemmas 
were experienced. An initial classification was presented by the first author (C.B.) and then 
discussed and revised within the research group. 

3. Results 

3.1. CIT Interviews 

Eighty children were initially screened. Three patients were excluded because of lack of parental 
consent and one patient was excluded because of co-morbidity (T1D), so seventy-six children agreed 
to participate and were included in the study. Only two patients had abnormal values of the 
serological CD markers. The demographic characteristics of the study group are described in Table 
1. Twenty-one patients did not report difficulties related to the GFD, 11 out of 33 symptomatic 
patients (33%), and 10 out of 43 asymptomatic patients (23%) (p = 0.3, chi square test). 

Table 1. Main characteristics of study group. 

 Patients with CD (n = 76) 
Age (years)  

median (95% CI) 8.7 (7.4–9.9) 
25th–75th percentile 6.1–12.8 
Age below 8 years  

[n (%)] 33 (44%) 
Gender   

Male [n (%)] 18 (23.7%) 
Associated disorders a   

[n (%)] 16 (21.1%) 
Age at CD diagnosis (years)  

median (95% CI) 3.5 (2.6–4.4) 
25th–75th percentile 1.9–7.0 

Duration of GFD (years)  
median (95% CI) 3.9 (3.2–4.5) 

25th–75th percentile 1.7–5.4 
Typical CD at diagnosis b [n (%)] 33 (43.4%) 

No reported dilemmas related to GFD [n (%)] 21 (27.6%) 
a Associated disorders were: mild allergic disorders (n = 10), asthma (n = 5), autoimmune thyroiditis (n = 
2); b Typical CD: patients presenting with classical symptoms, i.e., abdominal distension, vomiting, 
diarrhea, weight loss. 
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We collected a total of 80 dilemmas experienced by 55 patients, some patients reporting more 
than one dilemma. We identified three main categories of dilemmas (emotions, relationships and 
management of daily life) that patients experienced in three different arenas: (1) meals at school;  
(2) meals at home; (3) food situations and meals outside home (Figure 1). 

We didn’t find any significant difference on dilemmas distribution between symptomatic and 
asymptomatic patients. There were no noticeable differences in reported dilemmas between parents  
and children. 

Figure 1. Lived experiences of dilemmas (n) in everyday life among children with  
celiac disease. 

 
a Meals outside home: supermarket, parties, restaurant, at relatives’ or friends’ home; b The 
number of dilemmas is higher than the number of children with celiac disease reporting critical 
incidents related to GFD (n = 55), since some patients reported more than one dilemma. 

3.2. Emotions 

The lived experiences of children with CD were characterized by specific emotions, as 
summarized in Figure 1. The most frequently reported emotion was the desire of eating gluten 
containing foods that were not allowed; sometimes it was just to try, but often the desire raised just 
because it was forbidden to share or taste the same food that the parents or friends were eating. 
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Sometimes this emotion was caused by avoidance of food that children liked very much before 
starting the GFD. 

“The most important difficulty my son meets is being not allowed to share the same 
“gluttonies” as their cousins do when we are outside home all together.” (5 years) 

What is interesting in children’s reports is the kind of adjectives used to describe food: the gluten 
containing items are “great”, “good”, “tasty”, while GFD is reported as “different”, “often 
crumbled”, “smelly”, “cold”. 

Gluten avoidance was associated with specific moods, e.g., sense of restriction and constraint, 
sadness, anger, sacrifice and resignation: 

“My son doesn’t accept the imposition of “his food.” (7 years) 
“When I can’t eat what my brother or my friends are eating at school parties, I get angry 
because what I can do is just see them eating their snacks or meals, but I can’t share. I don’t 
show my anger to my friends, I don’t want others know what I feel.” (8 years) 
“Every time I see other children eating I get angry and I eat the same foods they are eating, or 
I go to the supermarket and I buy all the things I’d like to eat, without thinking about gluten 
content.” (13 years) 
“Last Monday I went to the supermarket with my father and I had to give up a candy I liked 
very much.” (8 years) 

This diet restriction could lead to food refusal in youngers or conscious transgressions in 
adolescents. In particular adolescents sometimes chose to eat gluten containing food just to conceal 
their intolerance to their mates (see social relationship). 

Children and adolescents reported to feel different when they could not do the same things in a 
peer group, since they had to eat something they brought or they had to “say no”. Sometimes 
isolation was a disappointing adults’ fault, because someone didn’t know appropriate strategies to 
cope with a child on the GFD. 

“I wished I wasn’t celiac when I went for a walk with my friends last Saturday. They bought 
hot pizza, while I had to eat my cold and ‘different’ pizza, that I brought with me from home. If 
I were not a celiac I could eat the same pizza that my friends eat.” (10 years) 
“When we eat at school, I have to sit alone in a different table; sometimes I think I have a bad 
luck because I can’t eat what my friends eat, while they can eat their food and also my food.”  
(9 years) 

Older children and adolescents were more frequently conscious of their intolerance and of risks 
related to gluten intake. They could experience fear of becoming contaminated by gluten: 

“It happened twice that my friends at school brought a slice of pizza near to my mouth for 
joke, and I had a great fear of getting ill for this.” (13 years) 

An interesting aspect of children’s world of lived experiences is a great hope for the future: 

“My daughter is hopeful and she’s waiting for new therapies.” (7 years) 
“My son doesn’t accept his new diet and he hopes that when he will be older he will eat all 
kind of food.” (7 years) 
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3.3. Relationships 

GFD strongly influences social relationships. Children, particularly adolescents, did not want to 
reveal their food intolerance to their mates. They did not want their diet be the subject of 
conversations, because they did not want to feel different when they were in a peer group. For this 
reason they sometimes decided to eat gluten containing food consciously taking risks, while others 
chose not to go out with friends for lunch or dinner, to avoid the problem: 

“At school I don’t eat ‘my snack’ that my mother puts in my backpack because I don’t want my 
mates know about my gluten intolerance.” (10 years) 
“Two weeks ago on Saturday I was at dinner with my mates: everyone had a pizza and I also 
had a pizza, not to be forced to answer questions about my diet and not to feel different.”  
(16 years) 

3.4. Management of Daily Life 

The GFD and the related need to avoid some food from the diet necessarily impact on the 
management of daily life. In particular adolescents, more than children, reported practical difficulties 
related to the adherence to the GFD. Some adolescent described restricted meal choice when dining 
at restaurant or at the supermarket. Schools were often organized to offer something to eat, much less 
frequently offered gluten-free snacks. This situation was awkward for some and sometimes led to 
giving up going out for dinner or find alternative strategies, like always remembering to bring some 
gluten free food with them. 

“Last summer I was in a great bakery in Sicily; there were a lot of cakes, but I could only 
eat a little chocolate.” (12 years) 
“Last week at school I forgot my snack; all my mates bought snack at automatic machines, 
but I couldn’t. I was really hungry!” (12 years) 
“It was difficult to learn what kind of food I can buy at the supermarket and it is also really 
difficult to find new food at the supermarket, just to have different choices.” (12 years) 

4. Discussion 

Most studies focusing on the QOL of children with CD or adolescents on treatment with the GFD 
reported no differences between patients and healthy reference groups. This “optimistic” view is in 
contrast with follow-up studies suggesting that the adherence to the dietary treatment is often poor, 
particularly in adolescents, as a consequence of the heavy psycho-social burden imposed by the GFD 
on daily life. Poor adherence to the treatment is likely to be the cause of the incomplete recovery of 
the small intestinal mucosa that is frequently found at follow-on intestinal biopsies [12]. In turn, 
persistent intestinal damage may cause long-term CD complications, such as osteoporosis and 
intestinal lymphoma [1]. In this study only two patients had abnormal levels of serological CD 
markers. We think that our sample of children with CD was somewhat selected because these 
patients regularly attended our Gastroenterology Outpatient Clinic. Furthermore it should be 
highlighted that minimal transgression to the gluten-free diet do not necessarily lead to abnormal 
antibody levels. 
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In our opinion questionnaires used to measure the QOL are not always the appropriate instrument 
to catch and characterize the psycho-social discomfort associated with the long-term dietary 
treatment of CD. By using a qualitative method of investigation (the CIT) we found that most 
children and adolescents (72%) reported and clearly described their difficulties in following the 
GFD. This method highlighted the specific problems related to the GFD and their emotional and 
social impact on everyday life of children and adolescents with CD. Since the CIT focused on 
specific problems related to the GFD, a comparison with a control group was not possible in  
this study. 

Interestingly many of our findings in CD children/adolescents are similar to those found in CD 
adults by Sverker et al. using the same method of investigation [10]. Our study could present a report 
bias, given that many questionnaires were answered by the parents and not directly by the children 
(when younger than 8). However we could not find any noticeable differences in reported dilemmas 
between parents and children. Children with CD reported to experience dilemmas in three different 
“arenas” (contexts): meals at school, meals at home, food situations and meals outside home. Unlike 
adults, travel and purchase were not mentioned by anyone of the participants. This is not an 
unexpected finding, given that these arenas are usually managed by the patients’ parents. 

In CD children we identified the same three main categories of dilemmas as experienced by 
adults: emotions, relationships and management of daily life. Children with CD described more 
emotions than adults, with strong feelings like anger, sadness or sense of diversity that could 
negatively impact their quality of life. Also social relationships were deeply influenced by CD and 
the GFD, but interestingly children with CD did not feel forgotten or neglected, probably because 
parents provided all their food-consumption needs. Management of daily life can be difficult for 
children and even more difficult for adolescents affected with CD, however we found only few 
dilemmas in this category. The influence of parents and the family environment played a primary 
role in children’s lives, and probably reduced dilemmas and difficult situations that could become 
more important later in life. 

5. Conclusions 

Our data clearly show that a part of the difficulties that children experience in coping with the 
GFD are not related to the quality of gluten-free food itself, that has improved over the last years, but 
could be influenced by other environmental factors, such as poor awareness of CD treatment in  
the general population and catering staff, and low availability of gluten-free food in most restaurants 
and cafeterias. These problems could be easily overcome by targeted information campaigns and  
staff training. 

Our study shows that having a chronic illness like CD and following a GFD can negatively impact 
the QOL of affected children, a dimension that is not easily measured by standardized psycho-social 
questionnaires. A qualitative analysis of the psycho-social dilemmas, as performed by the CIT, 
provides information on many aspects of the difficulties that children with CD have to cope with, 
because of a limited food choice. These psychological and social aspects should be taken into 
account in the management of children and adolescents affected with CD. 
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Abstract: Celiac disease is emerging in India and has become a public health problem. 
Almost 6–8 million Indians are estimated to have celiac disease. While there is a large 
pool of patients with celiac disease in India, until now, only a fraction of them have 
been diagnosed. With increasing awareness about celiac disease amongst health care 
providers and the general population, a massive increase in the number of patients with 
celiac disease is expected now and in the subsequent decade in India. While the number 
of patients with celiac disease is increasing, the country’s preparedness towards the 
emerging epidemic of this disease is minimal. There are a number of issues, which 
requires urgent attention. Some of the key issues include increased awareness amongst 
health care professionals and the general public about the disease and its management, 
team-based management of patients with celiac disease, proper counseling and 
supervision of patients, training of dietitians in the management of patients with celiac 
disease, industrial production of reliable and affordable gluten-free food, and food 
labeling for gluten contents. 
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1. Introduction 

Celiac disease (CeD) is an immune-mediated enteropathy caused by exposure to gluten in 
genetically susceptible individuals [1,2]. Once thought to be a rare disease and believed to occur only 
in Western Europe, CeD is now a global disease and affects almost 0.6%–1% of the world’s 
population [3,4]. After Europe, America (both North and South), and the Middle East, it is now 
emerging in the East, including many Asian countries [5–13]. Also, once thought to be a disease of 
children and therefore to be managed mainly by pediatricians; CeD is now known to affect all the age 
groups including the elderly [14]. While CeD is emerging, the level of the awareness it too low 
amongst health care professionals, even amongst those most closely involved such as general 
physicians, family physicians, internists, gastroenterologist and pathologists [7,9]. 

2. Emergence of CeD in India 

An increase in number of patients with CeD has been observed from many centers in India 
including ours [15,16]. Furthermore, two community based prevalence studies have been reported, 
both from the Northern part of India. In the first report from Ludhiana (Punjab), a questionnaire 
based survey of 4347 school children (3–17 years), Sood et al. [17] reported prevalence of CeD to be 
1 in 310. In another community-based study including 10,488 subjects, both children and adults, we 
reported the prevalence of CeD in the Northern part of India to be 1.04% (1 in 96) and the prevalence 
of seropositivity (anti-tTG ab) to be 1.44% (1 in 69) [18]. Based on these two general population 
based studies, 5–8 millions of Indians are expected to have CeD. Of such a large pool of patients, 
only a fraction has been diagnosed to have CeD. The results of these studies suggest that CeD is a 
much greater problem in India than has been previously thought [18]. 

At present, only those with the most typical manifestations of CeD come to clinical attention and 
are ultimately diagnosed to have CeD. Now screening programs within populations indicate that 
celiac disease is under-diagnosed and what we detect clinically represents only the tip of the iceberg. 
With an appreciation of the existence of an iceberg of CeD in any society, and with increased 
awareness of CeD, patients with even milder symptoms are likely to be diagnosed in the coming 
years [19,20]. Currently, most celiac specific serology ELISA kits in India are imported from 
Europe. Their diagnostic cut-off values of antibody concentrations are based on Caucasian 
population data. With the difference and diversity in gluten ingestion, the cut-off values for a positive 
test in India may not be similar to those reported in the Caucasians. 

3. Evolution of Dietary Management of CeD 

Dietary management was a mainstay of treatment of CeD even in the early part of the 20th  
century [21]. During 1930s, clinical improvement was observed with several differing diets 
including an oyster diet suggested by Gee and the banana diet popularized by Haas [22]. Stools of 
such patients were quite greasy and worsening of their diarrhea after a carbohydrate diet led to 
another dietary approaches such as reduction or almost complete elimination of dietary fat or 
carbohydrates. A remarkable observation by a Dutch pediatrician, Willem Dicke [23], gave the birth 
to an idea from listening to one of his child patients’ mothers. The mother of the patient told Willem 
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Dicke that her child used to become better if he did not eat porridge. From a clinical observation of 
one child and through years of clinical questioning and dietary therapy, he concluded that wheat was 
the toxic agent leading to CeD [23,24]. Toward the end of World War II, the so-called “winter of 
starvation” when even bread was not available in Holland; children with CeD paradoxically 
improved even though they were consuming a starvation diet (almost devoid of wheat products). 
When bread was airdropped in Holland, deterioration was noticed in these children [23]. Such an 
observation further strengthened the idea that some of the ingredients of wheat were the toxic agents 
for CeD. 

4. What Is Gluten? 

The protein content of wheat varies between 8% and 17%, depending on the genetic make-up and 
external factors associated with the crop. When wheat flour is washed with water, the insoluble 
protein fraction forms a viscoelastic protein mass, called gluten. Gluten, which comprises roughly 
78% to 85% of the total wheat protein, is a very large complex mainly composed of polymeric 
(multiple polypeptide chains linked by disulphide bonds and monomeric (single-chain polypeptides) 
proteins. Gluten plays a key role in determining the unique-baking quality of wheat by conferring 
water absorption capacity, cohesively, viscosity and elasticity on dough [25–27]. 

Gluten is classified into two main fractions according to their solubility in aqueous alcohols: the 
fraction which is soluble in aqueous alcohol is gliadin and those insoluble are called glutenins. Both 
the fractions consist of numerous, closely related polypeptides that are rich in glutamine and proline 
amino acids. Gliadins are mainly monomeric proteins with molecular weights around 28,000–55,000 
����#����������#���	����		������	����-��$- ����-type according to differences in their primary 
structures. Glutenins consist of glutenin subunits of high (MW 67,000–88,000) or low molecular 
weight (MW 32,000–35,000) that are connected by intermolecular disulphide bonds. Non-covalent 
bonds such as hydrogen bonds, ionic bonds and hydrophobic bonds bind gliadins and glutenins, 
which provide structure and physical properties of the gluten. Glutenins confer elasticity, while 
gliadins mainly confer viscosity and extensibility to the gluten complex [25–27]. 

Gliadins and glutenins contain domains with numerous repetitive sequences rich in these  
amino acids [28]. The gliadins have high proline and glutamine content and humans inherently lack 
endopeptidases to cleave bonds between proline and glutamines. The incomplete digestion of gliadin 
by digestive tract enzymes leads to the generation of many polypeptides, which are immunogenic to 
patients genetically susceptible to CeD. 

5. What Is a Gluten Free Diet (GFD)? 

The absence of gluten in natural and processed foods represents a key aspect of the GFD (gluten 
free diet). The current Codex Standard for gluten free foods was adopted by the Codex Alimentarius 
Commission of the World Health Organization (Geneva, Switzerland) and by the Food and 
Agricultural Organization (Rome, Italy) in 1976 and amended in 1983. In 2000, the Codex 
Alimentarius Commission of the World Health Organization and the Food and Agriculture 
Organization described gluten free foods with a gluten level not exceeding 20 ppm and consisting of, 
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or made only from ingredients which do not contain any prolamines from wheat or any Triticum 
species, such as spelt, kamut or durum wheat, rye, barley, oats, or their crossbred varieties [29,30]. 

Gluten intake varies from population to population and depends upon dietary practices. In a 
double blind, placebo controlled prospective study; Catassi et al. [31] demonstrated that an intake of 
as little as 50 mg of gluten per day for 3 months was sufficient to cause a significant decrease in the 
intestinal mucosal mucosal villous height/crypt depth ratio. Furthermore, a daily intake of gluten of 
lower than 10 mg is unlikely to produce significant histological abnormalities [32]. The GFD with 
the threshold at less than 20 ppm of gluten ensures an intake of less than 50 mg/day and provides a 
sufficient safety margin [33]. 

6. Indian Dietary Habits and Gluten in the Indian Diet 

India is a country of diversity in terms of culture, language, living standards and dietary practices. 
Until a few decades ago, Indians used to prefer natural foods to refined foods. In general, Indian 
families cook most of their meals at home on a daily basis and eat freshly cooked warm food.  
Most Indians do not prefer frozen or packaged food and tend to prepare their food from fresh 
ingredients. Indians are also less likely to visit restaurants. The family and social bond is very strong 
and they like to have food together with family members. Most of the meals contain a combination of 
cereals, pulses, spices and vegetables. Those who can afford, also uses dairy products, fruits and 
non-vegetarian food. 

The “Green Revolution” in 1970s and onwards, promoted record grain promoted and ensured  
self-sufficiency in cereal grains [34,35]. During the past two decades, a shift from traditional to 
modern technologies, globalization, industrialization, constant travels across the world, and a fast 
growing economy led to the use of processed and fast foods at least in the urbanized part of India. 
While on one hand, there is poverty and hunger causing under-nutrition and its related disorders; a 
substantial increase in the intake of fast food is on the other hand leading to over-nutrition related 
disorders such as obesity and diabetes [36–38]. Therefore, the effects of malabsorption secondary to 
CeD could be severe in those who already have poor nutritional status due tounderlying poverty 
and ignorance. 

Gluten intake varies from population to population and depends upon dietary practices. Wheat is 
the staple cereal in the northern part of India and flat bread made from wheat flour is the one of the 
most important constituents of almost every meal. In the southern and northeastern part of India, rice 
is a staple cereal. A typical North Indian diet, where flat bread is the usual meal, contains about 25–30 
g of gluten per day; whereas average gluten intake in the West varies from 10 to 20 g/day [39]. 

7. Barriers in Maintaining a Strict GFD in India 

There are many barriers to maintenance of a GFD; some of them are universal and some of  
them are unique to Indian patients with CeD. Patients with CeD are challenged with barriers  
in maintenance of a strict GFD because of factors such as inadequate information and education 
about the disease, food contamination, and inadequate/no food labeling on the packaged food  
items [40,41]. 
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Because of viscoelastic properties, as discussed earlier, gluten is used extensively in the food 
industry. In fact, efforts have been made to increase the gluten content of the wheat and globally the 
gluten industry is very big. It may be surprising to know that gluten is present in daily use items such 
as lipsticks, postage stamps, beer, ice-creams, sweets, confectionary foods spreads and seasonings, 
soups and sauces, malted beverages and many more [42]. Due to the lack of gluten labeling on food 
items in India, it is difficult for anyone to know if a particular food product is gluten free or not [43,44]. 

Contamination of food with gluten is another concern. The contamination of food with gluten can 
occur: during milling if the same mill is used without proper cleaning for grinding gluten-containing 
and gluten-free grains; at the grocery store, if the same spatula is used to pick gluten containing and 
gluten free grains/flours; at factories producing commercial food products if same production line 
and equipment are used for both gluten-containing and GF (gluten free) food products; during 
preparation of commercial food products where gluten is added as fillers, stabilizing agents or 
processing aids such as thickener in soups, canned vegetables and other processed foods; at home, if 
the same utensils are used for storing, cooking and handling (rolling pin, surface griddle, dusters and 
oil for frying) gluten-containing and GF cereal flours and products; and while eating out, if addition 
of thickeners fillers/binders had been used which may unintentionally contain gluten. 

Successful management of CeD requires a team approach, including patient, family, physicians, 
and dietitian. After a diagnosis is made, all the patients should be referred to a dietician for nutritional 
assessment, diet education, meal planning, and assistance with the social and emotional adaptation to 
the GF lifestyle. A delay in referral, or no referral at all, increases the likelihood of the patient 
obtaining inaccurate information from the Internet, health food stores, alternative health 
practitioners, family, friends, and other sources, which may be outdated, inaccurate, and/or 
conflicting. This results in confusion, frustration, and insufficient knowledge regarding CeD and the 
GFD. The poorly informed patients might unnecessarily restrict certain foods, thus limiting the 
variety and nutritional quality of their diet [45]. 

Adherence to GFD is the most critical factor for remission of CeD. Adherence to GFD is complex 
and is influenced by knowledge, country or region of residence, availability of GF food, 
determination, and social support [46–49]. Furthermore, attitude and behaviors of significant others 
such as family, teachers and friends also affect the decision to comply with GFD. Compliance to 
GFD is best maintained when residing at home; and eating out with friends or at school are the most 
difficult places to comply with GFD [40]. Lack of background awareness about the CeD and its strict 
dietary restriction in the community creates a problem for the patient and the family of patients with 
CeD [1,40]. Furthermore, it has been observed that girls face compliance issues after marriage. The 
compliance to GFD is better if CeD is diagnosed in their early part of life compared to those in whom 
the diagnosis is made later in life. Patients having minimal symptoms or those diagnosed on 
screening comply less well than those who have overt symptoms [50,51]. As the patient grows from 
childhood to adulthood and become asymptomatic, the compliance to GFD gets worse. 
Non-appearance of acute symptoms after inadvertent or deliberate ingestion of gluten might make 
the patient more confident and induce them to try gluten at other occasions also. Many patients in 
remission might try gluten to see what happens to them with gluten intake [46–50]. 
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Non-Availability of GF (Gluten Free) Food Products 

Because of the perception that CeD is uncommon in India and a low absolute number of patients 
with CeD in India, the need for making a GFD available has not been perceived. The diagnosis of  
CeD presently is limited to only at the secondary and tertiary care centers and often more so in the 
northern part of India. There is some small-scale production of GFD (mainly flour and biscuits) food 
in certain sectors in the northern part of India, which relies upon mixing of non-wheat and non-barley 
cereals. There is a possibility of contamination at various levels such as during harvesting, storage 
and packaging of grain bags by the farmers. In fact all of these should be taken into consideration 
before the grains are used for making gluten free flour. Whichever gluten free flour/products are 
available do not undergo rigorous quality check for their gluten contents. The production of GFD in 
India till now has been small-scale industry based only, and the varieties and choices of GFD are also 
extremely limited. 

Availability of GF foods is a factor, which determines compliance to GFD. Furthermore, 
difficulty in obtaining GF food also interrupts compliance to GFD. Even in countries where CeD is 
common, 10%–15% patients report difficulty in getting a continuous supply of GF food [52]. 
Non-availability of GFD outside their home environment restricts their travel, occupation  
and profession. 

GF food items are considerably more expensive than regular gluten-containing food [53]. A 
nutritionally-balanced GF market basket, based on foods typically consumed by the Scottish 
population, costs more than a standard market basket [54]. Therefore, patients with CeD have 
additional financial requirement for purchasing of GFD for their living. 

8. Measures to Break the Barriers to GFD 

8.1. Patient Education and Awareness 

The management of CeD is unique and different from the treatment of other medical or surgical 
diseases. At present, life-long and complete avoidance of gluten from the diet is the most effective 
treatment of CeD. While prescribing GFD is easy; the key to the success is the dietary counseling by  
a dietician and maintenance of compliance by the patient [44,46–48]. Like any other chronic disease 
management, education of the patients and their families about the disease and dietary restrictions is 
of immense importance. It is generally not possible to explain everything about the dietary 
restrictions in one visit from the nutrition specialist. The understanding and maintenance of GFD 
requires consistent supervision and guidance, which is best provided to the patients and families on 
multiple visits. At every visit to the hospital/clinic, the level of compliance to gluten avoidance 
should be checked and appropriate guidance should be provided. 

8.2. Training of Nutritionist in CeD Management and Counseling of Patients 

The dietary councilor should have sufficient knowledge about the GF food and food products. It is 
not only about prescribing GFD but it is essential to provide for the patient a specific well-balanced 
diet. The dietitian is the most qualified health care professional to provide nutrition therapy. 
Dietitians have extensive academic and practical experience including in-depth knowledge of 



147 

 

nutrition, nutritional needs, nutrition composition and food preparation information and educational 
factors that affect food and nutrition behavior of people. They are also skilled to translate scientific 
information into laymen’s terms and assist individuals in gaining knowledge, self-understanding, 
improved decision making, and behavioral changes. Although other health care professionals can 
disseminate nutrition advice, they do not have the training in nutrition sciences and food composition 
to be able to translate complex medical nutrition concepts and issues into attainable dietary  
changes [42,44,46–48]. 

8.3. Celiac Disease Support Groups 

Celiac disease support groups provides a platform for patients to discuss their problems amongst 
themselves and learn from each other, provides information about GF products and their availability,  
but also can act as an advocacy for gluten labeling and other issues to the Government and regulatory 
bodies [55–57]. Furthermore, it has been observed that the adherence to a GFD increases when 
individuals are members of a patient support group [55–59]. 

8.4. Development of Reliable GFD at a Large Scale 

While the number of patients with CeD is small at present in India, the absolute number of 
patients is rising day after day. As awareness about the disease increase, there is a likelihood of an 
exponential increase in the number of patients with CeD and hence the demand of GFD is likely to 
increase in the near future. Therefore, there is need for large-scale industrial level production of 
reliable and affordable GF food, including choices of food products ranging from snacks, flour, 
sweets, ice-creams and ready-to-eat packets. 

All GF food products should be tested for their quality before releasing for patient’s use. In fact, 
there should be certified gluten check laboratories where food items may be checked for their gluten 
contents. This is an important step to ensure quality of food for its gluten content until the gluten 
labeling legislation is enforced. 

These foods, which are available at present in India, are not labeled for their gluten content.  
As mentioned above, gluten is used extensively in the food industry. Furthermore, even a small 
amount of gluten can maintain the disease activity [31–33]. It is therefore essential that food 
products, which are available, should be labeled for gluten content. 

9. Combining Diabetes and Gluten Free Dietary Management Guidelines 

Eight to fifteen percent of patients with CeD have type I diabetes [58,59]. Planning of a dietary 
management for such patients is a challenge for endocrinologists and dietitians. Disclosure of dietary 
restrictions with a diagnosis of CeD in a patient with type I diabetes may be received as a shock to the 
patient and the family. The objectives of diet planning for such patients are to provide a balanced 
nutritive diet with restrictions posed by diabetes and CeD. A healthy eating plan for diabetes should 
always be individualized based on the patient’s need and metabolic outcome goals (HbA1C, 
weight/height, lipid profile, blood pressure, etc.) [60]. It is therefore essential that rather than making 
two dietary plans for control of CeD and diabetes, the dietitian should make one unified dietary plan 
for both the co-existing conditions. 
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10. Conclusions 

CeD is a public health problem and 6–8 million Indians are estimated to have CeD. While there 
is a large pool of patients with CeD in India, only a fraction of them are currently diagnosed. With 
increasing awareness about CeD amongst health care providers and the general population, a 
massive increase in the number of patients with CeD is expected in the present and subsequent 
decade in India. While the number of patients with CeD is increasing, the country’s preparedness 
towards this disease management is extremely minimal. There are a number of issues, which 
require urgent attention. Some of the key issues include team-based management of patients with 
CeD, proper counseling and supervision of patients, training of dietitians in the management of 
patients with CeD, industrial production of reliable and affordable GF food, food labeling for gluten 
contents and increase in awareness amongst health care professionals and the general public about the 
disease and its management. 
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Abstract: Improved diagnosis of coeliac disease has increased incidence and therefore 
burden on the health care system. There are no quality outcome measures (QOM) in use 
nationally to assess hospital management of this condition. This study applied QOM 
devised by the East of England paediatric gastroenterology network to 99 patients 
reviewed at two tertiary hospitals in the Network, to assess the quality of care provided 
by nurse led and doctor led care models. The average performance across all QOM was 
96.2% at Addenbrooke’s Hospital (AH), and 98.7% at Norfolk and Norwich Hospital 
(NNUH), whilst 95% (n = 18) of QOM were met. Patient satisfaction was high at both 
sites (uptake of questionnaire 53 of 99 patients in the study). The study showed a 
comparably high level of care delivered by both a nurse and doctor led service. Our 
quality assessment tools could be applied in the future by other centres to measure 
standards of care. 
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1. Introduction 

Coeliac disease affects up to 0.5%–1% of all children in Europe and North America, with a 
large number of cases being undiagnosed [1–3]. With the implementation of simple widespread 
diagnostic screening tools, the incidence has increased rapidly in recent years, leading to an 
increasing burden on the healthcare system [3]. 

Overall, it is very well established that a lifelong gluten free diet results in symptom resolution 
and normalisation of tissue transglutaminase (tTG) in the majority of patients [4,5], and remains 
the mainstay of treatment. Hence, patient care includes the involvement of primary, secondary and 
tertiary healthcare institutions as well as several health care professionals such as dieticians, nurses, 
and doctors. The ultimate aim is to optimise resources and expertise in order to provide the highest 
quality patient care. 

In the East of England, patients are managed within the East of England Paediatric 
Gastroenterology Network (EEPGN), which operates two tertiary centres (Addenbrooke’s hospital, 
Cambridge University Hospitals, and Norfolk and Norwich University Hospital) and fifteen secondary 
care sites. Approximately 100 patients with coeliac disease are reviewed annually at Addenbrooke’s 
hospital (AH) and 100 at Norfolk and Norwich University Hospital (NNUH) in specialist “coeliac 
clinics” run on a monthly basis at each site. These clinics are set up to deliver a review of coeliac 
related symptoms and general health, assessment of growth and nutritional status, understanding, 
adherence and support to optimise compliance with the diet. Food diaries are completed prior to 
each clinic, with blood results taken prior to each clinic so that results are available during the 
consultation. Following diagnosis, patients are reviewed as outpatients at three, six, and twelve 
months, and annually thereafter. At NNUH annual review is conducted by Doctors and Dieticians, 
however at AH review is predominantly run by Dieticians and Specialist Nurses, with doctors 
available for consultation if required. Once patients reach the age of sixteen years, their care is 
transitioned on to the adult gastroenterology or primary care services. 

Assessment of Quality Outcome Measures (QOM) is growingly important to assess efficiency 
and quality of service delivery, however there are currently no formally stated national QOM for 
paediatric coeliac disease. It has previously been shown that measures of care quality can be 
beneficial in both acute [6], and chronic [7] conditions in Paediatric care, and that quality of care 
correlates with patient satisfaction [8]. The main aim of our study was to use a set of QOM devised 
by the EEPGN, which were based upon national guidelines [5] to assess quality of care delivered 
by each hospital. The QOM were developed and approved by the EEPGN steering group 
comprising Paediatricians, Paediatric Gastroenterologists, Paediatric Specialist Nurses and 
Dietitians with representation from the two tertiary and five of the secondary care units. The QOM 
were designed to represent acceptable quality of care, be patient centered and be applicable to a 
range of service models across tertiary and secondary units. These QOM were then used to assess 
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the quality of care and patient/parent satisfaction at the two main tertiary centres each offering a 
different service care model. 

2. Experimental Section 

All patients (n = 99) seen in the annual review clinic at both centres during a six month period 
(01/11/10 to 31/05/11) were included in the study. Three major areas of QOM were assessed; 
diagnosis and initial patient management, the annual clinical review process, and transition of care 
from paediatrics to adult medicine. 

The “annual clinical review process” and “transition of care from paediatrics to adult medicine” 
data were collected using a proforma completed during the clinic session. The proforma was 
designed to reflect the 2009 NICE guidelines (CG86) for the management of coeliac disease [5]. 
The proforma consisted of thirteen questions regarding patient care, and was completed by the 
assessing clinicians during each appointment (Appendix 1). The Data relating to each patient’s 
“diagnosis and initial management” was extracted retrospectively from patient documentation 
using an extraction tool based consisting of the six areas outlined for this subsection (Appendix 1). 

“Patient satisfaction” was assessed using an anonymised questionnaire designed by paediatric 
gastroenterologists, dieticians, and nurse specialists within the East of England Paediatric 
Gastroenterology network, which was completed by parents of children attending an annual review 
clinic. Parents were allowed to complete each questionnaire in their own time after the clinic 
appointment had taken place, and handed in the data upon completion. There were eleven questions 
included in the questionnaire. Uptake of the questionnaire was 53 of the 99 (54%) patients included 
in the study (AH n = 20, NNUH n = 33). Each assigned QOM had a predefined target of  
90% concordance. 

A table of each area assessed, and the outcome for each area can be found in Appendix 1. 
The original data was collected as part of a clinical audit and therefore in accordance with 

Department of Health (UK), did not require formal ethical approval [9]. 

3. Results 

3.1. Quality Outcome Measures 

The initial focus of our investigation was to compare the quality outcome measures at each site 
to assess the quality of care delivered by each system, i.e., nurse and dietician (AH) versus doctor 
and dietician (NNUH) led care. The average performance across all QOMs was 96.2% at AH, and 
98.7% at NNUH. 

For “diagnosis and initial management”, six areas were assessed, with the average achievement 
in each standard as 96.3% at NNUH, and 92.3% at AH. As demonstrated in Figure 1, AH met the 
90% target set in each subsection, whilst NNUH achieved compliance in five of the six targets 
(Figure 1). The QOM target that was not achieved was “performance of biopsy within four weeks 
of positive serology result”. 

To assess the quality delivered at the “annual clinical review of patients” eleven areas were 
assessed. The average percentage of compliance across each standard was 98.3% at AH, and 100% 
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at NNUH. NNUH therefore met the 90% target in each of the eleven QOMs, however AH did not 
achieve the target, “tTG less than twice upper limit of normal within two years of diagnosis” (Figure 1). 

Efficient referral of children to adult services is essential as it preserves continuity of ongoing 
care and provides vital information to the adult team. To assess the quality of patient referral at AH 
and NNUH two QOMs were assessed, “discussion of referral”, and “completed referral before 
sixteen years of age”. There were two referral cases at AH, and five at NNUH. In 100% of cases at 
AH and NNUH, referral was discussed during a clinic appointment. Of the five cases at NNUH, 
four were appropriately referred to adult services, however in one exceptional case at NNUH it was 
decided with the patient’s carer that the child should remain under paediatric care for the next year 
due to multiple significant co-morbidities. 

Figure 1. Comparison of the percentage of targets reached in each quality outcome 
measures (QOM) section between Addenbrooke’s Hospital (AH) (solid bars), and 
Norfolk and Norwich Hospital (NNUH) (hashed bars), showing the majority to targets 
being reached in each section. 

 

3.2. Parent and Patient Satisfaction 

In addition to the EEPGN quality of care assessment, it is important that parents and patients 
perceive the healthcare service provided as being of a high standard. Therefore, a parent and patient 
satisfaction survey was used to assess the satisfaction at each site. The overall satisfaction ratings 
were comparably high at both sites, with 88% (n = 29) of responses at NNUH and 75% (n = 15)  
at AH rated as “very satisfied” (Figure 2). 3% (n = 1) of responses at NNUH and 5% (n = 1) at  
AH were rated as dissatisfied, and in all cases the cause listed was long waiting times when 
attending clinic. 

The combined data for AH and NNUH showed that the best reviewed areas during consultation 
were patient diet (98%, n = 52), symptoms (92%, n = 49), and growth (96%, n = 51) (Figure 3). 
The less well covered areas were updating patients about gluten free diet options, and availability 
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of food samples. Interestingly, when questioned on which areas parents would like to be covered, 
the greatest response was for gluten free food samples to be provided during the appointment 
(61%). The area that parents least wanted to discuss was review of diet (23%). 

Figure 2. Comparison of parent satisfaction levels at AH (solid bars) and NNUH (hashed 
bars). Satisfaction levels are mostly very high in both sites, with slightly higher levels 
noted in NNUH. 

 

Figure 3. Bar graph displaying the percentage of topics patients would like to discuss 
(hashed bars) contrasted to the areas actually discussed during the appointment. Data 
contains answers from all patients both at AH and NNUH. 
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4. Discussion 

Numbers of children and adolescents diagnosed with coeliac disease are rapidly increasing in 
most European countries including the UK [3]. Given substantial financial restrictions to most 
healthcare systems new cost-effective solutions to provide high quality patient care are urgently 
required. Addenbrooke’s hospital adopted an alternative approach to the doctor led coeliac clinic 
by running a predominantly dietician and nurse led service with doctors offering advice in specific 
circumstances. In contrast, a second tertiary centre in the east of England ran the model of a 
primarily doctor led service. In this study we assessed and compared the quality of both models 
using QOM and parent satisfaction. Results of our study demonstrate that both approaches provide 
similarly high standards of care. 

The missed target in the “diagnosis and initial management” subsection was “diagnostic biopsy 
within four weeks of positive serology at NNUH”. This was due to waiting times for endoscopy, 
preventing more prompt scheduling of biopsy. Our data has prompted a review of patient pathway 
to meet this target. Subsequent to our study there have been changes to the diagnostic guidelines 
provided by the British Society of Paediatric Gastroenterology, Hepatology and Nutrition 
(BSPGHAN) allowing the diagnoses of coeliac disease to be made without the requirement of a 
small bowel biopsy. This has the potential to improve endoscopic capacity in both units as well as 
delivering cost savings to the healthcare economy [10]. 

Within the “annual clinical review of patients” subset of QOM, the only missed target at the two 
sites was to achieve a tTG value less than twice the upper limit of normal within two years. This 
was the case for five patients at AH, despite NNUH achieving 100% in this target. The most likely 
cause of elevated tTG following diagnosis is poor adherence to a gluten free diet as refractory 
coeliac disease is rare [4]. As a learning point arising from our data, increasing focus has now been 
placed on the provision and support for parents and patients in adhering to a gluten free diet at AH 
further highlighting the vital role of nurse specialists and dieticians in the long term management of 
children with coeliac disease. 

Uptake of the voluntary questionnaire was low across both centres, and was lower at AH (41%,  
n = 20) than NNUH (66%, n = 33). It is possible that patients and their parents that had received a 
low quality of service might not have wanted to give feedback, and this must be considered when 
comparing the highly positive feedback at the two centres. Excellent overall satisfaction ratings 
were recorded at both sites, and this correlation with good QOM scores reflects previous research 
into patient satisfaction [8]. The cause stated for all dissatisfied parents was waiting times, which 
were up to two hours long. Waiting times can be very difficult to control in the clinical setting, 
however given that 50% of patients would be happy to be seen in a non-coeliac clinic, it may be 
possible to further outsource patient care according to specific requirements such as dietetic advice 
or practical guidance, which could be provided by trained general practitioners, healthcare visitor 
or nurse specialists. Care could then be reassessed using further application of QOM. 

An additional area that was found to carry potential for future service improvement was the 
topic of clinic consultation. Specifically, parents most frequently voiced the desire for gluten free 
food samples to be provided during clinic. In contrast, the need to discuss and review current 
dietary issues was much less pertinent to parents in the study, whilst the dietician’s impression of 
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nutritional adequacy and gluten exclusion implied this was an important issue. Providing a large 
variety of gluten free food options is essential in aiding the ability of patients to adhere to a gluten 
free diet as well as improving overall quality of life. However the financial burden of Coeliac 
Disease to families and health care economy is considerable [11], and in our experience children’s 
taste preferences for products are hard to predict. The provision of samples of new and different 
products for children to try before requesting on prescription could potentially improve compliance 
and reduce wastage. Hence, it may be beneficial for the future development of the service to 
explore the options of working together with industry in providing a greater exposure to new 
products on the market. 

What defines excellence in care provision is still open to discussion, and the relative importance 
in each QOM in reflecting care quality remains subjective. The conclusions of this study are also 
limited by the study size; future investigation into care quality would benefit from studying patient 
care over a longer period of time, allowing for more detailed analysis of the cohort and estimation 
of cost saving. Additionally, guidelines are subject to change and therefore QOM would need to be 
regularly assessed and redesigned to reflect such changes. 

5. Conclusions 

In summary, using predefined QOM we were able to demonstrate that an equally high standard 
of care for children with coeliac disease can be delivered both via a nurse and dietician led, and a 
doctor and dietician led service. The QOM and parent satisfaction results also offer further insight 
into ways of further developing the service to meet the demands of an increasing patient 
population. We have now extended our study to several secondary care sites within the EEPGN, 
with preliminary data suggesting comparably high outcomes at these sites. 
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Appendix 

Appendix 1. Summary table of each quality outcome measure and percentage of cases in 
which each measure was met at AH, NNUH, and the target set for both sites. 

  
Percentage cases in which standards met 

  
  AH NNUH Target 
1 Diagnosis and initial management    
i Biopsy within 4 weeks of referral 90 78 90 
ii Carer informed within 5 days 100 100 90 
iii Dietetic review within 2 weeks 91 100 90 
iv Information pack sent within 2 weeks 91 100 90 
v Coeliac UK 91 100 90 
vi Team details provided 91 100 90 
2 Annual review    
i Annual appointments offered 100 100 90 
ii Annual attendance 94 100 90 
iii Non-attenders seen within 6 months 100 100 90 
iv Proforma completed 100 100 90 
v Understanding of GFD assessed 98 100 90 
vi GF prescriptions reviewed 100 100 90 
vii Growth assessed 100 100 90 
viii Bloods taken annually 100 100 90 
ix tTG less than twice upper limit of normal within 2 years 89 100 90 
x Coeliac UK membership 100 100 90 
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Appendix 1. Cont. 

  
Percentage cases in which standards met 

  
  AH NNUH Target 
xi Iron and calcium intake 100 100 90 
3 Transfer of care    
i Transition discussed 100 100 90 
ii Smooth transition process 100 100 90 
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Abstract: A gluten-free diet (GFD) is the treatment for celiac disease (CD), but due to its 
complexity, dietitian referral is uniformly recommended. We surveyed patients with CD 
to determine if dietitian use is associated with quality of life, symptom severity, or GFD 
adherence. The survey utilized three validated CD-specific instruments: the CD quality 
of life (CD-QOL), CD symptom index (CSI) and CD adherence test (CDAT). Four 
hundred and thirteen patients with biopsy-proven CD were eligible for inclusion. The 
majority (77%) were female and mean BMI was 24.1. Over three-quarters of patients 
(326, 79%) had seen a dietitian, however, 161 (39%) had seen a dietitian only once. Age, 
sex, and education level were not associated with dietitian use; nor was BMI (24.6 vs. 
24.0, p = 0.45). On multivariate analysis, adjusting for age gender, education, duration of 
disease, and body mass index, dietitian use was not associated with CD-QOL, CSI, or 
CDAT scores. Our survey did not show an association between dietitian use and 
symptom severity, adherence, or quality of life. Delay in diagnosis was associated with 
poorer outcomes. This is a preliminary study with several limitations, and further 
prospective analysis is needed to evaluate the benefits and cost-effectiveness of 
dietitian-referral in the care of celiac disease patients. 

Keywords: celiac disease; dietary services; quality of life; quality improvement 
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1. Introduction 

Celiac disease (CD) is a common multi-system autoimmune disease, affecting approximately 1% 
of people worldwide [1]. Predisposed individuals develop an immune response to gluten, a protein 
found in the cereal grains: wheat, barley and rye. Autoimmune intestinal damage is the cardinal 
feature of CD, and typically involves villous atrophy, crypt hyperplasia, and increased intraepithelial 
lymphocytes [2]. Symptoms may be subclinical, varying from gastrointestinal upset to severe 
malabsorption [3,4]. Skin, nervous system, and multisystem involvement is also recognized. Strict 
avoidance of gluten-containing foods can reverse both enteric and extra-intestinal manifestations of 
the disease.  

CD is unique in that its treatment consists of a dietary intervention: lifelong exclusion of gluten.  
A gluten-free diet (GFD) is highly effective at improving symptoms of CD in the majority of  
patients [5]. Nevertheless, a significant proportion remains symptomatic, and lack of strict adherence 
to GFD is the primary cause [6]. Those patients with celiac disease who follow a GFD frequently 
have persistent villous atrophy which may result from persistent gluten contamination and, in rare 
cases, can predispose patients to serious sequelae including T-cell lymphoma [7].  

Although straightforward in principle, strict avoidance of gluten is challenging in practice.  
Gluten-containing products are ubiquitous and contamination may occur both consciously and 
unintentionally [8]. Poor labeling can make it difficult to determine which foods are gluten free, and 
options may be limited when eating out and traveling [9]. Moreover, a GFD is significantly more 
expensive, and may be deficient in certain nutrients, when compared to a regular diet [10,11]. Given 
the complexity of maintaining a strict GFD, multiple guidelines recommend dietetic referral for 
patients diagnosed with CD [12–15]. Dietitian involvement was recommended in the National 
Institutes of Health (NIH) Consensus Development Conference on celiac disease (2004) [16]. There 
is evidence that when asked to choose among several referral options, patients themselves express a 
preference for dietetic follow-up [17]. Nevertheless, availability of expert dietetic counselors is 
limited and may impact upon patient outcomes [18]. Membership in celiac advocacy groups, and 
regular dietetic follow-up has previously been reported to be correlate with higher rates of GFD 
adherence [19,20]. However there have been no studies that have directly examined the impact of 
dietitian use on celiac disease outcomes in the United States. As such, we sought to determine if 
dietitian use was associated with quality of life, symptom severity, or GFD adherence in patients 
with celiac disease. 

2. Methods 

Approval was obtained from the Institutional Review Board of Columbia University Medical 
Center prior to initiation of the study. 

Adults (¡������	�
����`�^��#���������	�	��^���������������
���������������	���������#������
email or in-person. A link to an online questionnaire, hosted by SurveyMonkey, was distributed by 
the Celiac Disease Center of Columbia University to an email list of patients affiliated with the 
Center. In addition, the questionnaire was administered to attendees at celiac support group 
conferences in Iowa, California, and New York, and patients additionally completed the 
questionnaire on-paper during an office visit. Data was collected between November 2010 and July 
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2011. Prior to distribution, the questionnaire was administered to a group of ten patients and 
subsequently modified for clarity. 

The survey consisted of questions on demographics, celiac disease onset, symptoms, and dietitian 
use. It also included three validated celiac disease-specific instruments to assess quality of life, 
disease activity, and GFD adherence respectively [21–23]. Patients were asked how many times they 
had seen a dietitian: never, once, or more than once. Patients were excluded from the analysis if they 
did not have biopsy-proven celiac disease, or omitted the items on gender, age, or dietitian use. 

The celiac disease-specific quality of life instrument (CD-QOL) was used to assess quality  
of life [21]. This validated instrument consists of 20 questions across four clinically relevant 
subscales (celiac disease-related limitations, dysphoria, health concerns, and inadequate treatment), 
and asks the respondent to indicate the frequency of celiac disease-related symptoms over the 
previous 30 days. The questions are graded on a 5-point Likert scale labeled 1 through 5, where  
1 = not at all, 2 = slightly, 3 = moderately, 4 = quite a bit, and 5 = a great deal. The responses were 
reverse-coded and summed, with a higher score (up to a maximum of 100) suggestive of higher 
quality of life. No clear cut-off point has been established to dichotomize CD-QOL scores; hence 
membership in the lowest quartile of CD-QOL was taken to indicate poorer quality of life. 

The Celiac Symptom Index (CSI) was employed to assess celiac disease-specific symptom  
severity [23]. The CSI consists of 16 questions on a 5-point Likert scale; with scores ¢��� ���  
¡���	����	�����
��������������		�
�����
��
������������	�	����	������������
���#������
	��
��
���
analysis; a single cutoff of ¡����	����	�����
��
��
������	�	�`�^s used to dichotomize patients. 

The Celiac Disease Dietary Adherence Test (CDAT) was used to assess adherence to a GFD [22]. 
This validated 7-question instrument employs a 5-point Likert scale, with additive scores ranging 
from 7 to 35, where higher scores indicate worse adherence. For the purposes of dichotomization, 
scores ¡���^����������
��������������
���

���#������� 

Univariate analysis was used to identify associations between demographics, dietitian use,  
and CD-QOL, CSI, and CDAT. The Chi-square and Fisher exact tests were used to compare 
proportions of categorical variables. The Mann-Whitney U test was used to compare continuous 
variables. Logistic regression was performed to develop a multivariate model identifying variables 
predictive of three outcomes as determined by these validated scores: poor quality of life, high 
symptom activity, and poor adherence. Two-sided p-values <0.05 were considered significant. All 
statistical calculations were performed with SAS 9.2 (Cary, NC, USA). 

3. Results 

3.1. Patient Characteristics 

Of 600 respondents, 413 with biopsy-proven celiac disease were eligible for inclusion (Table 1). 
Roughly equal numbers of patients completed the survey online (47%) versus on paper (49%).  
The majority (77%) of subjects were female, with almost one-quarter over the age of 60 (24%). The 
cohort was highly educated, with 88% having attained a college degree, and 40% having a graduate 
or higher degree. 
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Table 1. Patient characteristics. 

 n (%) 
Total number 413 
Age 

18–30 
31–40 
41–50 
51–60 
61–70 
>70 

 
80 (19) 
67 (16) 
75 (18) 
93 (23) 
67 (16) 
31 (8) 

Gender 
Male 
Female 

 
94 (23) 
319 (77) 

Educational level 
High school or less 
College 
Graduate school 

 
43 (10) 

197 (48) 
167 (40) 

Presentation 
Classical 
Atypical 
None 

 
166 (40) 
204 (49) 

32 (8) 
Years since diagnosis  

<1 55 (13) 
1–4 149 (36) 
5–10 115 (28) 
>10 93 (23) 

Delay to diagnosis in years  
<1 51 (12) 
1–4 149 (36) 
5–10 115 (28) 
>10 93 (23) 

Mean Body Mass Index 24.1 
Symptoms improved on GFD 

Yes 
Somewhat 
No 

 
288 (70) 
73 (18) 
28 (7) 

Filled in survey 
Online 
Paper 

 
195 (47) 
204 (49) 

3.2. Disease Characteristics 

Regarding CD presentation, almost half of patients (49%) reported atypical symptoms of fatigue, 
anemia or osteoporosis; 40% reported classical diarrhea-predominant symptoms, and 8% reported no 
symptoms. Most patients’ symptoms were either improved (70%) or somewhat improved (13%) 
with GFD. Mean body mass index (BMI) was in the normal-weight range (24.1). The median time 
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since diagnosis was 5–10 years, and the median delay from onset of symptoms to diagnosis was also  
5–10 years. 

3.3. Dietitian Use 

Of the 413 patients in the analysis, 326 (79%) reported having seen a dietitian, but 161 (39%) had 
only seen a dietitian once. One hundred and sixty-four patients (40%) agreed with the statement “it is 
hard to find a dietitian knowledgeable about GFD”. One hundred and ninety-one patients (46%) 
reported gaining weight since starting a GFD. Demographic factors, including age, sex, and 
education level, were not associated with dietitian use (Table 2). There was no significant difference 
in BMI between patients who had and had not seen a dietitian (24.0 vs. 25.6, p = 0.45). Patients who 
had not seen a dietitian were more likely to agree with the statement “health insurance limits my 
ability to see a dietitian” (55% vs. 43%; p = 0.04). 

Table 2. Patient characteristics by dietitian use. 

 Not seen n (%) Seen n (%) p 
Total number 87 (100) 326 (100)  
Age ¡�� 20 (23)  78 (24) 0.96 
Female gender 72 (83) 247 (76) 0.21 
College educated 75 (86) 289 (89) 0.53 
Symptoms improved on GFD 63 (72) 225 (69)  0.54 
Mean BMI 25.6 24.0 0.45 

3.4. Quality of Life, Disease Activity, and Dietary Adherence 

Dietitian use was not associated with CD-QOL, CDAT, or CSI on univariate analysis (Table 3). 
Multivariate analysis (Table 4) identified two covariates associated with low CD-QOL, indicative of 
poor quality of life: a long delay (>10 years vs. <1 year) from symptom onset to CD diagnosis  
(OR 3.92, 95% CI 1.45–0.63), and underweight vs. normal weight (OR 3.46, 1.12–10.68). Older age 
(>60) and time since diagnosis (>10 years vs. <1 year) were protective for disease activity as 
measured by CSI (OR 0.35, 95% CI 0.17–0.71 and OR 0.34, 95% CI 0.13–0.87 respectively). 
Dietitian use was not associated with CD-QOL, CSI, or CDAT scores on multivariate analysis  
(see Table 4). 

Table 3. Mean validated scores and use of a dietitian. 

 Not seen Seen p 
CD-QOL 75.4 72.6 0.08 
CSI 33.5 33.3 0.62 
CDAT 12.9 12.1 0.11 
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Table 4. Multivariate analysis of factors associated with low celiac disease quality of life 
(CD-QOL), high CD symptom index (CSI), and high CD adherence test (CDAT). 

Covariate 
Low CD-QOL High CSI High CDAT 

OR 95% CI OR 95% CI OR 95% CI 
Seen a dietitian 1.49 0.68–3.24 0.86 0.45–1.63 0.85 0.47–1.55 
Older age (>60) 0.60 0.26–1.37 0.35 0.17–0.71 0.53 0.28–1.01 
Male gender 1.29 0.61–2.72 1.24 0.58–2.64 0.92 0.48–1.77 
College educated 3.65 0.97–13.7 1.33 0.53–3.38 0.74 0.32–1.71 
Time since diagnosis 1 0.38 0.13–1.10 0.34 0.13–0.87 0.48 0.20–1.13 
Delayed diagnosis 1  3.92 1.45–10.63 2.08 0.98–4.41 1.05 0.53–2.07 
Underweight vs. normal 3.46 1.12–10.68 2.52 0.79–8.04 1.90 0.66–5.51 
Overweight vs. normal 1.31 0.62–2.75 0.60 0.31–1.16 0.66 0.36–1.21 
Obese vs. normal 0.86 0.33–2.23 0.75 0.32–1.76 0.65 0.29–1.46 

1 >10 years vs. <1 year. 

4. Discussion 

To our knowledge, this is the first study to examine dietitian use and outcomes as measured by 
validated CD-specific instruments. We were surprised at the lack of association between dietitian 
use, dietary adherence and quality of life. The study has several limitations, including selection bias,  
self-reported outcomes, and poor generalizability, however prior literature addressing these issues is 
similarly limited. While our findings are preliminary, they should provide impetus to further study 
the role of dietary counseling in CD management. 

Several studies have examined dietitian use in CD, with frequently divergent results.  
Ukkola et al. [24] surveyed 698 newly diagnosed CD patients on their perceptions of living with CD, 
and found no correlation between dietitian follow-up and patients’ knowledge of GFD or experience 
of their disease. A similar proportion of patients in this cohort (76%) had received dietitian 
counseling as in our sample (79%). The authors note that despite a lack of correlation, patients often 
requested more detailed dietary counseling when asked to indicate in their own words their 
wishes/needs, suggesting insufficient dietitian contact. 

One outcome measure that has been demonstrated to be associated with dietitian use is improved 
GFD adherence, but this was not seen in our cohort. Wylie et al. [25] concluded in a prospective 
cohort of 99 patients that annual review within the context of a dietitian-led celiac clinic can 
significantly improve adherence as well as other nutritional markers. In a systemic review of 38 
studies examining factors associated with adherence to GFD, Hall et al. [19] also concluded that 
regular dietetic follow-up and annual review in a dietitian-led clinic can improve adherence. 
Membership of a patient support group has been associated with adherence, and studies with cohorts 
recruited from patient support groups trend towards higher adherence rates (66%–90% strict 
adherence) than clinical samples (42%–91%) [26]. There are several possible reasons why these 
results might diverge from that of our study. First, dietitian use was common in our study 
(approaching 80%), leading to a small sample size for patients who had not seen a dietitian, and 
hence decreased ability to detect a difference. Our cohort was very highly educated, with almost 90% 
of patients having a college degree or higher qualification, as compared to a US-wide average of  
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28% [27]. It may be that university-educated patients may have less to gain from dietitian referral: 
they are more health-literate at baseline, and are better equipped to seek out and utilize information 
from other sources in addition to their health professional. As such, the high prevalence of highly 
educated patients in our cohort may have reduced the effect size of dietitian exposure. Hall et al. [19] 
included studies that assessed GFD adherence via a trained nutritionist assessment, which may be 
more sensitive for differences than use of the self-reported CDAT questionnaire. Last, cultural 
factors can influence response to dietary interventions. In a cross-sectional survey from 2004, 
Butterworth et al. [20] noted that South Asian patients with CD were much less likely than 
Caucasians to be members of a support group (53% vs. 80%, p = 0.02), were more frequently 
dissatisfied with dietetic advice (30% vs. 6%, p = 0.01), and exhibited a trend towards poorer dietetic 
follow-up (31% vs. 60%, p = NS). Dietetic follow-up correlated with GFD compliance for 
Caucasians but not for South Asians in that study. It is unclear to what extent these cultural issues 
apply to our cohort. 

Although dietitian use was common in this study, almost half of these patients had only seen  
a dietitian once, possibly at diagnosis, falling short of CD treatment guidelines. Guidelines  
published by several authorities generally recommend annual dietitian review. The American 
Gastroenterological Association position statement on diagnosis and management of CD advises 
consultation with an experienced dietitian at initiation of a treatment plan and ongoing evaluation at 
regular intervals by a health care team including a dietitian [12]. Several other organizations also 
publish guidelines recommending ongoing dietitian involvement, including the NIH, the United 
States Department of Health and Human Services Agency for Healthcare Research and Quality, the 
National Institute for Health and Clinical Excellence in the United Kingdom, and the World 
Gastroenterology Association [14,16,28,29]. Given a median time since diagnosis of 5–10 years in 
this cohort, dietitian involvement fell well short of recommendations in a significant proportion of 
patients and insufficient dietitian follow-up may have contributed to the lack of effect on outcomes. 

A long delay of >10 years from symptom onset to diagnosis of CD was associated with poor 
quality of life in this cohort. Prior studies have addressed the influence of delayed diagnosis on CD 
outcomes. In a survey of over 1000 patients with CD from Sweden, the mean delay to diagnosis from 
first symptoms was 9.7 years, and 5.8 years from the first doctor visit [30]. A long delay was 
associated with lower quality-adjusted life year scores prior to treatment; however delay in diagnosis 
had no effect on scores following initiation of GFD. The study concluded that untreated CD resulted 
in poor quality of life, which returned to baseline with treatment. Our findings of persistent quality of 
life impairment even following initiation of GFD are novel and warrant further study. 

The limitations of this study include recruitment from a tertiary referral center (the Celiac Disease 
Center of Columbia University) and support groups, leading to a cohort that is likely to have greater 
health literacy than average. The sample size for patients who had not seen a dietitian was low, 
limiting our power to detect a difference in CD outcomes. The actual response rate of the survey is 
unable to be determined as the survey link may have been electronically forwarded by subjects  
to other members of support groups or known contacts with celiac disease. In addition we did not 
have information on the quality, nor expertise and practice setting of the dietitians used by  
the respondents. 
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5. Conclusions 

In this survey of patients with celiac disease, more than 20% of respondents had never seen  
a dietitian, and 39% only saw a dietitian once. Dietitian follow-up fell short of published guidelines, 
which may relate to insurance access issues. Dietitian exposure was not associated with symptom 
severity, adherence, or quality of life, while delay in diagnosis was associated with poorer quality of 
life. Further prospective analysis is needed to evaluate the benefits and cost-effectiveness of dietitian 
referral in the care of patients with celiac disease. 
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Abstract: A strict gluten-free diet (GFD) is the only currently available therapeutic 
treatment for patients with celiac disease, an autoimmune disorder of the small intestine 
associated with a permanent intolerance to gluten proteins. The complete elimination of 
gluten proteins contained in cereals from the diet is the key to celiac disease 
management. However, this generates numerous social and economic repercussions due 
to the ubiquity of gluten in foods. The research presented in this review focuses on the 
current status of alternative cereals and pseudocereals and their derivatives obtained by 
natural selection, breeding programs and transgenic or enzymatic technology, potential 
tolerated by celiac people. Finally, we describe several strategies for detoxification of 
dietary gluten. These included enzymatic cleavage of gliadin fragment by Prolyl 
endopeptidases (PEPs) from different organisms, degradation of toxic peptides by 
germinating cereal enzymes and transamidation of cereal flours. This information can 
be used to search for and develop cereals with the baking and nutritional qualities of 
toxic cereals, but which do not exacerbate this condition. 
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1. Introduction 

Celiac disease is a food intolerant related syndrome that, despite being under-diagnosed, is one of 
the most frequent chronic gastrointestinal disorders. It develops in genetically predisposed 
individuals in whom unidentified environmental factors (infections, changes in microbial flora, etc.) 
can trigger intolerance to gluten contained in wheat, barley, rye and oats [1,2]. Gluten is a complex 
mixture of proteins called prolamins. This protein fraction has specific name: wheat prolamins are 
termed gliadins and glutenins, barley prolamins are hordeins, rye prolamins are secalin and those 
from oats are avenins. A common characteristic of these proteins is the presence of multiple proline 
and glutamine residues, making them resistant to gastrointestinal digestion and more exposed to 
deamination by tissue transglutaminase.

Several epitopes responsible for the toxicity of gluten have been identified based on their ability to 
stimulate proliferation of gluten-responsive T cells in celiac patient-derived small intestine biopsies. 
Considering only wheat, in the Immune Epitope Database (IEDB) [3] can be found 190 T-cell 
stimulatory epitopes related to celiac disease��£���#�	���¤������
��	�����
���������-gliadin genes, 74 
���$-gliadin ����	���������-gliadin genes, 8 in low molecular weight (LMW) glutenin genes, and 2 in 
high molecular weight (HMW) genes. 

The most accepted model for explaining the immunopathogenesis of celiac disease is the 
two-signal model, characterized by a first innate immune response and a subsequent secondary 
adaptive response, which will promote a histological lesion characterized by a massive 
intraepithelial infiltration of lymphocytes, crypt hyperplasia and villous atrophy [2]. The ingestion 
of these proteins leads to the inflammation, atrophy, and hyperplasia of the small-intestinal crypts of 
the celiac patient. However, this disease not only affects the gut, but it is a systemic disease that 
may cause injury to the skin, liver, joints, brain, heart, and other organs. 

Celiac disease goes in remission when the patients are put on a gluten-exclusion diet, and patients 
relapse when gluten is reintroduced into the diet [1,2]. Complying with a GFD is difficult and 
affects the patients’ quality of life, but a strict diet is critical to reduce morbidity and mortality [4]. 

Gluten has many special characteristics that favor its use in various food products. Because a 
large amount of gluten is generated during the manufacture of starch, it has a relatively low price. 
This may turn out to be problematic for people on a GFD, since gluten proteins may be found in 
unexpected sources such as meat, fish or milk products. This is the reason why alternative 
approaches to the GFD are actively sought [5], which include the search for and development of 
new cereals or gluten with no or low immunogenic content. In this article, we will review the 
current status of alternative cereals and their derivatives obtained by natural selection, breeding 
programs and transgenic or enzimatic technology, which may be potential tolerated by patients 
with celiac disease. 

2. Natural Varieties of Cereal and Pseudocereals Suitable for Patients with Celiac Disease 

2.1. Wheat and Barley 

Cultivated wheat is genetically very complex due to its origin from ancestral diploid species  
through a process of natural hybridization and subsequent polyploidization. The two wheat species 
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of agricultural importance, the pasta wheat, and the bread wheat, are tetraploid (two genomes, 
AABB) and hexaploid (three genomes, AABBDD), respectively (Figure 1). The tetraploids 
originated in nature through spontaneous hybridization of two diploid species, each donor genomes 
A and B, between 0.5 and 2 million years ago. Bread wheat (AABBDD) originated in the fields, 
about 8000 years ago, through spontaneous hybridization between durum wheat (AABB) and 
Aegilops tauschii, the diploid donor of the D genome (Figure 1). 

One species of wheat, Triticum aestivum, is predominantly used in the modern industrialized 
world, due to its increased protein production as well as its hardiness in colder climates. It has also 
been determined that the proteins that are the most immunogenic for celiac disease reside in the 
gliadin fraction of T. aestivum. However, there are almost 20 other species of wheat that are either 
not being cultivated by modern societies or are cultivated in select regions of the world [6]. With 
such a large number of wheat species available, a significant amount of research has been focused 
on the exploration of different species and cultivars of wheat as an alternative to a strict GFD for 
celiac patients [7]. 

Figure 1. Diagram showing the evolutionary relationships among species of wheat and 
related species of Aegilops. The dotted line separates the wild and domesticated species 
of wheat. Ancestral or unknown species are surrounded by a double dashed rectangle. 
Ploidy level and the number of chromosomes are indicated. Nomenclature according to 
van Slageren [8]. 

 

Attempts have been made to quantify the toxicity of a range of bread wheat and pasta wheat 
varieties and of species that contain only one of the three genomes of bread wheat [9,10]. Using 
specific T-cell clones and monoclonal antibodies, the results demonstrated that large quantitative 
differences exist in the presence of toxic gluten peptides, with some cultivars completely lacking 
particular harmful peptides [11]. Diploid wheat species are among the suitable candidates for their 
low capability to activate intestinal T cell responses in celiac patients [11,12]. Compared with 
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tetraploid and hexaploid wheat, commonly used in the making of bread and pasta, the ancient 
diploid Triticum monococcum ssp. monococcum wheat showed a marked reduction, or even a lack, 
of toxicity in vitro cellular assays [13,14]. Gianfrani et al. [15] compared the immunological 
properties of 2 lines of diploid monococcum wheat, Monlis and ID331, with those of T. aestivum. 
They found that both lines activate celiac T cell response. However, ID331 was less effective to 
activate the innate immune pathways. The reduced ability of some diploid wheat lines to in vitro 
activate the innate immune response in celiac mucosa could render these cultivars less active in 
inducing celiac disease. However, more analyses are required to explore their potential use as new 
dietary opportunities for celiac patients. 

Some approaches were performed to remove celiac toxic proteins in barley. Double-null hybrid 
plants, largely devoid of both B- and C-hordeins, were produced by conventional crossing [16]. 
Barley is a diploid and unlike the situation in bread wheat, the genetics of hordeins are relatively 
straightforward. There are four protein families of hordeins: B-, C-, D- ���$-hordeins, with the B- 
and C-hordeins together accounting for over 90% of barley hordeins. Isolation of hordein 
double-null barley lines from hybrids of Risø 56 and Risø 1508 has produced a line which does not 
accumulate B- or C-hordein and only has 3% of wild type hordein along with a 20-fold reduction in 
reactivity in T-cell assays [16,17]. In addition, studies carried out demonstrated that some malting 
lines (Hordeum vulgare) were less immunogenic compared with wild lines (Hordeum chilense) [18]. 
These findings could raise the prospect of breeding barley species with low levels of harmful gluten, 
and the attractive goal of developing non-toxic barley cultivars with a potential use in the 
manufacture of beverages as consumed worldwide as are the beers. However, nothing is known 
about the variability in celiac toxicity of other species or varieties of toxic cereals such as rye. 

2.2. Oats 

Cultivated oats are hexaploid cereals belonging to the genus Avena L., which is found 
worldwide in almost all agricultural environments [19]. Recently, oats have been receiving 
increasing interest as human food, mainly because the cereal could be suitable for consumptions by 
celiac patients. Several varieties of oats are available. It is a rich source of protein, contains a 
number of important ������	�� �����	�� �-glucan, a mixed-linkage polysaccharide, which forms an 
important part of oat dietary fiber, and also contains various other phytoconstituents like 
avenanthramides, an indole alkaloid-gramine, flavonoids, flavonolignans, triterpenoid saponins, 
sterols, and tocols. Traditionally oats have been in use since long and are considered as stimulant, 
antispasmodic, antitumor, diuretic, and neurotonic. Oat possesses different pharmacological 
activities like antioxidant, anti-inflammatory, antidiabetic, anticholesterolaemic, etc. [20]. 

The presence of oats in a GFD is still a subject of controversial. Oats differ from other cereals in 
their prolamin content. The percentage of proline and glutamine (amino acids abundant in toxic 
regions) in avenin is lower than in other toxic cereals. Some clinical researchers state that patients 
with celiac disease tolerate oats without signs of intestinal inflammation [21]. According to the 
Codex Alimentarius for food for special dietary use for persons intolerant to gluten, CODEX 
STAN118-1979 (revised 2008, [22]), oats can be tolerated by most but not all people who are 
intolerant to gluten. Moreover, according to the Commission Regulation (EC) No 41/2009 [23] 
concerning the composition and labeling of foodstuffs suitable for people intolerant to gluten, a 
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major concern is the contamination of oats with wheat, rye or barley that can occur during grain 
harvesting, transport, storage and processing. Therefore, the risk of gluten contamination in 
products containing oats should be taken into consideration with regard to labeling of those 
products. In contrast, other studies confirmed the toxicity of oats in certain types of patients with 
celiac disease. Arentz-Hansen et al. [24] described the intestinal deterioration suffered by some 
patients with celiac disease following the consumption of oats while on a GFD. Avenin can trigger 
an immunological response in these patients similar to the response produced by the gluten of 
wheat, rye or barley. The monitoring of 19 adult patients with celiac disease who consumed 50 
g/day of oats over 12 weeks showed that one of the subjects was sensitive to oats. Therefore, it is 
critical to clarify either qualitatively or quantitatively the potential immunotoxicity of oats to patients 
with celiac disease [21,24]. 

Comparison of the different studies are complicated by the different study designs, the different 
conditions used in the testing, the number of subjects included in each study and the reporting of 
the purity control of the oat material used in the clinical trials. Another relevant factor in different 
designs is the absence of information on the oat variety used. Silano et al. [25] investigated the 
immunogenic effect of avenins from four oat cultivars using peripheral lymphocytes from patients 
with CD. All the varieties of oats tested (Lampton, Astra, Ava, and Nave) by these investigators 
were immunogenic with differences in their capacity to induce a response. However, other study 
confirmed that Avena genziana and Avena potenza do not display in vitro activities related to CD 
pathogenesis [26]. 

The utility of the G12 antibody to identify potentially toxic oat varieties for celiac patients has been 
reported [27]. This finding allowed classification of oat varieties into three groups based in their 
degree of affinity for the G12 antibody: a highly recognized group, one of moderate recognition, 
and one with no reactivity [27]. These results were confirmed by MALDI-TOF, SDS-PAGE and 
western blot by showing that the number, relative intensity of the peaks and protein profile 
obtained for the nine oat varieties differ from one another. The potentially immunotoxicity of the 
different types of oats was determined by T cell proliferation and interf��
�� $� ����	��� The 
reactivity that T-cells isolated from celiac patients exhibited with three oat varieties (one from each 
of the classified groups) correlated directly with the moAb G12 reactivity. The diversity observed 
in the reactivity to the different oat cultivars suggests variations in the avenin composition, and 
therefore in the amount of immunotoxic epitopes similar to the 33-mer present in these varieties. 
This gives a rational explanation for why only some oats trigger an immunological response. 

In comparison with wheat gliadins, the avenins have been little studied, and the number of full 
avenin genes present at the moment in the databases is limited and from few genotypes, so that the 
variability of avenin genes in oats is not well represented. It has recent been known that, like 
wheat, oat grains have both monomeric and polymeric avenins [28]. A direct correlation between 
the immunogenicity of the different varieties of oats and the presence of the specific peptides with 
a higher/lower potential immunotoxicity has been found, that could explain why certain varieties of 
oats are toxic for celiac patients and other not [28]. The incorporation of some varieties of oats in 
food products not only may improve the nutritional quality but also may provide a treatment for 
various illnesses and would be welcomed by patients with celiac disease. 
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2.3. Other Cereals and Pseudocereals 

It is well-known that the high nutritional value of gluten containing cereals and the viscoelastic 
network generated by the gluten that enables an excellent aerated structure in food products. In 
contrast, cereal based gluten-free products can be rich in carbohydrates and fats, and they have 
deficiencies in macronutrients and micronutrients. In consequence, long time adherence to GFD 
could induce nutrients deficiencies. Different proteins have been proposed as alternative for both 
playing the polymer role and increasing the nutritional value of gluten-free products. The 
incorporation of other ingredients/nutrients like 3-omega lipids, specific proteins, etc. is an 
alternative to improve the nutritional composition of gluten-free products. 

Figure 2. Taxonomic relation of known non-toxic cereals, minor cereals and 
pseudocereals in the context of celiac disease. 

 

It is noteworthy that many grains (members of the grass family) that are closely related to wheat, 
rye and barley are considered toxic based on taxonomy. Furthermore, some studies focused on the 
protein homology in grains have supported molecular evidences [28,29]. However, member 
belonging to other tribes that appear to be related to corn, are considered safe (Figure 2) and can 
serve as substitutes and provide flours for cooking and baking for celiac and gluten-sensitive 
individuals. There are protein studies in support of this conclusion, although the studies are not 
sufficiently complete to provide more than guidance. 
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Non-gluten-containing sources frequently used in product formulation include cereals (rice, corn 
and sorghum), minor cereals (fonio, teff, millet, and job’s tears) and pseudocereals (buckwheat, 
quinoa and amaranth). As the environmental conditions for growing these grains are variable, 
availability of regular supplies is not always assured. 

2.3.1. Rice, Maize and Sorghum 

Rice is the seed of the monocot plant of the genus Oryza and of the grass family Poaceae (formally 
Graminae), which includes twenty wild species and two cultivated ones, Oryza sativa (Asian rice) 
and Oryza glaberrima (African rice). Rice is one of the most important foods in the human diet and 
extended cereal crop. Rice is mainly consumed as white grain, but in the last decade, dozens of 
products containing rice as an ingredient have appeared on the food market [30]. There has been a 
notable increase in the use of rice flour in the formulation of gluten-free products for their 
hypoallergenic qualities or hypoallergenicity in spite of it is necessary to use a hydrocolloid, 
emulsifier, enzyme or protein to confer viscoelastic properties [30,31]. 

Maize (Zea mays subsp. mays L), also known as corn, is considered as a safe cereal for celiac 
patients. It is used as alternative to elaborate gluten-free foodstuffs. Some celiac patients considered 
refractory to the treatment with a GFD improved when a corn-free diet was prescribed [32]. 
However, some studies have showed the certain maize prolamins (zeins) contain amino acid 
sequences that resemble the wheat gluten immunodominant peptides and their integrity after 
gastrointestinal proteolysis is unknown [33]. Darewickz et al. [34] detected amino acid sequences 
with a high degree of identity to the celiac-toxic peptides in maize prolamins (zeins). This could be 
because the zeins, like other storage proteins, have its origin in the alpha-amylase inhibitors [35]. 

Sorghum (genus of numerous species of grasses) is a drought-and heat-tolerant cereal grain that 
grows in semiarid conditions. Whereas sorghum traditionally has been used primarily as animal feed 
in western countries, nearly 40% of the world sorghum production is used for human food in Africa 
and India. Immunological studies and in vitro and in vivo challenges of sorghum food products have 
supported that sorghum might provide a good basis for gluten-free foods [36]. In a recent study,  
Pontieri et al. [37] by using in silico approaches and biochemical/immunochemical experiments have 
demonstrated that sorghum can be definitively considered safe for consumption by people with celiac 
disease for the absence of toxic gliadin-like peptides. 

2.3.2. Minor Cereals 

Minor cereals, so called because they are less common and are only grown in a few small regions 
of the world, included fonio, teff, millet, teosinte and Job’s tears [38]. 

Fonio (Digitaria exilis) is a typically cereal in Sudan or Ethiopia where it is considered to be the 
tastiest of all cereals [38]. Fonio can survive in poor soil conditions such as sandy and acidic soils and 
its composition is similar to that of other millets: limited in lysine, but rich in methionine [39]. 

Teff (Eragrostis tef) is the smallest of all grains in the world and it is classified on the basis of seed 
color, ranging from milky white to almost black. Teff is a cereal traditionally grown in Ethiopia and 
used to make injera or flat bread. 
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Millet refers to a number of different species of the Pennisetum genus, all of which are 
small-grained, annual cereal grasses. The most important type for food consumption is pearl millet 
that is similar in texture to rice flour [38]. 

Job’s tears (Coix lacryma-jobi), also known as Chinese Pearl Barley, is a type of millet wild 
tropical Asian grass related to maize. Job’s tears is naturally gluten-free, but similar to other grains it 
may be contaminated during processing by comingling with gluten grains such as wheat. It is used as 
a source of food and drinks. 

2.3.3. Pseudocereals 

Pseudocereals are non-grasses plants which grains are used in the same way that true cereals. 
Pseudocereals seeds can be ground into flour and then to produce derived products like bread and 
pasta. Recently, the use of pseudocereals producing small grain-like seeds like amaranthus and 
quinoa (Amaranthaceae family), belonging to dicotyledons (Magnoliopsida class), have been 
considered for the preparation of gluten-free food products because the lack toxic seed proteins and 
have high nutritional value [40]. However, the believed lack of toxicity for most of these 
pseudocereals was based on their taxonomical classification rather than a direct evaluation of their 
inmunostimulator activity. 

Several studies affirmed that amaranth and quinoa have high quality protein in terms of digestibility, 
efficiency ratio and nutrition balance, almost equivalent to that of milk protein casein [41,42]. 
Additionally, these pseudocereals are also rich in polyunsaturated fatty acids (high linolenic:linoleic 
acid ratio) and bioactive compounds su�#�	�$- ����-tocopherol, polyphenols and flavonoids. 

The genus Amaranthus L. contains more than 60 species; A. caudatus, A. cruentus and  
A. hypochondriacus are those most used for human nutrition. Amaranth proteins consist mainly of 
albumins and globulins, where prolamins, the toxic proteins for celiac patients, are very scarce. The 
essential amino acids content is high in amaranth seeds and the amino acid composition is better 
balanced than in most cereals. It is a good source of riboflavin, vitamin E, calcium, magnesium and 
irons, among minerals [40]. Studies focused on investigate from the molecular point of view the 
protein patterns from different amaranth cultivars to verify their suitability for the diet of subjects 
suffering from celiac disease, suggested that amaranth may be safely included in a GFD. However, 
controlled clinical studies are necessary to confirm the results and support the inclusion in the 
celiac’s diet [40]. 

Quinoa (Chenopodium quinoa) is an Andean grain that has been consumed for thousands of years 
in South America and was a staple of the Incas. There are hundreds of varieties of quinoa, ranging in 
color from white to red and purple to black [38]. Quinoa has a high biological value (83%) because of 
its high concentration of proteins (<23%), providing all of the essential amino acids [43–45]. Quinoa 
has important applications in the food and pharmaceutical industries. Due to its excellent nutritional 
value and a potential for production in various climates, quinoa has been classified as one of the 
humanity’s most promising crops [46]. Several studies to examine the suitability of quinoa for 
patients with celiac disease have been carried out in last years and concluded that quinoa could be a 
safe addition to a GFD. However, 2 cultivars had celiac-toxic epitopes that could activate the 
adaptive and innate immune responses in some patients with celiac disease [45]. A complete in vivo 
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characterization of quinoa protein reactivity is needed to recommend their consumption by patients 
with celiac disease [45,47,48]. 

Buckwheat (Fagopyrum spp.) is botanically classified as a fruit and it is thought to have 
originated in China. It can be consumed as grains or as flour. The toasted grains are known as Kasha. 
Buckwheat is a highly nutritious pseudocereal known as a dietary source of protein with favorable 
amino acid composition and vitamins [49], starch, and dietary fiber [50], essential minerals 
(Steadman and others 2001), and trace elements [51]. Two species of buckwheat are cultivated for 
food consumption, Fagopyrum esculentum or common buckwheat and Fagopyrum tartaricum or 
tartary buckwheat [52]. Common buckwheat is primarily consumed in Asian countries. However, 
consumption in western countries including the United States is increasing due to it is the substitute 
for wheat flour for gluten-sensitive patients and as a health food because of its nutrient  
content [53,54]. It has been reported cases of buckwheat allergy in Japan, Korea and Europe [55]. 

2.3.4. Other Cereals 

An alternative grain that may potentially be considered for celiac patients is glabrous canary seed 
(Phalaris canarienses L.) that belongs to the Poaceae (Gramineae) family. In a recent study carried 
out by Boye et al. [30] confirmed that glabrous canary seeds were a good alternative gluten-free 
cereal and reported three techniques able to be used to support gluten-free labeling of products  
that contain it. 

3. Modified Harmless Cereal Varieties 

3.1. Gluten Detoxification by Biotechnological Methods 

The use of genetic engineering to down-regulate gene expression by RNA interference (RNAi) 
technology [56] is now routine in many crops, including wheat, and is therefore an attractive 
opportunity for reducing the immunotoxic components of gluten and, hence the incidence of 
gluten-related allergies and intolerance in wheat. Several groups have taken advantage of the 
possibilities that the RNAi technology offers for the silencing of multigene families, and they have 
addressed the down-regulation of more than one group of gliadins and/or glutenins. 

This technology was applied to down-����������#�������		�
��
���-������	���!���$-gliadins [58,59], 
�-gliadins [60], all gliadins [61], and gliadins and LMW-GS [62] in bread wheat. These examples 
show the usefulness of RNAi to silence specific genes corresponding to gluten proteins, which  
are the known sources of immunogenic epitopes. However, only transgenic lines deficient in 
$-gliadins [58] and in all three gliadin fractions [61] have been tested by monoclonal antibodies and 
T-cell assays for these transgenic lines to be used in foodstuff tolerated by many patients with celiac 
disease or other gluten-related pathologies. 

Results reported by Gil-Humanes et al. [58] and Piston et al. [59] used two hpRNA construct to 
	������� �#�� $-gliadins in two genotypes of the bread wheat cv “Bobwhite”. They reported 18 
���	����������	�^��#��������
��
���#��$-gliadin fraction, from 65 to 97% depending of the transgenic 
�������¤����#���������
��
��$-gliadins was also accompanied by an increase in other storage proteins, 
������������� �#���- ����-gliadins, and the HMW-GS and LMW-GS. However, the total gliadin 
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content did not show significant differences in the transgenic lines relative to the wild types. Later, 
two hpRNA constructs designed using a chimeric sequence encompassing highly conserved genes 
�
����-���-�����$-gliadins were reported [61]. They showed that the chimeric fragment was able to 
effectively down-regulate the expression of genes from all three gliadin groups. The gliadin 
composition of the transgenic lines, determined by RP-HPLC, showed a significant reduction of the 
gliadin content in all of the transgenic lines, ranging from 70% to 88%. Overall, the gluten proteins 
were decreased up to 56% while the non-gluten proteins albumins and globulins were increased in 
some transgenic lines [63], as consequence, the total nitrogen content of the grain was not 
significantly affected. 

These lines hold good potential to be used in foodstuff tolerated by many patients with celiac 
disease or other gluten-related pathologies. The competitive ELISA system based on monoclonal 
antibody [64] is a good assay for quantifying the amount of gluten in foods [65]. For transgenic lines 
^��#�$-gliadins silenced [58,61], gliadin content (ppm) did not decrease significantly but increased 
�
��	
�������	�	��
�	��������
���#���
����	�
���������	�^��#�
�#���������	��	������������- and 
�-gliadins. However, when gluten proteins from transgenic lines, deficient in all three groups of 
gliadins, were tested by the monoclonal antibody, there was a significant reduction of the gliadin 
content in all of the transgenic lines, with the average reduction of 92% and a range between 90% and 
98% [61]. Total gluten proteins were extracted for T-cell assays, treated with recombinant human 
TG2, and tested in serial dilution for stimulation of DQ2- and DQ8-restricted T-cell clones of celiac 
������	� ������ �#�� ���	������ ����	� ���������� 
���� ��� $-������	� �������� #��#� �
���	� 
�� �- and 
�-gliadins, and the DQ2-$-VII–specific T-cell clone gave strong response to the total gluten extract 
from those lines [61]. In contrast, a pronounced reduction in proliferative responses was seen in some 
transgenic lines deficient in all three gliadin fractions. There was about a 2-log reduction in the 
expression of the DQ2-�-II epitope in these transgenic lines. The responses of the T-cell clones 
specific for the other epitopes (DQ2-$-VII, DQ8-�-I, and DQ8-$-I) were at or below detection level 
for the highest concentration of gluten protein tested. They concluded that transgenic lines 
�
���������
��������
���-������������
���-�����������
�������
�� $-gliadin compared with  
their wild-type control, were particularly inefficient to stimulate the celiac disease lesion-derived T 
cells [61]. 

One important question is how quality is affected by the silencing of gliadins, or other gluten 
��
����	���#���#�
�
�����������������
������	������������������
��^#�������	�^��#��#���-gliadins 
down-regulated we��� ���
����� ������ �#��� 	#
^��� �#�� �#�� ����������� 
�� �-gliadins did not 
substantially affect the baking performance of wheat flour, although breads made using flour from 
����	�^��#��-gliadins silenced had lower volumes (����`��
�������
��#��
��^���������breads. The 
������� ��
������	� 
�� ��� ���	������ ����	� ^��#� �#�� $-gliadins down-regulated were determined by 
using the mixograph and sodium dodecyl sulfate sedimentation (SDSS) test [59]. They concluded 
�#���#���������
��
��$-gliadins seems not to have a direct effect on the mixing and bread-making 
properties of wheat dough, but the compensatory effect on the synthesis of the other prolamins can 
provide stronger doughs with improved overmixing resistance. Although gliadins are not the main 
component affecting the bread-making quality of wheat, it is unknown the effect that the silencing of 
all three groups of gliadins [61], or gliadins and LMW-GS [62] will have on wheat quality. 
Preliminary results reported [61] based on SDSS test, showed that most of transge��������	�^��#��-, 
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$- ����-gliadins down regulated had SDSS volumes comparable with those of wild types, and five 
lines had SDSS volume values significantly lower than wild types. However, SDSS volumes of these 
five lines were still comparable with those of the medium-quality bread wheat. The addition of 
non-toxic oat flour [67], or other flours from gluten-free cereals or pseudocereals, such as sorghum, 
buckwheat and quinoa [37,68], might compensate the lack of gliadins, enhancing the quality of the 
new wheat varieties. 

3.2. Gluten Detoxification by Enzymatic Methods 

Food proteins are usually degraded into small peptides and amino acids by gastric, pancreatic  
and brushborder enzymes. However, gluten proteins are highly resistant to complete proteolytic 
digestion due to their high proline and glutamine content. Since the pioneering experiments carried 
out by Frazer et al. [69], who determined that celiac-toxic proteins could be partially hydrolyzed by 
gastrointestinal enzymes without loss toxicity, several strategies have been considered for 
detoxification of dietary gluten. Some of these strategies have been based on treatment with special 
peptidases that hydrolyze toxic protein and peptides to nontoxic fragments. 

The beginning for the enzymatic strategies was the findings that the toxicity was abolished by 
complete acidic hydrolysis [70]. However, researches about gluten detoxification were not 
developed until 21st century. The approaches included enzymatic cleavage of gliadin fragment by 
PEP from different organisms, degradation of toxic peptides by germinating cereal enzymes and 
transamidation of cereal flours [5]. 

3.2.1. Prolyl Endopeptidases 

Shan et al. [71] were the first in propose that PEPs could catalyze breakdown of gluten peptides 
and thereby diminish its toxic effects. This hypothesis was based on that the abundance and location 
of proline residues is a crucial factor for the gastrointestinal resistance, and the unique ability of these 
enzymes to hydrolyze the peptide bond on the carboxyl side of a proline residue. Since then, further 
studies have shown that the fermentation of wheat, rye and barley flours with selected peptidases 
cause a significant decrease of gluten toxicity. The PEPs are widely distributed in bacteria, fungi, 
animals and plants, but it is known that lactic acid bacteria (lactobacilli) have a very complex 
peptidase system [72]. Lactobacilli species isolated from sourdoughs have been screened with 
respect to gluten degradation, finding that a pool of peptidases is needed to degra���� �-gliadin 
fragments [73]. Studies based on use lactobacillus as microbial inoculum during fermentation of 
flour mixture has shown a potential ability to hydrolyze wheat prolamins by in vitro and in vivo 
assays [74]. Despite that, the gluten concentration remains high, therefore studies based on more 
complex formulas were developed. Recently, the combination of lactobacilli and fungal peptidases 
has been selected to eliminate the toxicity of wheat flour during long-time fermentation. Thus, food 
processing by selected proteases opens new perspectives toward an efficient approach to eliminate 
gluten toxicity. 
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3.2.2. Germinating Cereals 

The role of the proline- and glutamine-rich storage proteins of cereals is to supply the embryo 
with nitrogen and amino acids during the first period of seedling development. Therefore, it is likely 
that endogenous cereal proteases synthesized during germination would be capable of extensively 
hydrolyzing these proteins [75]. Given evidences about this capacity, the use of proteases from 
germinating wheat seeds was proposed to create safe cereal products for celiac patients [76,77]. The 
analysis of protein content by RP-HPLC during kernels germination of wheat, rye and barley 
demonstrated a remarkable degradation of prolamins. In further experiments, protease extracts from 
these germinated cereals cleave peptides rapidly into non-toxic fragments with less than nine amino 
acids [75]. Comparative studies of proteases efficacy from different cereals by in vitro models have 
revealed that barley enzymes were superior in diminish the toxicity of gliadin and secalin, but there 
were only minor differences between the three enzyme mixtures (oats, wheat and barley) [78]. On 
the other hand, it should be pointed out that germinating cereal proteases have distinct advantages in 
comparison to bacterial and fungal peptidases. These enzymes derive from a naturally safe food 
source being excellent alternatives to recombinant proteases, which might not be accepted by many 
celiac patients. Indeed, the production of germinated cereals, just like the extraction of highly active 
proteases, is simple and well-established technological process [75]. Altogether, these enzymes  
from germinating cereals might be utilized in food processing to develop high quality food safe for 
celiac patients. 

3.2.3. Transamidation 

The enzyme transglutaminase (TG) catalyzes two classes of reactions, transamidation and 
deamidation. �#�����	��
������	�
��	��#���������$-carboxamide group to a secondary one, and in the 
second reaction, the glutaminyl residue is converted to a glutamyl residue [79]. Tissue 
transglutaminase 2 (tTG) has been describe as one of the key factor in the immunopathogenesis of 
celiac disease because of gluten peptides increase their immunogenicity due to the deamidation [80]. 
Considering that only the transamidation might be use for gluten detoxification, several studies have 
been focused to know the ratio between these two reactions [81,82]. It seems that the ratio can vary 
considerably depending on different factors like the presence of primary amines, the peptide 
sequence as well as enzyme concentration. In general terms, it has been found highest rate of 
deamidation in tTG, however, the few studies carry out with TGs from other origins have shown a 
considerably lower deamidation versus transamidation activity in microbial TG (mTG) [83,84]. 
Based on that, Gianfrani et al. [85] treated wheat flour with mTG and lysine methyl ester to abolish 
gluten activity, detecting the decrease of the activity mediated by T-cell. Thus, they suggested  
a food-grade enzyme and an appropriate amine donor to block the T cell-mediated gliadin  
activity [85]. Recently, Mazzarella et al. [86] has shown in a randomized single blinded trial that 
transamidated gluten reduced the number of clinical relapses in challenged patients with no changes 
of baseline values for serological/mucosal celiac markers and an unaltered kidney function. Other 
application has been use the mTG from S. mobaraensis to detoxify cereal-based beverages since the 
beer treatment with mTG will lead to crosslinking of residual gluten peptide. If that aggregate 
exceeds a certain MW, they lose their solubility and can be removed from the beer resulting in 
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beverages with gluten content below 20 mg/kg [87]. Therefore, although mTG is not able to degrade 
gluten, it could be used to immunodetoxify gluten. 

4. Conclusions 

Currently the only treatment for celiac disease is a lifelong GFD. However, adherence to the 
GFD is not easy, due to the ubiquitous nature of gluten, cross-contamination of foods and social 
constraints. While many patients are content with their GFD, others would welcome alternative 
treatments and/or food products that would allow more flexibility. 

Here, we review the status of potential alternative cereals and pseudocereals and their 
derivatives under consideration for celiac disease. Diploid wheat species appear to be among the 
suitable candidates for their low capability to activate intestinal T cell responses in celiac patients. 
Compared with tetraploid and hexaploid wheats commonly used in the making of bread and pasta, 
the ancient diploid Triticum monococcum ssp. monococcum wheat showed a marked reduction of 
toxicity in vitro assays. Moreover, the use of genetic engineering to down-regulate gene expression 
by RNAi technology represents an attractive opportunity for reducing the immunotoxic 
components of wheat. Simultaneous silencing of the full complement of gliadins results effective 
for the reduction of T-cell epitopes in celiac disease. 

Several studies have been demonstrated that oat immunogenicity for patients with celiac disease 
varies according to the cultivars. The incorporation of some varieties of oats in food products not 
only may improve the nutritional quality, but may provide a treatment for various illnesses and 
would be welcomed by patients with celiac disease. 

Non-gluten-containing sources frequently used in product formulation include cereals (rice, corn 
and sorghum), minor cereals (fonio, teff, millet, and job’s tears) and pseudocereals (buckwheat, 
quinoa and amaranth). However, new studies seem to show that certain cereals and pseudocereals 
such as corn and quinoa, traditionally considered safe for celiac patients, could activate the immune 
response in some celiac patients. 

More recently, studies have been showed several strategies for detoxification of dietary gluten 
based on treatment with special peptidases that hydrolyze toxic protein and peptides to nontoxic 
fragments. These included enzymatic cleavage of gliadin fragment by PEPs from different 
organisms, degradation of toxic peptides by germinating cereal enzymes and transamidation of 
cereal flours. Food processing by selected proteases opens new perspectives toward an efficient 
approach to eliminate gluten toxicity, which could allow the development of foods with reduced or 
absent levels of gluten. 
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Abstract: Effect of dairy proteins on gluten-free dough behavior, and nutritional and 
technological properties of gluten-free bread was evaluated. Experimental doughs, 
containing dairy powders, showed low consistency. Obtained gluten-free breads were 
rich in proteins, and, regarding the energy value delivered by proteins, they could be 
considered as a source of proteins or high in proteins. Applied dairy proteins affected 
the technological properties of experimental breads causing a significant (p < 0.05) 
increase of the specific volume, crust darkening, and crumb lightness, depending on the 
dairy supplementation level, rather than the protein type. Dairy proteins incorporated at a 
12% level, significantly (p < 0.05) decreased the hardness; nevertheless, the highest 
amount of proteins tested led to the opposite effect. These results indicate that milk 
proteins tested could be successfully added to gluten-free bread with beneficial effects on 
technological and nutritional properties. 

Keywords: dairy proteins; gluten-free bread; dough consistency; technological 
properties; nutritional value; celiac disease 
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1. Introduction 

Celiac disease (CD) is a chronic immune-mediated intestinal disorder that develops in individuals 
having genetic predispositions with multiple contributing genes. The most important are HLA-DQ2 
and HLA-DQ8, however, non-HLA genes also contribute to the development of CD. Approximately 
1% of the worldwide population is suffering from CD, and, thus, this disorder is classified as one of 
the most common food intolerances [1,2]. CD is related to permanent intolerance to gluten, a storage 
protein found in wheat (gliadin), rye (secalins), barley (hordeins), and, probably, in some oat 
(avenins) cultivars. A great deal is known on the sequential pathophysiological events driving the 
intestinal inflammatory cascade [3–5] The immune response in CD involves the adaptive, as well 
as the innate, and is characterized by the presence of anti-gluten and anti-transglutaminase 2 
antibodies, lymphocytic infiltration in the epithelial membrane and the lamina propria, and 
expression of multiple cytokines and other signaling proteins. The disease leads to inflammation, 
villous atrophy, and crypt hyperplasia in the small intestine. Mentioned factors can contribute to 
malabsorption of several nutrients (iron, folic acid, calcium, and fat-soluble vitamins) [6], general 
malnutrition, and reduced body mass index (BMI) [7]. Currently, strict and life-long adherence to a 
gluten-free diet (GFD) remains the only effective treatment for CD. 

Generally, gluten-free formulas and baked products are poor in proteins [8]. In traditional  
baking industry proteins derived from plants (proteins of soya) and animal origin (milk proteins and 
egg albumins) are frequently used [9,10]. Milk proteins are highly functional ingredients 
characterized by a significant nutritional value. They swell in a high level and are able to build up a 
network [11,12]. Next to the functional benefits, gluten-free products with milk proteins are affluent 
in calcium and proteins, and, thus, enriched in essential amino acids like lysine, methionine and 
tryptophan [13]. Milk proteins can be successfully added to gluten-free products with beneficial 
effects on the technological properties. Caseinates are good emulsifiers and stabilize the batter; 
isolated and concentrated whey proteins can form gels; high temperature skim milk powder exhibits 
high water-binding capacity [10]. Whey proteins increased the specific volume and decreased bread 
crumb hardness over time, while sodium caseinate demonstrated the opposite effect [14]. On the 
contrary, the addition of both - whey proteins concentrate and sodium caseinate to short biscuit 
formulation, raised hardness and intensified surface brownness [15]. To improve the nutritional value 
of gluten-free products by the addition of milk proteins particular attention should be paid to the 
lactose content [16]. Celiac patients are often susceptible to secondary lactose intolerance due to 
alterations of lactase secretion resulted from the villous atrophy [6]. The addition of high protein/low 
lactose dairy powders combined with optimal amount of water resulted in gluten-free breads rich in 
proteins, with dark crust and white crumb, good acceptability scores in sensory tests, an increase in 
loaf volume, and a decrease in crust and crumb hardness [17]. 

There is a justified need to improve the nutritional value of gluten-free products. The present 
study is a continuation of previous trials on the enhancement of the quality and nutritional value of 
gluten-free bread [18], this time focused on the fortification in proteins. The aim of the study was to 
enrich a gluten-free formulation, supplemented with calcium citrate in low-lactose dairy proteins, to 
evaluate its mixing and pasting behavior and to analyze the technological properties, overall quality, 
and sensory characteristics of obtained gluten-free bread. 
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2. Experimental Section 

2.1. Materials 

Corn starch (Huici Leidan SA, Huarte, Spain), potato starch (EPSA, Valencia, Spain), pectin (E 
440(i`�� ª«£¬� «���
^���� 	®
�� «
���`�� ������� ������� �~���-Aldrich, St. Louis, MO, USA), 
commercial sunflower oil, dried yeast (Lessaffre, Valladolid, Spain), sugar, salt, and tap water were 
used as the basic ingredients. Calcium citrate was added in an amount to provide 0.6% of elementary 
calcium. The diary components used were: calcium caseinate (CAS; PZH SM Lacpol, Murowana 
}
¯�����«
���`��	
������	�������{AS; POCh, Gliwice, Poland), spray dried whey protein isolate 
(ISO; Carbery Ballineen, Ireland), and hydrolyzed whey proteins (OPT; Carbery Ballineen, Ireland). 
The amount of protein components was determined on the basis of nutrition and health claims made 
on foods in such a way that the final gluten-free product was either a source of protein or high in 
protein [19]. 

2.2. Characteristic of Dairy Powders 

2.2.1. Chemical Composition of Dairy Ingredients 

The moisture, crude proteins (N × 6.25), and ash contents were evaluated using the standard  
methods [20–22]. The results presented are the mean values of at least two replicates. 

2.2.2. Physical and Functional Properties of Dairy Ingredients 

Particle size distribution was determined using a Mastersizer 2000 Particle Size Analyzer with a 
wet dispersion unit Hydro 2000 S (Malvern Instrument Ltd, Malvern, England). Samples (1–2 g) 
were suspended in isopropanol. In order to keep the sample suspended and homogenized, it was 
recirculated continuously through the measurement zone. Particle size distribution was assessed 
using the mean particle volume (D50) in six replicates for each sample. 

The measurement of color was performed by using a Minolta colorimeter (Chroma Meter  
CR-400/410, Konica Minolta, Japan), equipped with a granular attachment after standardization with 
a white calibration plate. The color was expressed in accordance with CIE-L*a*b* uniform color 
space (CIE-Lab). The parameters determined were lightness L* (L* = 0 [black] and L* = 100 
[white]), a* (�a* = greenness and +a* = redness), and b* (�b* = blueness and +b* = yellowness). 
Values were the mean of nine replicates. 

Water absorption index (WAI) and water solubility index (WSI) were determined according the 
method of Anderson et al. [23] at room temperature (RT) and after heating. Oil absorption capacity 
(OAC) was determined according to the method of Lin, Humbert, and Sosulski [24]. The values 
presented are the average of three measurements. 

2.3. Mixolab® Measurements 

Mixing and pasting behavior of the protein enriched gluten-free dough were evaluated using 
Mixolab® (Chopin, Tripette et Renaud, Paris, France) [25]. The Mixolab® curves were recorded to 
evaluate the effect of different dairy powders and variable amount of them. Potato starch (8.4 g), 
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pectin (2.1 g), calcium citrate (3.0 g), sugar (2.6 g), and salt (0.8 g) were added to corn starch (31.4 
g). The investigated protein powders (6.3 or 12.6 g) were added substituting the appropriate amount 
of corn starch and 41.7 mL of water. For the assays, 90 g sample was placed into the Mixolab® bowl 
and mixed (15 min/30 °C). Subsequently, the temperature was raised to 90 °C (increase of 4 °C/min) 
and at 90 °C was held for 8 min. In the cooling phase the temperature was reduced until 50 °C 
(decrease of 4 °C/min), and 50 °C was held for 2 min. The mixing speed during the entire assay was 
80 rpm. The values obtained are the mean of two replicates. Parameters recorded included: initial 
pasting temperature where initial increase of consistency was detected, maximum torque during 
heating for potato (C3) and corn (C3³`� 	���#�	�� �������¨��
�� ���� �
���
��
� ���`� ��� �
��� ���`�
starches, minimum dough torque during #�������|�`���

�����	�������������$`��������
�	�	�����������
cooling until 50 °C (C5), and gelling rate ('`� 

2.4. Breadmaking Process 

Potato starch (16 g), pectin (4 g), and calcium citrate (5.8 g) were added to corn starch (60.3 g). 
The investigated protein powders (12 or 24 g) were added substituting the appropriate amount of 
corn starch. Subsequently, sugar (5 g), dried yeast (5 g), and salt (1.5 g) were dissolved separately in 
tap water (80 mL) and added to the dry ingredients together with oil (2.5 g). The batter was mixed for 
12 min in a Brabender farinograph SEW (Brabender OHG, Duisburg, Germany). The resulting batter 
was proofed for 20 min in a proofing cabinet (35 °C/70% relative humidity). Then, the batter was 
divided into 200 g samples, placed in baking tins and proofed for another 20 min under the same 
conditions. The baking was carried out in convection oven at 200 °C for 25 min (Eurofours type 
10AB20W2, Gommergnies, France). The obtained loaves were divided into two groups: the first was 
analyzed directly after cooling to room temperature (2 h); and the second was packed in polyethylene 
bags and stored 24 h at ambient temperature (22 ± 2 °C) for crumb structure analysis and  
sensory evaluation. 

2.5. Characteristic of Gluten-Free Bread 

2.5.1. Chemical Composition and Nutritional Value  

Bread moisture [20], proteins [21], ash [22], and fat [26] contents were determined following the 
standard methods. Total carbohydrates were determined by difference subtracting 100 g minus the 
sum of protein, ash, and fat expressed in g/100 g. The energy value was calculated by multiplying the 
amount of each macronutrient by the corresponding conversion factor (4, 9, and 4 for protein, fat, and 
carbohydrates, respectively) [27]. The percentage of energy delivered by protein was calculated. 

2.5.2. Technological Parameters 

The bread loaf weight and volume (rapeseed displacement method) were determined. The specific 
volume and bake loss were calculated [18]. The height/width ratio of the central 10 mm slices was 
determined using Image J software (National Institutes of Health, Bethesda, MD, USA) [28]. The 
energy status of water in bread samples was measured as water activity (aw) using an Aqua Lab 
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Series 3 (Decagon Devices Pullman, USA) at 22 °C. The crust and crumb color was analyzed as 
previously described using a Minolta colorimeter. Values were the mean of nine replicates. 

2.5.3. Crumb Texture Properties 

Texture profile analysis (TPA test) of the 24-h stored bread crumbs was performed using Texture 
Analyzer TA-XT2i (Stable Micro Systems, Surrey, UK) equipped with a 30 kg load cell and 25 mm 
aluminum cylindrical probe. Three middle slices of each loaf were evaluated. A 10 mm thick bread  
slice underwent a double compression test up to 50% deformation of its original height at a crosshead 
speed of 1 mm/s and a 30 s gap between compressions. From the two-bite texture profile curve the 
following texture parameters were obtained: hardness, adhesiveness, springiness, cohesiveness, 
chewiness, and resilience. 

2.6. Statistical Analysis 

One-way analysis of variance (ANOVA) and Fisher’s least significant difference test (LSD) using 
Statistica 7.1 (StatSoft, Kraków, Poland) were applied to define significant differences (p < 0.05) 
between samples. 

3. Results and Discussion 

3.1. Chemical, Physical and Functional Characteristic of Dairy Powders 

Detailed characteristics of selected dairy powders (NAS, CAS, ISO, OPT), including chemical 
composition, and physical and functional properties, are provided in order to evaluate the effect of 
each individual powder on the gluten-free batter and bread (Table 1). High concentration of 
proteins was confirmed for all dairy ingredients tested (Table 1). Total proteins content exceeded 
85%, with distinguishing concentration in sodium caseinate, containing over 94% of proteins. 
According to the suppliers, all dairy ingredients tested were poor in fat (1.0%–1.5%) and lactose 
(0.5%–2%). Caseinates (CAS and NAS) were richer in mineral compounds (ash; near 4%) than 
whey proteins tested. 

The measurement of particle size showed that the mean size of whey proteins particles was 
significantly higher in comparison with particles of caseinates tested, and ISO showed the highest 
particle size (Table 1). The color parameters of dairy powders indicated that they were very light, 
white, or creamy powders, characterized by high L* value, above 91, and in the case of NAS, near 
94. The negative value of parameter a* (below��`� ��������� ������	#� �
�
�� ��� �#�� �
	������ b* 
values described the yellowish color, being significantly higher for the whey proteins. 

The ability to bind and hold water without syneresis is critical in many foods, thus, hydration 
properties were determined in the dairy proteins. Results indicated that CAS followed by NAS 
showed the highest value of WAI at room temperature (Table 1), however, that trend was reversed 
when this parameter was determined after heating. Although caseins are relatively hydrophobic, 
they contain regions of high, medium, or low hydrophobicity [29] and they bind about 2 g water/g, 
which is typical of proteins [30]. Whey proteins in their native form exhibit little water-binding 
capacity [31]. Nevertheless, heat-denaturated whey proteins, although retaining most of their 
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secondary structure, are linked together and can have a perceived hydration of over 10 g of water/g 
protein, compared with 0.2 g water/g protein for whey protein in their native globular state [29]. 
Processing has also a considerable impact on solubility of dairy proteins (Table 1). At room 
temperature, whey proteins tested were soluble in very high degree, however the heat treatment 
impaired the solubility of these proteins. WSI of ISO and OPT decreased by over 80% and 70%, 
respectively. Whey proteins are susceptible to denaturation at temperature higher that 70 °C. When 
heated, the tertiary structure of protein globules are destroyed, then unfolding of the protein molecules 
and new protein-protein interactions occur [32]. In case of both caseinates tested the opposite 
situation was observed. Here, after boiling the WSI values for CAS and NAS increased by more 
than 15%. Analyzing the OAC, significant differences were found between the dairy proteins tested 
(Table 1). The highest OAC was observed for CAS, followed by ISO, and OPT, whereas NAS has 
the lowest oil absorption capacity, probably due to its highest protein concentration. According to 
Kinsella [33], the mechanism of fat absorption has been attributed mostly to the physical 
entrapment of oil, but as well may be influenced by lipophilicity of the protein concentrate. In 
protein powder foods fat binding can be influenced by the size of powder particles [34], however in 
the dairy proteins tested such correlation was not observed. 

3.2. Effect of Dairy Powders on the Gluten-Free Dough Characteristics 

The effect of the dairy powders at two different levels (12% and 24%) on the rheology of 
gluten-free dough was studied by using the Mixolab, where dough behavior subjected to shear and 
temperature constraints is recorded [25]. The Mixolab plots obtained in the presence of the dairy 
powders are shown in Figure 1. 

Gluten-free doughs showed very low consistency during mixing, which only increased after 
heating when starches present in the recipe started to gelatinize. Consistency enhanced during 
heating till the rupture of the starch granules where the maximum consistency was detected. 
Further heating led to a decrease in the consistency derived from the starches stability during 
cooking and when temperature decreased the amylose retrogradation associated to cooling was 
observed as a consistency increase. This pattern agrees with previous description of the compounds 
changes reported by Rosell et al. [25]. The trends observed on the plots indicated that gluten-free 
dough rheology was clearly governed by starch changes during heating and cooling. The 
consistency of the gluten-free dough is greatly dependent on the amount of water or hydration, 
showing very low consistency during mixing when water adsorption is higher than 90% [35]. It 
must be remarked that during heating two consistency peaks were detected that were associated to 
the different gelatinization temperature of corn and potato starches. Matos and Rosell [36] also 
detected different peaks depending on the type of starch and their diverse pasting temperatures, 
being 65.4 °C for potato starch, 69.9 °C for corn starch and 70.2 °C for rice flour. In addition, 
Krupa-Kozak et al. [18] observed two different slopes during heating, the first one detected around 
28–31 min corresponded to potato starch gelatinization, whereas the second one observed from 31 
to 36 min was ascribed to corn starch gelatinization, which agrees with results of the present study. 
The patterns obtained during mixing, overmixing, pasting, and gelling greatly varied with the 
protein source and the level of proteins (Figure 1). It was not possible to record the consistency of the 
24% NAS containing dough with the Mixolab due to its high consistency. The inclusion of the 
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dairy proteins decreased the dough consistency during the heating-cooling stages, with the 
exception of NAS added at 12% that showed higher consistency after cooling. Bonet et al. [37] 
found that the addition of protein sources (gelatin, egg, and lupine) to wheat flour significantly 
changed the Mixolab plot and the effect was attributable to the nature of the proteins. The presence 
of different proteins and starches modifies protein–protein interactions and also the starch 
gelatinization and the gelling processes [25,35,38]. Regarding the level of the proteins added, 
dough consistencies decreased with increasing level of proteins. 

Figure 1. Effect of dairy proteins on the gluten-free dough consistency determined by 
Mixolab® device. Control: unfortified gluten-free dough; CAS 12: gluten-free dough 
with 12% of calcium caseinate; CAS 24: gluten-free dough with 24% of calcium 
caseinate; NAS 12: gluten-free dough with 12% of sodium caseinate; NAS 24: 
gluten-free dough with 24% of sodium caseinate: OPT 12: gluten-free dough with 12% 
of whey proteins hydrolysate; OPT 24: gluten-free dough with 24% of whey proteins 
hydrolysate; ISO 12: gluten-free dough with 12% of whey proteins isolate; ISO 24: 
gluten-free dough with 24% of whey proteins isolate. C3: maximum torque during 
heating of potato starch; C3³´� ������  torque during heating of corn starch; C4: 
minimum dough torque during heating; C5: final viscosity after cooling till 50 ¶|����´�
�������¨��
������ �
���
��
�	���#����´��������¨��
������ �
���
���	���#��$´��

�����
stability rate. 

 

Primary and secondary parameters were extracted from the Mixolab curves to quantify the effect 
of the different dairy proteins on dough empirical rheology (Table 2). Proteins added to experimental 
doughs retarded the initial pasting temperature and the temperatures at which maximum dough 
consistency (C3 and C3³`� ^	� 
�������� ������� ���� �
� ��
����	� �
������ ^��#� �#�� 	���#� �
�� �#��
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available water, limiting the starch granule swelling and, therefore, promoting a delay in the pasting 
process as has been observed with hydrocolloids [39]. Consistency associated to potato starch 
gelatinization (C3) decreased in the presence of proteins, with the exception of NAS 12, and was 
barely noticeable when increasing protein level up to 24%. That effect was even more accentuated in 
the case of the consistency associated to corn starch gelatinization (C3³`��	�����^����^������������
more limited after proteins hydration and potato starch gelatinization. Nevertheless, no relationship 
could be established between the consistency parameters during heating and the hydration properties 
of the dairy powders, likely the interaction between starches and proteins affected the ability of the 
proteins and starches to bind water. The final dough consistency after cooling (C5) was also 
significantly affected with the addition of the different protein powders, therefore, dairy powders 
modified amylose chains crystallization and in consequence, starch gelling, and the effect was 
dependent on the nature of the protein. NAS added at 12% increased the final consistency, whereas 
ISO at 12% did not modify that parameter and the other proteins decreased it. When increasing levels 
of proteins were added, the effect was a reduction of the final consistency. Considering the particle 
size of the proteins and also the hydration properties of the dairy proteins, there was no relationship 
between those properties and the dough behavior during heating and cooling. Regarding the 
secondary parameters, all doughs showed very low cooking stability range (C4–C3), whereas the 
cooling setback or gelling (C4–C5) was increased with the inclusion of dairy proteins, with the 
exception of the OPT that decreased that value. Likely the hydrolyzed nature of this protein isolate 
hindered the amylose recrystallization, lowering the final dough consistency. The rate of the starches 
�#��
���� 		
������ �
� #������ ����� ���� $`� ��� �

����� �'`� ^���� 	������������ �������� ��� �#��
presence of proteins. In general, starch gelatinization was slowed down in the presence of proteins, 
with the exception of NAS-�������#���	��
�����
��"~£-�������#���	��
�������������
��
������
��
could be established with the protein properties. 

3.3. Chemical Composition and Nutritional Value of the Gluten-Free Breads Containing Different 
Dairy Powders 

The addition of dairy proteins to gluten-free bread formulations is a common practice for 
increasing nutritional value, as in general, the commercial gluten-free formulas are poor in  
proteins [35,40]. Similarly to the results of our previous study [41], the control gluten-free bread, 
mainly composed of corn and potato starches, was poor in proteins (Table 3). 

As was expected, the proteins content in all experimental gluten-free breads with dairy powders 
increased significantly (p < 0.05). Breads supplemented with 12 g of milk powders were more than 
five-times richer in protein than the control. The increase of the level of supplementation with dairy 
proteins (up to 24 g) caused the further increase of protein content in the bread samples, especially 
in NAS 24 with sodium caseinate, which was ten-times richer in proteins than the control. Milk 
proteins have a high nutritional value [10,13] and the addition of milk proteins and essential amino 
acids, such as lysine, methionine and tryptophan also increases the nutritional value of the bakery 
products [14,15]. Within bread samples with dairy proteins addition, a fat content was low ranging 
from 0.39 to 2.08 (Table 3) as all dairy powders added were relatively poor in fat (Table 1). However, 
comparing with the control, experimental breads were more affluent in minerals, especially when 
24 g of calcium caseinate was included to formulation (CAS 24). There are inconsistencies about 
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CD patients being overweight at diagnosis and gaining weight while on GFD [42,43]. Taking this 
into account, the calorie content of gluten-free products is of importance [44]. Energetic value (in 
kcal) of experimental gluten-free bread with dairy proteins ranged from 228 to 246, and was 
comparable to unfortified control (239 kcal). Hager et al. [45] indicated that although the calorie 
content was higher in white and wholemeal wheat bread than in oat, buckwheat, maize, sorghum, 
teff, and rice, these breads were of inferior quality at the same time. In the present study the two 
levels of dairy proteins supplementation to experimental gluten-free bread were tested regarding the 
energy delivered by proteins (Table 3). In the case of experimental breads with lower amount (12 g) 
of caseinates and whey proteins powders, the proteins delivered around 15% or above 13% of 
energy, respectively. The higher threshold of proteins supplementation influenced further significant 
growth of energy delivered by proteins up to 26% in NAS 24. According to the European Parliament 
regulation on nutrition and health claims made on foods, a claim that a food is a source of protein 
may only be applied to food product where at least 12% of the energy value of the food is provided 
by protein, whereas a claim that a food is high in protein may only be made where at least 20% of 
the energy value of the food is provided by protein [19]. Based on that regulation, all experimental 
gluten-free breads with 12 g dairy proteins addition can be recognized as a source of proteins, 
whereas all experimental gluten-free breads with 24 g dairy proteins addition are high in protein. 

3.4. Technological Parameters of Gluten-Free Breads with Dairy Powders 

In general, milk products have been described as volume-depressing contributory factors of 
wheat bread [46,47]. In this study, the addition of 12 g dairy proteins to the experimental gluten-free 
formulations increased significantly the specific volume of all breads, comparing with the  
control bread, with distinguishing results obtained in bread NAS 12 (Table 4). Similarly,  
Gallagher et al. [17] indicated that addition of high protein/low lactose dairy powders resulted in 
gluten-free breads of improved overall shape and volume. Additionally, in the case of increase of 
sodium caseinate concentration in gluten-free formulation, the further increase of specific volume 
of bread NAS 24 was observed. In all remaining samples, the used of increased amount of dairy 
proteins (up to 24 g) affected specific volume in a different manner. Compared with the control, 
increased level of hydrolyzed whey proteins decreased significantly the volume of bread OPT 24, 
whereas a higher concentration of whey proteins isolate increased the specific value of bread ISO 
24. Specific volume of bread CAS 24 was similar to the control. The volume of bread with dairy 
powders depends on the powder type and level of addition. Breads with addition of dairy supplements 
showed higher height/width ratio of central slices in comparison with the unfortified control  
(Table 4). However, only in the case of breads with the 12 g of proteins in formulation, the increase 
in the height/width ratio of slice was significant. Analyzing relationship between specific volume 
and H/W ratio a linear positively correlation (Pearson’s r = 0.49) was found. 
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Table 3. Chemical composition and nutritional value of the gluten-free breads containing 
different dairy powders. 

Sample 
Moisture 

(%) 
Proteins  
(% as is) 

Fat  
(% as is) 

Ash  
(% as is) 

Energetic value 
(kcal as is) 

Energy delivered 
by proteins (%) 

Control 39.97 c  1.51 b  1.14 a 1.82 d 239 a 2.53 e 
CAS 12 39.23 e 8.65 a 0.83 c 2.14 a 239 a 14.50 b 
NAS 12 41.64 a 8.57 a 0.39 d 1.82 d 228 c 15.03 a 
OPT 12 39.69 d 8.23 a 0.83 c 1.98 b 237 b 13.86 c 
ISO 12 40.09 b 8.07 a 1.04 b 1.92 c 237 b 13.61 d 
Control 39.97 C 1.51 C 1.14 D 1.82 D 239 C 2.53 D 
CAS 24 40.59 A 14.49 B 1.29 C 2.20 A 235 D 24.63 B 
NAS 24 39.37 D 15.75 A 1.21 CD 2.15 B 240 B 26.25 A 
OPT 24 40.49 B 14.74 B 1.71 B 2.06 C 238 C 24.74 B 
ISO 24 39.06 D 14.39 B 2.08 A 2.12 B 246 A 23.43 C 

Control: unfortified gluten-free bread; CAS 12: gluten-free bread with 12% of calcium caseinate; CAS 24: 
gluten-free bread with 24% of calcium caseinate; NAS 12: gluten-free bread with 12% of sodium 
caseinate; NAS 24: gluten-free bread with 24% of sodium caseinate: OPT 12: gluten-free bread with 12% 
of whey proteins hydrolysate; OPT 24: gluten-free bread with 24% of whey proteins hydrolysate; ISO 12: 
gluten-free bread with 12% of whey proteins isolate; ISO 24: gluten-free bread with 24% of whey proteins 
isolate; Mean values labeled with different letters in the same column are significantly different (p < 0.05). 
Lower case letters were used with the low-level protein addition and upper case letters are referred to the 
highest level of protein addition. 

Applied dairy supplements, regardless of the amount, influenced the bake loss, defined as the 
amount of water and organic material lost during baking (Table 4). In comparison with the control, 
bake loss of all breads tested increased significantly. The opposite effect was observed only in 
bread OPT 24, where the value of bake loss was significantly reduced by higher concentration of 
hydrolyzed whey proteins. Crumb characteristic affects the rate of water transport [48]. Small size 
of crumb pore slowed down moisture migration [49], whereas a larger number of connections 
between gas cells would give a faster transport of water. Additionally, the number of connections 
of each gas cell increased with increased size of gas cell [50]. 
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Incorporation of dairy powders affected the color of both, crust and crumb of experimental  
gluten-free breads (Table 4). Crust of the control bread was characterized by the highest lightness  
(L* = 46.37), whereas the inclusion of dairy proteins resulted in crust darkening, influenced by the 
level of dairy proteins addition rather than the protein type. All gluten-free breads containing dairy 
supplements showed the significantly lower L* value. Additionally, in the case of experimental  
gluten-free breads containing 12 g of dairy proteins, the further crust color diversification was 
observed. Crust of bread CAS 12 and NAS 12, containing calcium or sodium caseinate, respectively, 
was significantly lighter in comparison with dark crust of breads containing whey proteins, with 
distinguishing OPT12 where L* value reached 27.56. The value of parameter a* (red hue) was 
positive for crust of all experimental breads (Table 4). Comparing with the control, the incorporation 
of dairy powders to gluten-free formulation affected the significant decrease in redness, especially in 
breads containing sodium caseinate at both levels tested (NAS 12 and NAS 24). Crust of the control  
gluten-free bread obtained the highest b* value (yellow hue). Whereas, the addition of dairy proteins 
to formulation produced a significant decrease of crust yellowness of breads obtained, however all 
the values were still positive. The crust yellowness was especially low in the case of breads with 
higher dairy proteins concentration. Observed darkening of crust color resulted probably from the 
Maillard browning, a chemical reaction between amino groups and reducing sugars. In the case of 
milk derivatives undergoing a high temperature treatment, lactose as a reducing sugar interacts 
mainly with lysine residues, resulting in the formation of brown melanoidins [51]. These 
non-enzymatic reactions are responsible for numerous changes on food properties. From the 
technological point of view, the brown crust formation on gluten-free bread is desirable and the 
resulting color, taste and flavor characteristics are generally experienced as pleasant. Crumb color 
was influenced by a level of dairy proteins addition. Lower concentration of proteins tested in the 
formulations resulted in bread of similar to control crumb lightness, with slightly distinguishing 
NAS 12 (Table 4). Only in CAS 12 the L* was significantly reduced. Whereas, the lightness of 
bread crumb supplemented with 24 g of dairy proteins was higher in comparison with crumb of 
breads with 12 g dairy proteins addition, except for crumb of bread NAS 24. The a* values for the 
crumbs were all negative, with the lowest redness detected in the control crumb. 

Comparing with the control, increasing concentration of dairy powders increased significantly 
the value of a* parameter of tested crumbs. This effect was especially visible in the case of breads 
containing calcium (CAS 24) and sodium (NAS 24) caseinate, where the a* value reached ����!�
and ���������	�����������·���
^��		��b*) of all crumb samples was positive. Similarly to redness, 
also the value of b* increased significantly with increased dairy proteins concentration. Gluten-free 
breads containing dairy powders had an appealing dark crust and white crumb appearance, and 
received good acceptability scores in sensory tests [14,17]. As a wide variety of dairy supplement 
are available, their application in baked product development need to be determined adequately. In 
addition to the type and the amount of dairy supplement, the choice must be based on their 
physicochemical and functional properties, which varies remarkably. 

3.5. Textural Parameters of Gluten-Free Breads with Dairy Powders 

The values obtained for the textural parameters of the bread crumbs are shown in Table 5. Wide 
variations in the crumb hardness (3.66 to 25.28 N) were observed among the gluten-free bread 
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samples. These results reflect large differences depending on type of proteins used. Dairy proteins 
incorporated at 12% level significantly (p < 0.05) decreased the hardness, with the exception of NAS 
12. Nevertheless, the addition of increasing amounts of proteins led to the opposite effect and only 
ISO 24 remained softer than the control crumb. NAS at any level of addition led to harder crumbs 
and the same effect was observed in chewiness. Nunes et al. [14] analyzed the influence of low 
lactose dairy powders on gluten-free bread quality indicated that sodium caseinate had a negative 
impact on crumb hardness, whereas whey proteins demonstrated the ability to increase significantly 
the specific volume of the breads and decrease its the hardness. 

Table 5. Texture profile analysis of the gluten-free bread crumbs containing different  
dairy powders. 

Sample Hardness (N) Springiness Cohesiveness Chewiness (g) Resilience 
Control 9.44 b 1.002 a 0.454 ab 431.70 b 0.195 a 
CAS 12 3.66 e 1.007 a 0.460 a 169.80 c 0.186 a 
NAS 12 11.43 a 0.981 ab 0.427 b 475.84 a 0.188 a 
OPT 12 5.46 c 0.940 c 0.335 c 170.74 c 0.134 b 
ISO 12 4.20 d 0.972 b 0.366 c 152.99 c 0.141 b 
Control 9.44 C 1.002 A 0.454 B 431.70 C 0.195 A 
CAS 24 11.60 B 0.979 AB 0.486 A 568.38 B 0.196 A 
NAS 24 25.28 A 0.954 B 0.434 B 1071.26 A 0.184 A 
OPT 24 11.06 B 0.872 C 0.376 C 368.83 D 0.133 B 
ISO 24 6.35 D 0.959 B 0.446 B 282.34 E 0.181 A 

Control: unfortified gluten-free bread; CAS 12: gluten-free bread with 12% of calcium caseinate; CAS 24: 
gluten-free bread with 24% of calcium caseinate; NAS 12: gluten-free bread with 12% of sodium 
caseinate; NAS 24: gluten-free bread with 24% of sodium caseinate: OPT 12: gluten-free bread with 12% 
of whey proteins hydrolysate; OPT 24: gluten-free bread with 24% of whey proteins hydrolysate; ISO 12: 
gluten-free bread with 12% of whey proteins isolate; ISO 24: gluten-free bread with 24% of whey proteins 
isolate; Mean values labeled with different letters in the same column are significantly different (p < 0.05). 
Lower case letters were used with the low-level protein addition and upper case letters are referred to the 
highest level of protein addition. 

Springiness is associated with a fresh, aerated and elastic product, thus high springiness is 
desirable in this type of products. Low springiness value is indicative of brittleness and this reflects 
the tendency of the bread to crumble when is sliced. Although the proteins addition decreased the 
springiness, the effect was only significant in the presence of the protein isolates (ISO and OPT) at 
both levels tested. Marco and Rosell [35] found springiness values that ranged from 0.77 to 0.94 
when study the protein enrichment of rice based gluten-free breads, and later on Matos and Rosell [8] 
reported springiness values from 0.76 to 1.00 in commercial gluten free breads. Therefore, 
springiness values obtained in the present study agree with reported ones. 

Cohesiveness characterizes the extent to which a material can be deformed before it ruptures, 
reflecting the internal cohesion of the material. Bread with high cohesiveness is desirable because it 
forms a bolus rather than disintegrates during mastication, whereas low cohesiveness indicates 
increased susceptibility of the bread to fracture or crumble [8]. In case of breads containing 
caseinates (CAS and NAS) values obtained for cohesiveness were similar to control, while whey 
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proteins (OPT and ISO) decreased, significantly, the value of this parameter (p < 0.05). Very low 
resilience values were obtained for experimental gluten-free breads, especially for breads with whey 
proteins, indicating a low elasticity. Values obtained agreed with results reported for commercial 
gluten-free bread where resilience ranged from 0.09 to 0.84 [8]. 

4. Conclusions 

The present study has shown that the application of low-lactose dairy proteins in a gluten-free 
formulation influenced considerably the characteristic of experimental doughs and breads. 
Gluten-free doughs containing dairy proteins tested showed very low consistency during mixing 
stage and decreased consistency during the heating-cooling stages. Experimental breads were 
significantly richer in proteins and more affluent in minerals than the control one. Energetic value of 
experimental gluten-free bread with dairy proteins was comparable to unfortified control, however 
regarding the energy delivered by proteins they can be recognized as a source of proteins or as high 
in protein. Addition of dairy proteins to the experimental gluten-free formulations increased 
significantly (p < 0.05) the specific volume of all breads, with distinguishing results obtained in 
bread NAS 24. Inclusion of dairy proteins resulted in crust darkening and crumb lightness, 
influenced by the level of dairy proteins addition rather than the protein type. Dairy proteins 
incorporated at a 12% level significantly (p < 0.05) decreased the hardness, with the exception of 
NAS 12. Nevertheless, the addition of increasing amounts of proteins led to the opposite effect. 
Obtained results suggest that dairy proteins tested in this study could be used successfully in 
gluten-free recipes in order to obtain gluten-free bread of a pleasant color, taste, and flavor 
characteristics, and improved technological and nutritional properties. 
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Abstract: Gluten-free diet (GFD) is the cornerstone treatment for celiac disease (CD). 
GFD implies a strict and lifelong elimination from the diet of gluten, the storage protein 
found in wheat, barley, rye and hybrids of these grains, such as kamut and triticale. The 
absence of gluten in natural and processed foods, despite being the key aspect of GFD, 
may lead to nutritional consequences, such as deficits and imbalances. The nutritional 
adequacy of GFD is particularly important in children, this the age being of maximal 
energy and nutrient requirements for growth, development and activity. In recent years, 
attention has focused on the nutritional quality of gluten-free products (GFPs) available 
in the market. It is well recognized that GFPs are considered of lower quality and poorer 
nutritional value compared to the gluten-containing counterparts. The present review 
focuses on the nutritional adequacy of GFD at the pediatric age, with the aim being to 
increase awareness of the potential complications associated with this diet, to identify 
strategies in order to avoid them and to promote a healthier diet and lifestyle in children 
with CD. 

Keywords: celiac disease; gluten-free diet; children; nutritional complications;  
balanced diet 
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1. Introduction 

Celiac disease (CD) is a chronic systemic autoimmune disorder caused by a permanent 
intolerance to gluten proteins in genetically susceptible individuals. Gluten is a general term used to 
describe a mixture of storage proteins, including prolamins, hordeins and secalins found in wheat, 
barley and rye, respectively. These proteins may exert a toxic effect on intestinal mucosa in 
genetically susceptible individuals by triggering an immune-mediated response, responsible for the 
typical villous atrophy and lymphocyte infiltrate in small intestine mucosa seen in CD. In fact, these 
proteins contain epitopes that undergo deamidation, an important process for the binding of the CD 
associated human leukocyte antigen (HLA) DQ2/DQ8 haplotypes with T-lymphocytes, activating an 
autoimmune response [1–3]. 

A lifelong strict gluten-free diet (GFD) is the only available treatment for CD. Adherence to GFD 
leads to regression of symptoms, normalization of histological and laboratory findings and reduces 
the risk of CD associated complications [4]. Within the range of gluten-free foods, a distinction must 
be made between those that are naturally gluten-free and those that are made gluten-free through a 
process of purification. There are several foods that are naturally gluten-free, such as rice, corn, 
potatoes and a number of different grains, seeds and legumes. Historically, rice, corn and potatoes 
have been the first natural substitutes for gluten-containing grains. Today, a number of different 
grains, including pseudo-cereals, offer increased variety, improved palatability to GFD and are a 
good source of carbohydrates, protein, dietary fiber, vitamins and polyunsaturated fatty acids [5,6]. 
The commercially available gluten-free (GF) products are processed foods purified of gluten. The 
elimination of this storage protein inevitably alters the macro- and micro-nutrient composition, thus 
the nutritional value. First, wheat is not only a major source of protein, but also of iron, folates and B 
vitamins (thiamin, riboflavin and niacin); in fact, GF products are often low in these nutrients, as 
opposed to their gluten containing equivalents [7–9]. The various gluten-free and gluten containing 
foods are listed in Table 1. 

Table 1. Gluten-free and gluten containing cereals and other foods. 

Gluten-Free Cereals Gluten Containing Cereals 
Cereals and minor cereals 

Corn 
Rice 

Sorghum 
Oats * 
Teff 

Millet 
Pseudo-cereals 

Amaranth 
Quinoa 

Buckwheat 

Wheat 
Barley 

Rye 
Kamut 
Malt 

Triticale 

Vegetable foods 
Vegetables 

Fruits 
Nuts 

Bread 
Pasta 

Snacks 
Biscuits 
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Table 1. Cont. 

Other plant foods 
Potatoes 
Tapioca 
Soybean 

Vegetable oils 
Animal foods 
Dairy products 

Egg 
Meat 
Fish 

All foods produced with any of the 
gluten containing cereals 

mentioned above. Numerous 
foods available in supermarkets 

and grocery stores, including meat 
products, sweets and beer,  

contain gluten. 

* Controversial; see paragraph on oats. 

1.1. Macronutrients 

Studies show that gluten-free products (GFPs) often have a greater carbohydrate and lipid content 
than their gluten containing equivalents [10–13]. Segura et al. analyzed the nutritional composition 
of a range of GF breads and found that these are starchy-based foods with a high glycemic index 
(estimated between 83.3 and 96.1 vs. 71 for white wheat flour bread), with low protein and high fat 
content [9]. With regards to lipid content and composition, Caponio et al. showed that commercially 
available GF biscuits are richer in saturated fatty acids compared to the gluten containing  
equivalents [13]. All these characteristics have a negative effect on health, and this should be 
seriously taken into account, because the limited choice of food products in the diet of children with 
CD induces a high consumption of packaged GFPs, such as snacks and biscuits. 

1.2. Micronutrients and Minerals 

It has been shown that some commercially available GFPs have a lower content of folates, iron  
and B vitamins or are not consistently enriched/fortified compared to their gluten containing 
counterparts [7–9]. Thompson [7,8] conducted two studies on US commercially available GFPs. The 
author analyzed the folate, iron and B vitamins (thiamin, riboflavin and niacin) composition of these 
products and compared them with the composition of their gluten containing counterparts, finding 
that GFPs were significantly lower in folates, iron and B vitamins. 

1.3. Dietary Fiber 

Some studies have reported that GFD is associated with a lower intake of dietary fiber than a 
standard gluten containing diet [14,15]. A study conducted in the USA on adults showed that the diet 
of CD patients on GFD was low in fiber intake [15]. This phenomenon is likely to be related to the 
composition of many GF foods made with starches and/or refined flours with low content in fiber. In 
fact, during the refining process, the outer layer of grain containing most of the fiber is removed, 
leaving only the starchy inner layer. 
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2. Nutritional Imbalances in Children with Celiac Disease Following a GFD 

Studies conducted in adults and children show that approximately 20%–38% of patients with CD  
have nutritional complications, such as calorie/protein imbalance, dietary fiber, mineral and vitamin 
deficiencies [16–19]. These complications may be encountered both at diagnosis and during 
follow-up, whilst on GFD [9,18]. At diagnosis, the deficiencies are often secondary to nutrient 
malabsorption due to mucosal damage. Studies show that the more pronounced the villous atrophy, 
the greater the nutritional deficiencies, with lower levels of iron, copper, folate, vitamin B-12 and 
zinc [19]. For CD patients on GFD, the nutritional complications are likely to be caused by the poor 
nutritional quality of the GFPs mentioned above and by the incorrect alimentary choices of CD 
patients. The most common nutritional deficiencies encountered in adults with CD, at diagnosis and 
during GFD, are described in Table 2. 

Table 2. Common nutrient deficiencies in adults with celiac disease (CD) at diagnosis 
and after Gluten-free diet (GFD). Modified from Cynthia Kupper [20]. 

Common Nutrient Deficiencies in Subjects with Celiac Disease 
At Diagnosis GFD GFD Products Long-Term GFD 

Calorie/protein 
Fiber Fiber Fiber Fiber 
Iron Iron Iron 

Calcium Calcium 
Vitamin D Vitamin D 
Magnesium Magnesium 

Zinc 
Folate, niacin, 
vitamin B12 

Folate, niacin, vitamin 
B12 

Folate, niacin, vitamin 
B12 

Folate, niacin, vitamin 
B12 

Riboflavin Riboflavin Riboflavin Riboflavin 

Numerous studies focus their attention specifically on the nutrient intakes of CD children and 
adolescents on GFD. Mariani et al. [21] studied the nutritional habits of 47 adolescents (aged  
10–20 years) affected by CD, by means of a three-day alimentary diary. A comparison with the 
Italian and American recommended daily allowance (RDAs) was done for the intakes of 
macronutrients, fiber, iron and calcium. The results showed that CD subjects followed a high-protein 
and high-lipid diet with low intakes of carbohydrates, iron, calcium and fiber compared to the 
recommended daily intakes. Furthermore, Hopman et al. [22] studied the nutrient intake of 37 
adolescents with CD (aged 13–16 years) following a strict GFD and compared the intakes with a 
control group in the same age category. In the CD group, the intake of saturated fat was significantly 
higher than recommended by both the American and Dutch RDAs; the intake of fiber and iron was 
significantly lower than recommended. Furthermore, the comparison between the two groups 
showed that the intake of fiber and iron was lower in the CD group compared to controls (p < 0.05). 
Öhlund et al. [23] conducted a study in 2010 on 30 children aged 4–17 years with CD and on GFD, 
using a five-day food record. High intakes of saturated fat and sucrose and low intakes of dietary 
fiber, vitamin D and magnesium compared to recommendations (New Nordic Nutrition 
Recommendations, 2004) was observed. 
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An elegantly conducted study by Zuccotti et al. compared the dietary intake of CD children on 
GFD to a group of healthy children (healthy controls, HC) and evaluated the contribution of 
commercially available GFPs on the observed nutritional intake [24]. The study showed that the 
daily intake of vitamin D was significantly lower in the CD compared to the HC group (vitamin D 
���������������½��¾�����vs. 3.1 μg + 2.8, p < 0.01). With regards to macronutrients, the intake of 
simple sugars, fats and protein exceeded the national recommendations for health in both the CD and 
HC groups. The total daily energy intake was significantly higher in the CD group compared to HCs 
(8961.8 KJ day�� vs. 5761.0 KJ day�1; p < 0.001). In the CD group, the carbohydrate-derived energy 
was higher, while the lipid-derived energy was lower, compared to the HC group. Protein-derived 
energy did not differ between the two groups. In the CD group, the contribution of commercially 
available GFPs on daily energy intake was studied. The main finding was that these products 
provided 36.3% of the total daily energy intake (3253.1 KJ day�� out of 8961.8 KJ day��) in these 
patients. Analyzing the contribution of the macronutrients derived from GFPs on the total daily 
energy intake, it was observed that protein derived from GFPs accounted for 7.3% of the total energy 
derived from protein, representing 18% of total daily energy intake. With regards to lipids, GFPs 
contributed a median of 12.9 g day�� of the median total daily fat intake of 73.0 g, which is equivalent 
to 17.7% of energy from fat. Furthermore, Mariani et al. [21] conducted a nutritional analysis of 
children with CD. The author found that children complying with a strict GFD had significantly 
greater nutritional imbalance in their diet than did children cheating on their GFD. More troubling, 
the incidence of children who were overweight or obese was more frequent (72%) in the strict GFD 
group compared with the children not following a strict GFD (51%) and healthy age-matched 
controls (47%). A study conducted by Ferrara et al. [25] compared the caloric intake and fat 
consumption of 50 children with CD following a GFD with 50 healthy children. A significant 
increase in fat consumption was observed in children with CD compared to healthy children (72.5 + 
37.2 g vs. 52.9 + 35.4 g per 100 g of food, p < 0.008). Furthermore, a significant difference in fat 
intake was observed between the two groups (10.21 + 3.15 g per 100 g of food in CD group vs. 7.46 
+ 2.91 g/100 g in control group, p = 0.004). 

3. Effects of Gluten-Free Diet on Anthropometric Parameters 

The scientific literature on anthropometric parameters in children with CD on GFD provide 
contrasting data. On the one hand, there is evidence that good compliance with GFD is associated 
with a positive effect on anthropometric parameters, including: the reduction of fat and the recovery 
of lean body mass [26], normalization of body mass index (BMI) in both previously underweight and 
overweight subjects [27] and acceleration of linear growth [28]. A study conducted in children with 
CD and obesity at diagnosis showed a significant reduction in BMI after 12 months of GFD [29]. 
Another study conducted by Brambilla et al. found a lower frequency of being overweight and of 
obesity in children with CD, both at diagnosis and during GFD, compared to healthy controls [30]. 
Even though the frequency of being overweight and of obesity in the CD group increased on GFD, it 
remained lower than observed in the general population. 

On the other hand, there are also studies that suggest that GFD may have a negative effect on body 
composition and anthropometric parameters in subjects with CD [31]. Mariani et al. [21] first 
reported the high prevalence of being overweight and of obesity in CD adolescents on GFD; the 
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authors found that more than 50% of CD adolescents were overweight during GFD. However, in the 
latter paper, the authors used a relative body weight >110%, rather than BMI, to define being 
overweight, probably leading to an overestimation of being overweight. Furthermore, a study 
conducted by Valletta et al. showed that the frequency of being overweight in children with CD was 
nearly doubled after one year of GFD [32]. Potential explanations for the undesirable weight gain 
and obesity observed in these studies are possible overfeeding as the intestinal mucosa heals, 
consumption of less complex carbohydrates and fiber and more sugars, proteins and saturated fats in 
GFD. The conflicting data may in part be caused by differences in the timing of anthropometric 
assessment. Many children with CD, after introduction of GFD, may initially gain excessive weight 
and only thereafter start to show catch-up growth and normalization of weight. Even though the effect 
of GFD on body weight and BMI remains a controversial issue, it remains fundamental for 
pediatricians to be aware of the possible nutritional consequences of GFD for which early 
recognition can be crucial in the prevention of obesity-related complications. 

4. Dietary Advices for a Nutritionally Adequate and Balanced Diet in Children with  
Celiac Disease 

4.1. Education and Compliance 

The first step towards a balanced diet starts from early education on CD and GFD, possibly 
provided by a skilled dietitian and/or by a physician with expert knowledge in CD. The diet is 
complicated and can be overwhelming if not presented using a thorough and proactive approach. 
Early education is fundamental to promote adherence to GFD. In fact, studies focusing on 
compliance to GFD indicate that adherence is compromised by a number of factors, including a lack 
of education and continued support by a physician and dietitian [33,34]. In a study conducted by 
Charalampopoulos et al. on determinants of the adherence of GFD in children with CD, baseline 
education was one of the main determinant factors influencing compliance, suggesting the 
importance for frequent reinforcement and an accurate explanation of dietary recommendations [34]. 

4.2. Dietary Intake 

In CD children on GFD, the recommended distribution of daily calorie intake for a healthy and 
balanced diet does not differ from that recommended to the general population. According to the 
dietary reference intake values (DRI), the total daily dietary calories should be ideally obtained as 
55% from complex and simple carbohydrates, 15% from dietary protein and 25%–30% or less from 
lipids. The intake of unsaturated fat (monounsaturated and polyunsaturated) should be preferred. 
Monounsaturated and polyunsaturated fatty acids should provide more than 15% and 10% of total 
calories, respectively. They are found in foods, such as vegetable oils, nuts, seeds and fish high in 
lipid content, such as salmon, trout and herring. Thus, it is important to inform and recommend 
children with CD on the ideal distribution of the daily calorie intake. 
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4.3. Gluten-Free Foods 

It is advisable to prefer consumption of naturally GF foods, since it has been shown that they are 
more balanced and complete under both the macro- and micro-nutrient point of view. In fact, these 
foods are considered to have a higher nutritional value in terms of energy provision, lipid 
composition and vitamin content as opposed to the commercially purified GF products. Within the 
range of naturally GF foods, it is preferable to consume those rich in iron and folic acid, such as leafy 
vegetables, legumes, fish and meat. During explanation of naturally GF foods to patients, it is a good 
approach for healthcare professionals to bear in mind the local food habits and recipes of each 
country. This may provide tailored dietary advice, improving acceptance and compliance to GFD. 
Furthermore, increasing awareness on the availability of the local naturally GF foods may help 
promote their consumption, resulting in a more balanced and economically advantageous diet. 
Indeed, these aspects should always be addressed during dietary counseling. With regards to the 
commercially purified GFPs, it is recommended to pay special attention to the labeling and chemical 
composition. In European countries, the currently accepted definition of GF is the one designed by 
Codex Alimentarius (the gluten-free certification organization, 2007) [35]. The term “gluten-free” 
refers only to foods containing less than 20 ppm of gluten. In addition, the claim “very low gluten” is 
used for foods, such as bread, produced using cereals that have been specially processed to remove 
most of the gluten and containing less than 30 mg daily. Furthermore, some GFPs are 
enriched/fortified with vitamins and/or minerals, thus the choice of these products is preferred, to 
prevent the deficiencies associated with GFD, mentioned above. Clear labeling of GFPs and 
education of CD patients on how to interpret them is fundamental to helping CD subjects make safer 
and more informed food choices. 

4.4. Pseudo-Cereals and Minor-Cereals 

Pseudo-cereals, such as amaranth, quinoa and buckwheat, and other minor cereals represent a 
healthy alternative to frequently used ingredients in gluten-free products. They are a good source of 
carbohydrates, protein, dietary fiber, vitamins and polyunsaturated fatty acids [36]. In fact, the fiber 
content in these grains ranges from seven to 10 g/100 g [37], which is higher compared to those of 
other plant foods and cereals and approximately the same as the content in wheat (fiber 9.5 g/100 g). 
Furthermore, they are a valid source of protein, as their content is superior to that of wheat in terms of 
the quantity and quality of proteins: in particular, lysine, arginine, histidine, methionine and cysteine 
can be found in high amounts [38,39]. Although the lipid content of pseudo-cereals is higher 
compared to other plant foods, they are characterized by a higher content of unsaturated fatty acids, 
��������������-linolenic acid [40,41], beneficial for the prevention of cardiovascular diseases. In 
addition, higher concentrations of folic acid have been found in ����
��!����½�������`��������#�
�����½����� �`�^��#���	������
�^#�������½�������`������#���
�����
�#�����#��������
�����	
�
good sources of riboflavin, vitamin C and vitamin E [42]. In addition, pseudo-cereals permit a wider 
variety of foods, broadening the choice for CD children when selecting foods. Under the economic 
point of view, these grains offer a less expensive alternative with respect to standard gluten-free 
choices; also, this aspect could help increase dietary compliance by reducing the economic burden of 
the diet [43]. The nutritional advantages of pseudo-cereals are listed in Table 3. 
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Table 3. Nutritional advantages of pseudo-cereals (amaranth, buckwheat and quinoa). 

Nutritional Characteristics of Amaranth, Buckwheat and Quinoa 
High fiber content, 7–10 g/100 g, approximately the same as wheat fiber 9.5 g/100 g. 

High protein content, 10.9%–15.2% of dry mass vs. 11.7% of dry mass in wheat. 
High quality amino acids: lysine, arginine, histidine, methionine and cysteine. 

Source of ��	���������������	����������������-linolenic acid. 
High content of folic acid: quinoa and amaranth, 78.1 μg/100 g and 102 μg/100 g, respectively, vs. 

40 μg/100 g in wheat. 
Source of vitamins: B2, B6, riboflavin, vitamin C and E. 

Source of minerals: the content is twice as high as in other cereals. 

4.5. Oats 

The inclusion of oats in the GFD has been, for many years, and still is a matter of debate, because  
it was thought that avenin (the storage protein found in oats) was also toxic to CD patients.  
Moreover, attention has been focused on the issue of the frequent cross-contamination of oats with 
gluten-containing grains. Studies have demonstrated that when consumed in moderation, oats free 
from cross-contamination are well tolerated by most children [44,45]. Under the nutritional point of 
view, oats represent a good source of iron, dietary fiber, thiamin and zinc and, in addition, have a 
good palatability [46]. A study conducted by Størsund et al. in CD children suggests that oats may 
improve the nutritional value of GFD and, in view of the good palatability, may also help increase  
compliance [47]. Recently, Lee et al. demonstrated that adding three servings of gluten-free 
alternative grains, including oats, positively impacts the nutrient profile (fiber, thiamin, riboflavin, 
niacin, folate and iron) of the grain portion of the gluten-free diet [48]. 

4.6. Vitamins and Minerals 

Meat, fish, fruit and vegetables are an important natural source of vitamins, minerals and trace 
elements. In view of the possible micronutrient deficiencies associated with GFPs, an appropriate 
consumption of these foods should be advised in children with CD. In particular, fruit and vegetables 
are low in energy and rich in vitamins and minerals; moreover, they contain phytochemicals and 
antioxidant compounds that exert a protective effect against diseases associated with oxidative 
damage [49]. The intake of at least five portions of fruit and vegetables a day should be 
recommended in children with CD. Minerals (calcium, phosphorus, sodium, potassium, chloride and 
magnesium) and trace elements (iron, zinc and selenium) are also contained in a significant amount 
in pseudo-cereals, in which the content can be twice as high as in other cereals. For example, in teff, 
iron and calcium contents (11–33 mg/100 g and 100–150 mg/100 g, respectively) are higher than 
those of wheat, barley, sorghum and rice. 

4.7. Nutritional Follow-Up 

Continuous long-term follow-up is crucial to promote adherence to GFD and for early 
identification of nutritional deficiencies and/or metabolic imbalances. Ideally, a skilled dietitian with 
knowledge in CD and GFD should be an integral part of the healthcare team. A child’s nutritional 
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status should be accurately assessed at diagnosis and at each follow-up, which ideally should be 
performed at six months post commencement of GFD and then annually, post-diagnosis. The 
evaluation of nutritional status should start from a thorough and accurate dietary history and include 
the assessment of anthropometric parameters (weight, height and body mass index). Adherence to GFD 
should be assessed, and information on how to safely broaden food choices and interpret food labeling 
should be given. Early identification and correction of nutritional deficiencies should be regularly 
addressed. Table 4 summarizes the key points of nutritional follow-up in children with CD. 

Table 4. Recommended timing for nutritional follow-up. BMI: body mass index. 

Nutritional Follow-Up 
When? How? 

Diagnosis 
6 months post commencement of GFD 

Annually post diagnosis 

Accurate dietary history 
Evaluation of nutritional status 

Anthropometric parameters, (weight, height, BMI) 
Physical examination (attention to signs of malnutrition) 

Figure 1. Schematic representation of proposed approach to a nutritionally adequate and 
balanced gluten-free diet. 
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5. Conclusions 

Gluten-free diet, the only available treatment for CD, if not carried out with attention, may 
paradoxically lead to nutritional imbalances, which should be avoided, particularly at the pediatric 
age, the phase of maximal growth and development. Increasing awareness on the possible nutritional 
deficiencies associated with GFD may help healthcare professionals and families tackle the issue by 
starting from early education on GFD and clear dietary advice on how to choose the most appropriate 
gluten-free foods. Figure 1 summarizes, by means of a schematic representation, a proposed 
approach towards a nutritionally adequate and balanced gluten-free diet. Further studies on the 
technological and nutritional properties of the alternative cereals as wheat replacements are needed 
to confirm their role in improving the intake of protein, iron, calcium and fiber and reducing nutritional 
deficiencies in children with CD. Their role in the economic burden of the diet and their effect on 
compliance should also be further investigated. Furthermore, a promising field for gluten-free diet is 
food biotechnologies. By means of this science, it would be worth considering genetically modifying 
the amino acid sequence of gluten storage proteins, in order to make them free of those domains high 
in prolines and glutamines, which are responsible for the toxicity. 
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Abstract: Many celiac disease patients tolerate oats, but limited data are available on its 
long-term consumption. This was evaluated in the present study, focusing on 
small-bowel mucosal histology and gastrointestinal symptoms in celiac adults 
maintaining a strict gluten-free diet with or without oats. Altogether 106 long-term 
treated celiac adults were enrolled for this cross-sectional follow-up study. Daily 
consumption of oats and fiber was assessed, and small-bowel mucosal morphology and 
���	����	�
��|��¾����¾����$Ã+ intraepithelial lymphocytes determined. Gastrointestinal 
symptoms were assessed by a validated Gastrointestinal Symptom Rating Scale 
questionnaire. Seventy (66%) out of the 106 treated celiac disease patients had consumed 
a median of 20 g of oats (range 1–100 g) per day for up to eight years; all consumed oat 
products bought from general stores. Daily intake and long-term consumption of oats did 
not result in small-bowel mucosal villous damage, inflammation, or gastrointestinal 
symptoms. Oat-consumers had a significantly higher daily intake of fiber than those who 
did not use oats. Two thirds of celiac disease patients preferred to use oats in their daily 
diet. Even long-term ingestion of oats had no harmful effects. 
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1. Introduction 

Currently the only treatment for celiac disease is lifelong adherence to a strict gluten-free diet 
avoiding wheat-, rye-, and barley-derived prolamins. There is a large body of evidence to support the 
nutritional value [1–3] and safety of consumption of oats in the vast majority of both children and 
adults suffering from celiac disease and dermatitis herpetiformis [4–7]. There is, nevertheless, no 
consensus among scientists and nutrition experts as to whether oats can be unequivocally 
recommended for celiac patients [8–10]. One obvious concern is the safety of oats in long-term use. 
Even if products containing pure oats are nowadays on the market, many commercially available oat 
products are contaminated with wheat and barley during harvesting and milling processes [11,12]. 
Furthermore, some individuals may be intolerant even to pure oats, and case reports have shown that 
oat-intolerant celiac patients may have avenin-reactive T-cells in the small-bowel mucosa [13,14]. 
Oats has some wheat-like sequences in its protein structure, but as these are less frequent in oats than 
in other prolamins, it might take a considerably longer time to trigger a disease relapse [15]. 
Furthermore, limited data on the reasons for withdrawals among oat consumers in randomized trials 
implies some uncertainty [5,16,17]. Long-term follow-up studies on oats in celiac disease have been 
lacking, as the longest follow-up including small-bowel biopsies has been only five years [5]. 

Based on a statement from the scientific advisory board of the national Celiac Disease Society, 
consumption of oats has been allowed for celiac adults in Finland since 1997. The statement was 
extended in 1998 to apply to patients with dermatitis herpetiformis, and in 2000, also children. In 
consequence, about 70% of all celiac disease and dermatitis herpetifomis patients in Finland 
currently consume an oat-containing gluten-free diet [18]. In this cross-sectional study the aim was 
to assess the effects of long-term oat consumption on small-bowel mucosal villous morphology and 
inflammation and gastrointestinal symptoms in a series of celiac adults maintaining a strict 
gluten-free diet with or without oats. 

2. Methods 

2.1. Subjects 

Altogether, 110 long-term treated celiac disease adults were invited to participate in a health 
survey comprising a follow-up small-bowel biopsy and clinical and dietary evaluation at the 
Department of Gastroenterology and Alimentary Tract Surgery, Tampere University Hospital, 
Finland. Patients found to be adhering to a strict gluten-free diet were eligible. Oat consumption was 
not an inclusion criterion. At diagnosis all patients had had biopsy-proven celiac disease, and after 
one year on a gluten-free diet clinical, serological or histological recovery was evident in all. The 
patients had been followed up in primary health care and no further routine small-bowel biopsies had 
been taken during the usual long-term surveillance. The study protocol was approved by the Ethical 
Committee of Tampere University Hospital. All subjects gave written informed consent. 
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2.2. Dietary Assessment 

A detailed dietary analysis and a history of occasional or regular consumption of 
gluten-containing products, oats, and fiber were assessed by means of an interview by a trained 
dietician and by a four-day record of food intake [4]. The duration of oat intake was also recorded. 

2.3. Small-Bowel Mucosal Morphology and Inflammation 

Altogether, six small-bowel biopsy specimens were taken from the distal part of the duodenum  
upon esophago-gastroduodenoscopy; the specimens were evaluated by the same investigator without 
prior knowledge of history or findings. Three biopsies were formalin-fixed and embedded in 
paraffin; 5-½�-thick biopsy sections were stained with hematoxylin-eosin and studied under light 
microscopy. Morphometric analysis by measuring villous height and crypt depth ratio (Vh/CrD) was 
made in well-oriented biopsy samples as previously described [19], and Vh/CrD > 2 was considered 
normal. For immunohistochemical stainings, three biopsies were freshly embedded in optimal 
temperature compound (OCT, Tissue-Tec, Miles Inc., Elkhart, IN, USA), snap-frozen in liquid 
nitrogen, and stored at �!�� ¶|�� "�� � -½�-thick frozen sections, CD3+ intraepithelial lymphocytes 
(IELs) were stained with monoclonal antibody Leu-4 (anti Leu-4 also known as anti CD3, Becton 
������	
���~��
	���|���»~�`����¾�"*\	�^��#��
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���`��"*\	 were counted with a 100× flat-field light 
microscope objective in randomly selected areas of surface epithelium and the density of IELs 
expressed as cells/millimeter of epithelium as previously described [19]. The reference values were set 
at 37 cells/mm �
��|��¾�����������	�����
����¾������������
���'¾�"*\	���¤�� 

2.4. Gastrointestinal Symptoms and Clinical Evaluation 

Gastrointestinal symptoms were evaluated by the Gastrointestinal Symptom Rating Scale (GSRS) 
questionnaire, which is also well-validated in celiac disease [17,20–22]. The questionnaire 
comprises, altogether, 15 items in five subdimensions describing: diarrhea (increased passage of 
stools, loose stools, urgent need for defecation), indigestion syndrome (borborygmus, abdominal 
distension, eructation, increased flatus), constipation (decreased passage of stools, hard stools, feeling of 
incomplete evacuation), abdominal pain (abdominal pain, nausea, and vomiting), and 
gastro-esophageal reflux (heart burn, acid regurgitation). Each item was graded from one to seven, a 
higher score indicating more gastrointestinal symptoms. In earlier studies, 95% confidence intervals 
of GSRS total scores have been 1.8–2.2 in non-celiac controls [22]. The body mass index (BMI)  
was calculated as weight in kilograms divided by the square of height in meters (normal range: 
18.0–25.0 kg/m2). 

2.5. Serology and Chemical Analysis 

Serum IgA class endomysial antibodies (EmA) were determined using an indirect 
immunofluorescence method with human umbilical cord as substrate, and a dilution 1: ¡�� ^	�
considered positive [4]. Serum IgA-class tissue transglutaminase antibodies (tTG-ab) were 
investigated by enzyme-linked immunosorbent assay (ELISA) (Celikey®, Phadia, GmbH, Freiburg, 
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Germany); the result was classified as positive when ¡���� »�\�� ¦�

�� #��
��
���� ������ ^	�
measured using routine laboratory methods. 

2.6. Statistics 

Differences between patients consuming and avoiding oats were compared by Mann-Whitney U 
test or t-test, when appropriate. Data were given mainly as medians and range. Spearman’s 
coefficient was used for correlation studies. A p-value of <0.05 was considered statistically 
significant. All statistical testing was performed using SPSS version 16.0 (SPSS Inc., Chicago,  
IL, USA). 

3. Results 

At the beginning of the study, the dietician observed that four celiac disease patients had 
committed minor dietary transgressions less than once a month, and they were excluded from further 
studies. The remaining 106 treated celiac disease patients, adhering to a strict gluten-free diet, were 
deemed eligible. As shown in Table 1, altogether 70 (66%) out of the 106 treated celiac disease 
patients had preferred to consume oats in their otherwise strict gluten-free diet; 40 of them had taken 
oats for five years or more (up to eight years). All 70 patients used oat products purchased in local 
markets. The median daily intake of oats was 20 g, but 10 patients consumed 50–100 g per day. The 
clinical picture of celiac disease at diagnosis, age at study onset and the duration of the gluten-free 
diet were no different in patients who decided not to take oats from those favoring an oat-containing 
gluten-free diet, but oat consumers were more likely to have a family history of celiac disease (Table 1). 

Table 1. Demographic data and dietary history in 106 treated celiac disease (CD) patients. 

Characteristics No Oats n = 36 Oats n = 70 
Female (%) 25 (69%) 46 (66%) 

Median age at time of study (range), years 54 (36–73) 59 (24–81) 
Symptoms and signs leading to the diagnosis of CD, n (%)   

Abdominal symptoms 29 (81%) 61 (87%) 
Malabsorption, anemia, loss of weight 17 (47%) 47 (67%) 

Dermatitis herpetiformis 4 (11%) 9 (13%) 
Extraintestinal symptoms a 5 (14%) 11 (16%) 
Screening of risk groups b 2 (6%) 4 (6%) 

Family history of CD, n (%) 10 (28%) 42 (60%) c 
Median duration of gluten-free diet (range), years 10 (1–28) 8 (1–41) 

Median duration of oat consumption after the diagnosis of CD (range), years 0 5 (0.5–8) 
Median (range) daily intake of oats, g 0 20 (1–100) 

a Osteoporosis, arthritis, polyneuropathy, ataxia, mild memory disturbances, depression, anxiety, fatigue, 

fibromyalgia, enamel defects in permanent teeth, elevated liver enzymes; b Family history of CD, population 

screening; c p = 0.002 when compared to patients taking no oats; differences in sex, age, the difference between 

symptoms and duration of gluten-free diet was not statistically significant. 

Altogether, 30 out of 36 subjects avoiding oats were diagnosed to have celiac disease before  
oat-containing gluten-free-products were permissible for adults with celiac disease; thus, after the 
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diagnosis they all had been on a standard gluten-free diet without oats. Afterwards, one patients tried 
oats but he stopped using oats due to abdominal symptoms; the rest 29 did not want to start to 
consume oats again (partly do the fear of adverse effects). From the remaining six patients there were 
no data why they avoided oats. 

Small-bowel mucosal villous morphology was normal in 103 (97%) out of the 106 long-term 
treated celiac disease patients; two patients using, and one not using oats had abnormal villous 
structure. A high daily oat intake and a long duration of oat intake correlated with a better small-bowel 
���
	��À#�|������
������������¦`���#�����	����	�
�����
	����¾�"*\	�^�����
���������������^����
patients who did or did not consume oats (Figure 1C,D). Similarly, small-bowel mucosal CD3+ and 
$Ã¾�"*\��
���	������
���
�������̂ ��#��#����ly oat intake (r = 0.134, p = 0.170 and r = 0.167, p = 0.088, 
respectively) or the duration of oat consumption (r = 0.029, p = 0.773 and r = 0.043, p = 0.771, 
respectively). 

Figure 1. Small-bowel mucosal villous height crypt depth ratios in 106 treated celiac 
disease patients correlated with the daily oat intake (A) r = 0.251, p = 0.009 and the 
duration of oat consumption (B) r = 0.252, p = 0.012. Correlations between densities of 
��¾��ntraepithelial lymphocytes and daily oat intake (C), and between the cells and the 
duration of oat consumption (D) were not statistically significant (r = 0.152, p = 0.119 
and r = 0.132, p = 0.190, respectively). GFD = gluten-free diet. Black diamond = no oats. 
Open diamond = oat user. 

 

  

Based on GSRS total score, oat-consumers did not suffer more gastrointestinal symptoms than 
non-oat consumers (Figure 2A). In GSRS subdimensions, a higher oat intake and a long duration of 
oat intake correlated significantly with fewer complaints of indigestion (Figure 2B); there were no 
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significant differences in other subdimensions (data not shown). Daily fiber intake was significantly 
higher in celiac disease patients who consumed oats than in those who did not (p = 0.013; median  
18.1 g, range 7.6–50.9 g vs. median 15.8 g, range 6.0–23.3 g). None of the 13 patients with dermatitis 
herpetiformis suffered from cutaneous rash involvement; nine of the 13 were taking oats. BMI was 
no different between those treated celiac disease patients who did or did not consume oats (median  
25.5 kg/m2, range 19.2–33.0 kg/m2 vs. 26.6 kg/m2, range 19.0–34.6 kg/m2 p = 0.671). All treated 
celiac patients were negative for serum EmA- and tTG-abs (median 0.5 U/L, range 0–2.9 U/L). 
Blood hemoglobin levels did not correlate with the consumption of oats (data not shown). 

Figure 2. Gastrointestinal symptom rating scale (GSRS) total score correlated negatively 
with daily oat intake in 106 treated celiac disease patients (A) r = ��������p = 0.025, but  
not with the duration of oat consumption (r = �������� p = 0.101 [data not shown]). A  
high daily oat intake and a long duration of oat intake correlated with less indigestion  
(B) r = ��������p = 0.003 and r = ��������p = 0.037 [data not shown], respectively. Black 
diamond = no oats. Open diamond = oat user. 

  

4. Discussion 

In this large cross-sectional study we showed that in celiac disease long-term consumption of oats 
for up to eight years had no detrimental effect on symptoms, small-bowel mucosal villous 
morphology and inflammation, or on humoral response against tissue transgluatminase. In contrast, 
the mucosal morphology was even significantly better in subjects who had consumed oats in larger 
amounts or over a longer time-period than in those who did not take oats (Figure 1A,B). Our data 
confirm the results of an earlier five-year follow-up study in 23 celiac disease adults showing that the 
long-term ingestion of oats is safe [5]. 

Some studies have indicated that there is a subgroup of celiac patients who experience 
gastrointestinal symptoms more frequently on an oat-containing gluten-free diet than on a gluten-free 
diet without oats [4,14,16,17]. Flatulence and abdominal distension often occur soon after 
commencing an oat-containing diet, but in most cases the symptoms disappear gradually as 
consumption of oats continues [1]. This has been explained by an increased intake of fiber in oat 
products. Indeed, many non-celiac individuals develop similar symptoms when they suddenly start 
to consume oats [23]. In the current study celiac disease patients consuming oats, even up to 100 g 
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per day, experienced no more gastrointestinal symptoms than those taking less or avoiding oats. 
Interestingly, patients who ingested high amounts of oats and for longer periods experienced less 
indigestion (Figure 2). In our series there were no oat-intolerant celiac disease patients who had 
previously consumed oats but discontinued due to symptoms. According to the literature, such patients 
may exist, but usually the occurrence of symptoms has not been associated with small-intestinal 
mucosal damage or inflammation [4,17]. Earlier, a Norwegian research group demonstrated that  
some oat-intolerant celiac disease patients have oat avenin-reactive T-cells in the small-intestinal 
mucosa [13,14]. Altogether, it would appear that even if most celiac patients tolerate oats, there might 
be some who have to avoid it in order to maintain remission. Interestingly, it has recently been shown 
that oat immunogenicity may vary between different oat cultivars [24]. In the current study it was 
impossible to trace which cultivars were used, as the patients were able to use a wide range of 
commercial oat products from the market. This notwithstanding, the patients remained in clinical and 
histological remission. 

In the current study all celiac disease patients on an oat-containing gluten-free diet consumed 
ordinary oat products bought from general stores and meant for normal consumption. It has recently 
been shown that most commercially available oat products in both Europe and the United States are 
contaminated with wheat or barley, gluten levels ranging even from 200 to 8000 mg/kg (=ppm) when 
measured by the R5 antibody-based ELISA method [11,12]. The inevitable question is how to 
achieve a good clinical and histological response when consuming potentially gluten-contaminated 
oats. Firstly, in the long run, patients choose to consume relatively small doses of oats daily. If the 
product in question were contaminated even with 1000 ppm gluten, a daily consumption of 20 g oats 
would have resulted in no more than 20 mg gluten intake per day, an amount evidently tolerated by 
most celiac patients [25,26]. Secondly, according to earlier studies many oat products have been 
contaminated with barley [11]. There are only a few clinical studies on the toxicity of barley in celiac 
disease. Thirdly, the R5-ELISA method may overestimate barley contamination in oats, implying 
that in fact the oat products in question may have much lower contamination levels than reported [27]. 
It must also be considered that naturally gluten-free products, such as rice, corn, buckwheat, and soy 
may also be similarly contaminated with gluten [26,28]. Furthermore, there are studies showing that 
only 20%–73% of long-term treated patients adhering to a strict naturally gluten-free diet without 
oats evinced normal small-bowel mucosal villous architecture [29,30]. This implies that inadvertent 
gluten ingestion is not restricted to oats, but is also possible when consuming only products 
gluten-free by nature. Furthermore, it must be noted that a large number of long-term treated celiac 
disease patients had high numbers of ��+ IELs, irrespective of oats ingestion. Persistent 
small-bowel mucosal intraepithelial lymphocytosis proved here again to be a common finding in 
well-treated celiac disease patients [29,31]. Interestingly, our recent study suggested that oats might 
contribute to the duodenal lymphocytosis [31]. Nevertheless, when in that study, a lower cut of value 
25 IELs per 100 enterocytes was used for defining intraepithelial lymphocytosis, no association 
between oat consumption and lymphocytosis was found [31]. Altogether, compared to the findings 
in the earlier studies the patients in the present study had shown an excellent response to a strict 
gluten-free diet, even though they had consumed commercial oats for years. As pure oat products are 
nowadays available, consumption of ordinary, non-dedicated oat products (having potential risk of 
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being contaminated by gluten) is discouraged, especially if a celiac disease patient decides to 
consume high amounts of oats daily. 

5. Conclusions 

To conclude, long-term consumption of oats proved to be safe for celiac disease patients. Oats 
diversifies a gluten-free diet, and enhances its nutritional quality by increasing the intake of dietary 
fiber. When allowed, most celiac disease patients in this country prefer to consume some oats. Pure 
oat products with strictly controlled production systems are nowadays available endorsing their use 
more widely. Long-term regular follow-up of celiac disease patients is recommended; those using 
oats may safely be followed up similarly to non-users. 
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Abstract: A gluten-free diet (GFD) is currently the only available treatment for patients 
with celiac disease (CD). Several clinical trials have demonstrated that most celiac 
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patients can tolerate a medium-high quantity of oats without any negative clinical 
effects; however, the inclusion of oats in GFD is still a matter of debate. In this study, 
Italian children with CD were enrolled in a 15-month, randomized, double-blind, 
placebo-controlled multicenter trial. Participants were randomized in two groups 
following either A-B treatment (6 months of diet “A”, 3 months of standard GFD, 6 
months of diet “B”), or B-A treatment (6 months of diet “B”, 3 months of standard 
GFD, 6 months of diet “A”). A and B diets included gluten-free (GF) products (flour, 
pasta, biscuits, cakes and crisp toasts) with either purified oats or placebo. Clinical data 
(Gastrointestinal Symptoms Rate Scale [GSRS] score) and intestinal permeability tests 
(IPT), were measured through the study period. Although the study is still blinded, no 
significant differences were found in GSRS score or the urinary lactulose/mannitol 
(L/M) ratio between the two groups after 6 months of treatment. These preliminary 
results suggest that the addition of non-contaminated oats from selected varieties in the 
treatment of children with CD does not determine changes in intestinal permeability 
and gastrointestinal symptoms. 

Keywords: oats; celiac disease; gluten-free diet; intestinal permeability;  
gastrointestinal symptoms 

 

1. Introduction 

Celiac disease (CD) is an immune-mediated disorder, triggered in genetically susceptible 
individuals by ingested gluten, the alcohol-soluble complex present in wheat, rye, and barley. The 
clinical spectrum of CD is extremely variable, including (a) typical CD, with the classical features 
of intestinal malabsorption; (b) atypical CD (characterized by extra-intestinal manifestations); (c) 
silent CD, (occasionally found following serological screening in subjects who are asymptomatic); 
(d) potential CD, showing positivity of celiac serology associated with a normal (or nearly normal) 
intestinal mucosa at the small intestinal biopsy. The cornerstone of treatment is the lifelong 
exclusion of gluten-containing cereals from the diet, the gluten-free diet (GFD). 

Oats were originally excluded from the diet of people with CD. However, evidence supporting  
the toxicity of oats for CD individuals was poor. More recently, several studies have shown that  
medium-high amounts of gluten-uncontaminated oats can be safely ingested by patients with CD. 
In 1995, Finnish investigators compared the effect of 50–70 g/day of oats to placebo in 92 adults 
with CD on a GFD at diagnosis or in follow-up. They found no difference in clinical and laboratory 
outcomes and, more importantly, there was no sign of histological damage after 12 months of an 
oat-containing GFD [1]. These data have been replicated in other studies conducted in adults and 
children affected with CD or dermatitis herpetiformis [2–11], thereby confirming the safety of 
oat-based products for CD patients, provided that gluten contamination is avoided in the production 
chain. Recent studies suggest that some oats varieties may show a degree of residual toxicity in 
vitro, suggesting that there are differences between oat varieties in relation to their safety/toxicity 
for people with CD [12–16]. 



233 

 

Official recommendations acknowledge the safety of products containing purified oats, and 
several national associations for CD allow inclusion of oats in the diet of people with CD [17,18]. 
The European Commission Regulation No. 41/2009 has included oats among allowed ingredients 
when the gluten content does not exceed 20 parts per million (ppm). During the last years, 
thousands of CD patients have been consuming large amounts of oat-based products in Northern 
European countries and Canada without any reported major side effects. 

Oat is not a staple food in the diet of Mediterranean populations. This is probably the main 
reason why an oats “resurrection” in the GFD has not raised immediate interest in Southern 
European countries. In Italy, products containing gluten-uncontaminated oats are not currently 
available. This situation will hopefully change in the near future; rich in soluble dietary fiber, 
vitamins and minerals, the inclusion of oats unquestionably improves the nutritional value and 
increases the palatability of the GFD, while expanding food choices and ultimately improving the 
quality of life for people with CD [17]. 

For these reasons, we undertook a prospective, multicenter investigation on the safety and 
acceptance of gluten-free (GF) oat-based products from selected oat varieties in the diet of Italian 
CD children in treatment with the GFD. Clinical monitoring during the study was based on: (a) 
score of intestinal symptoms, (b) serological CD markers (IgA class anti-transglutaminase 
antibody), and (c) results of the double sugar intestinal permeability test (IPT), as a marker of 
mucosal integrity of the small intestine. In this work, we present the preliminary clinical and 
intestinal permeability results of this multicenter, placebo-controlled and double-blind study. 

2. Patients and Methods 

2.1. Study Population 

Children (age range: 4–14 years) with biopsy-proven diagnosis of CD, on a GFD for at least  
2 years, were recruited in 7 different Pediatric Gastroenterology Services in Italy (Ancona, Bari, 
Catania, Monza, Palermo, Roma, Cava de’ Tirreni). Patients who (1) have other chronic conditions 
(including type 1 diabetes or inflammatory bowel disease), or (2) did not adhere to the GFD (as 
demonstrated by elevation of serological markers at enrollment) or (3) were on a GFD for less than  
2 years were excluded. 

2.2. Study Design and Diets 

The protocol of the study is shown in Figure 1. 
Clinical data (gastrointestinal [GI] symptoms, growth data) and IPT by measurement of urinary 

lactulose/mannitol (L/M) ratio were monitored at 0, 3, 6, 9, 12 and 15 months. Serological  
(IgA-antitransglutaminase-TTG, IgG-deamidated gliadin peptide-DGP, and anti-avenin antibodies) 
and biochemical data were measured at 0, 6, 9, and 15 months. An accurate food diary was 
completed in the 3 days preceding each visit at 3, 6, 12 and 15 months. Symptoms and/or side 
effects related to the ingestion of the products under investigation were promptly recorded and the 
decision to continue or withdraw from the study protocol was made after discussion with the 
children and their families. 
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In this preliminary report, we describe the GI symptoms and IPT findings after 6 months of 
participation in this study. 

Figure 1. Flow-chart of the multicenter trial (t0: baseline, t3: 3-month follow-up,  
t6: 6-month follow-up, t9: 9-month follow-up, t12: 12-month follow-up, t15: 15-month 
follow-up; GSRS: Gastrointestinal Symptoms Rate Scale, IgA tTG: IgA class 
anti-transglutaminase antibody, IgG DGP: IgG class deamidated gliadin peptides 
antibody). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3. Methods 

The occurrence of GI symptoms was monitored through the Gastrointestinal Symptoms Rate 
Scale (GSRS) at 0, 3, 6, 9, 12 and 15 months. 

The IPT was performed as previously described [19]. After an overnight fast and bladder 
emptying, an oral solution containing 5 g of lactulose and 2 g of mannitol was administered. Urine 
was collected during the following 5 h. An aliquot was preserved at �20 °C with sodium azide. 
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Urinary excretion of each sugar was assessed using a high performance anion-exchange 
Chromatography (Dionex DX-500). The ratio of recovered to ingested sugar was reported as ratio 
of lactulose% to mannitol% (L/M). According to our own reference values, a urinary L/M ratio > 
0.08 was considered abnormal (data not published). All IPTs were performed in the Laboratory of 
the Department of Pediatrics, Università Politecnica delle Marche, Ancona. 

2.4. Ethics 

Patients and families received appropriate information and informed consent was obtained. The 
protocol was approved by the Ethical Committee of Università Politecnica delle Marche, Ancona. 
The trial was registered on www.clinicaltrials.gov (identifier: NCT00808301).  

2.5. Statistical Analysis 

Statistical analyses were performed using GraphPad Prism version 5 (GraphPad Software, San 
Diego, CA, USA). Non-parametric tests were used because variables were not normally distributed 
and did not have equal variance. Results are presented as median (interquartile range [IQR]). 
Differences between groups were assessed by the Mann-Whitney U test. The Wilcoxon matched 
pairs test was used to calculate the differences for pair data. A p value < 0.05 was considered 
significant. 

3. Results 

Overall, 306 children (group A-B: 154, group B-A: 152) were enrolled in the study (median age = 
9.62, IQR = 7.23–11.9 years). Patients’ enrollment was concluded in March 2013. Fifty-five out of  
154 patients enrolled in group A-B (35.7%) and 42/152 patients in group B-A (27.6%) dropped out 
from the study within the first 6 months of treatment (p = 0.14). One hundred-seventy one children 
received at least 6 months of treatment, 75 patients received A treatment (group A), and 96 
received B treatment (group B). Clinical and biochemical data from these subgroups were 
considered for the purpose of this preliminary analysis.  

Table 1 summarizes clinical and demographic characteristics of the study-group at enrollment. 

Table 1. Clinical and demographic features of children in group A and B at enrollment.  
M = males, F = females, IQR = interquartile range. 

 
Group A 
(N = 75) 

Group B 
(N = 96) 

p 

Gender distribution (M:F) 1:2.5 1:1.9 0.50 
Age at diagnosis Median (IQR) 3.48 (1.98–6.36) 2.84 (1.83–6.03) 0.38 

Age at enrollment Median (IQR) 8.76 (7.07–11.38) 9.35 (7.24–12.01) 0.54 
Duration of diet Median (IQR) 4.25 (2.11–6.04) 4.49 (1.25–6.55) 0.06 

GSRS score at enrollment Median (IQR) 3 (0–5.25) 2 (0–4.5) 0.36 
L/M at enrollment Median (IQR) 0.055 (0.030–0.083) 0.052 (0.026–0.088) 0.62 



236 

 

In both groups, a significant decrease in gastrointestinal symptoms was recorded through the  
6-months period (Figure 2), with no differences detected comparing the delta-GSRS score 
�Ä-GSRS score) between the 2 groups (Figure 3). 

Figure 2. GSRS score in group A and B at enrollment and after 6 months (median and 
IQR): in both groups a significant reduction in GI symptoms was observed. 

 

Figure 3. Change in GSRS score (Å-GSRS score, median and IQR) between t6 and t0 in 
the 2 groups. 

 

In both A and B groups, there was no significant change in urinary L/M ratio after 3 (data not 
shown) and 6 months of treatment (Figure 4). 
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Figure 4. Urinary L/M ratio in group A and B at t0 and t6 (median, IQR): in both groups 
no significant difference was observed after 6 months of treatment. 

 

Furthermore, comparing the 6-�
��#��#���� ����������\������
� �Ä-L/M), no difference was 
found between groups A and B, suggesting no relevant impact of a 6-month period of either oats or  
placebo-added GFD on the intestinal permeability test (Figure 5). 

Figure 5. Comparison between t6 and t0 urinary L/M values in groups A and B (Å���-t0, 
median and IQR). 
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Figure 6. Changes in L/M values (median, IQR) according to the 3 age classes, in 
groups A and B, respectively. 

 

4. Discussion 

In a large group of CD children that had not previously consumed oats, we found that the 
prolonged intake of a considerable amount of daily oats did not determine any relevant change in 
terms of clinical symptoms and intestinal permeability, even though the results were analyzed in a 
blind fashion. 

Gastrointestinal symptoms were evaluated using the GSRS, that is an interview-based rating 
scale consisting of 15 items, validated and widely used for assessment of GI symptoms both in 
adults and children [20–24]. In both groups, there was a significant reduction in GI symptoms 
during the 6-month period of observation. Such a finding could simply reflect the effect of “being 
enrolled in a trial.” The addition of non-contaminated oats from selected varieties in one of the two 
groups apparently had no impact on this clinical trend. Dyspeptic symptoms (described in other 
studies as related to the high amount of fiber in oats) were not recorded in our population. 
Although the number of dropouts was not significantly different in group A and B during the first 6 
months of dietary intervention, the final analysis of this study, including reasons for withdrawal, 
will clarify the possible impact of oats ingestion on GI symptoms. 

Besides a few exceptional cases reported in the literature [25], previous studies showed that the 
prolonged administration of oats does not induce any mucosal change at the intestinal level. Since 
performing repeated follow-up small intestinal biopsies was deemed unethical in our study, we 
evaluated the mucosal integrity by a non-invasive procedure, i.e., the IPT. The integrity of the 
intestinal barrier can be evaluated by the IPT, by quantifying the amount of orally administered 
substances recovered in urine. Mannitol (monosaccharide) and lactulose (disaccharide) are largely 
used as permeability probes due to their different intestinal permeability index. Mannitol is 
absorbed through enterocyte membrane’s pores (transcellular pathway), while lactulose is absorbed 
through tight junctions (paracellular pathway). Ratio between the percentage of lactulose and 
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mannitol excretion represents the permeability index that reflects the intestinal epithelium integrity. 
The non-invasive functional IPT is a sensitive tool for both triage of active celiac disease, as well 
as for monitoring celiac patients on a GFD [26]. In patients with active CD, a sugar “paradox” 
pathway is usually observed: the amount of urinary recovered mannitol is decreased due to the 
small intestine reduced absorptive surface (villous atrophy), while urinary recovered lactulose is 
increased because of damage of the TJs and consequent widening of paracellular spaces. For these 
reasons, an increased excretion disaccharide/monosaccharide ratio is the usual finding associated 
with CD damage of the small intestinal mucosa. In adults with CD, the IPT has been shown to be 
more sensitive than serological methods in monitoring patients during follow-up and detecting 
minimal changes related to gluten ingestion [27,28]. Conversely, the same test was not a reliable 
instrument to detect asymptomatic CD subjects in a mass screening project [29]. Furthermore, IPT 
did not perform optimally in two recent trials of larazotide acetate in measuring changes in 
intestinal permeability after a 14-day [30] or 6-week [31] gluten challenge. 

In our study, IPT was chosen as a non-invasive surrogate measure to detect minimal damages of 
the small intestinal mucosa at different time points. Thus far, no study has been performed to 
investigate the effects of prolonged oats ingestion on the intestinal permeability test in patients with 
CD. We did not find significant changes in urinary L/M ratio either in group A or B. This finding is 
����#��� 	���
�������� �#�� �
����	
��
�� �#��Ä� \��� ��� �#�� �^
� ��
��	�� ���� ������� �
� 	#
^����
difference between groups. However, the final results of our large study will give more information 
about the possible effect of oats ingestion on the results of the intestinal permeability. More data 
will also be available on the correlation between permeability indexes and serological CD markers. 

The daily amount of suggested intake of oats products was calculated to guarantee medium-high 
amounts of oats (up to 40 g/day for older children). Although it was not possible to analyze the data 
according to the amount of ingested oats, the evaluation of the IPT results in the three age groups 
(corresponding to the different quantity of study products suggested) again showed no significant 
differences between groups. Overall, the lack of changes in intestinal permeability suggests that the 
varieties of gluten-uncontaminated oats chosen for production of these oat-based items are safe. 
The sample analyzed for the purpose of this analysis represents more than 50% of the enrolled 
study group. However, this analysis has not considered the original cross-over design of the 
protocol. Such a limitation implies caution in the interpretation of the results. 

5. Conclusions 

The preliminary results of this investigation suggest that the oats varieties used for producing 
the gluten-uncontaminated products used in this study are safe when administered for a 6-month 
period of time. These preliminary conclusions are based on both clinical data and the results of a 
non-invasive test for intestinal mucosa barrier function (IPT). The final analysis of the data 
collected in this study will provide conclusive data on the safety and the acceptance of these 
oat-based products in Italian children in treatment with the GFD. 
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