Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2018

doi:10.20944/preprints201810.0324.v1

Peer-reviewed version available at Nutrients 2018, 10, 1777; doi:10.3390/nu10111777

Review

Evaluation of Efficacy and Adherence to GlutenFree Diet in Patients with Celiac Disease
Luis Rodrigo 1,*, Isabel Pérez-Martinez 2, Eugenia Lauret-Braña 3 and Adolfo SuárezGonzález 4 .
Gastroenterology Unit, Central University Hospital of Asturias (HUCA), Avda. de Roma s/n,
33011 Oviedo, Spain; lrodrigosaez@gmail.com
2 Gastroenterology Unit, Central University Hospital of Asturias (HUCA), Avda. de Roma s / n,
33011 Oviedo, Spain; ipermar_79@hotmail.com
3 Gastroenterology Unit, Central University Hospital of Asturias (HUCA), Avda. de Roma s / n,
33011 Oviedo, Spain; meugelb@hotmail.com
4 Gastroenterology Unit, Central University Hospital of Asturias (HUCA), Avda. de Roma s / n,
33011 Oviedo, Spain; adolfo.suarez@hcabuenes.es
1

* Correspondence: lrodrigosaez@gmail.com; Tel.: + 34-985-23-44-16

Abstract: Celiac disease (CD) is a genetically conditioned autoimmune process that appears in
susceptible people. It can affect people of any age, and slightly predominates in females. It has
a fairly homogenous global distribution, with an average prevalence of 1-2%, the frequency
having increased in recent decades. The only effective treatment is a strict and permanent
gluten-free diet (GFD), although the level of compliance with it is poor, at about 50% of cases.
To monitor the effectiveness of the GFD, several procedures involving various approaches are
employed: a) periodic interviews by nutritionists; b) clinical follow-up; c) serological controls
of specific antibodies; d) endoscopies with collection of duodenal biopsies; e) structured
questionnaires; f) determination of gluten peptides derived from gluten in feces and/or urine.
All of these procedures are useful when applied, alone or in combination, depending on the
cases. Some patients will only need to consult to their doctors, while others will require a
multidisciplinary approach to assess their compliance with the GFD. In children, normalization
of duodenal mucosa was achieved in 95% of cases within 2 years, while it is more delayed in
adults, whose mucosa take longer to heal completely.
Keywords: celiac disease; gluten-free diet; effectiveness; adherence; nutritionists; clinic;
serology; duodenal biopsies; structured questionnaires; peptides derived from gluten in feces
and urine.

1. Introduction
Celiac disease (CD) is defined as a systemic autoimmune process that appears as a
consequence of a permanent intolerance to gluten and that affects genetically predisposed
people. It is widely, although unevenly, distributed throughout the world, affecting all
ethnicities, with an average prevalence of 1-2% in the general population, its frequency having
increased notably in recent years [1].
A gluten-free diet (GFD), followed strictly and permanently throughout life, is the only
currently available treatment that successfully controls most cases of this disease. It is
remarkably effective in the vast majority of the cases, producing a significant clinical
improvement not only in digestive symptoms, but also in the extra-intestinal symptoms
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associated with CD, causing its progressive disappearance, and the associated slow and
sustained decrease in intestinal lesions [2,3].
Permanent adherence to a GFD is difficult, and largely unnoticed but repeated
transgressions, as well as frequent contaminations may occur, all of which delay patient
recovery in some way. This was confirmed in a meta-analysis published in 2018 [3]. If the
transgressions are frequent, various types of associated long-term complications may appear,
including a variety of malignancies [4].
Physicians involved in the management of CD should insist strongly that compliance with
the GFD is fundamental and is the cornerstone of the success of this treatment. They need to
explain this concept convincingly to the patients, as well as the main features of the GFD, with
the greatest possible clarity and simplicity at the time of diagnosis.
It has not yet been well established which person or doctor who should carry out the
follow-up to confirm the adherence to the GFD: it could be the gastroenterologist, the primary
care physician, or an expert dietician [5]. Clinical control by family physicians and
gastroenterologists is considered very similar, in the sense of them being able to achieve high
rates of adherence to GFD [6].
The available evidence indicates that consulting with a dietician can be useful, especially
when gluten contamination is suspected. However, joint monitoring by a dietician and a doctor
may not be better than the control that either one can offer separately [7]. The final decision
will depend, not only on the availability of an expert dietician in different centers, but also on
the collaboration that exists between the gastroenterology services and primary care
physicians.
Patient associations or support groups can provide help with trying to achieve proper
compliance with the diet. These associations offer detailed information about the importance
of a strict GFD and answer all questions related to the characteristics of gluten-free foods and
different recipes. They also organize regular meetings, during which patients can share
information about CD with other patients and thereby improve compliance with their diet [8].
In general, it is reckoned that fewer than 50% of patients, mainly those from the adult
celiac population, manage to keep strictly to a GFD. Generally, better dietary adherence is
achieved (in 90-95% of cases, on average) in the pediatric population, or in those people whose
disease is diagnosed in early childhood [9].
2. Control of the follow-up of the GFD
Compliance with the GFD can be evaluated through different approaches, and various
health professionals may participate or collaborate to carry this out, in line with the following
study procedures:
1.
2.
3.
4.
5.
6.

Periodic controls by an expert dietician
Regular consultations with a gastroenterologist/family doctor
Structured questionnaires
Regular control of specific serum antibody titers
Serial endoscopies with duodenal biopsies
Determination of peptides derived from gluten in feces/urine

2.1. Periodic interviews conducted by dieticians
The dieticians are the health professionals best placed to assess the degree of compliance
with the GFD. They should try to participate and collaborate actively in the follow-up of celiac
patients, whenever possible maintaining a close collaboration with nutritionists and

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2018

doi:10.20944/preprints201810.0324.v1

Peer-reviewed version available at Nutrients 2018, 10, 1777; doi:10.3390/nu10111777

gastroenterologists, ideally carrying out their task during the same visit and, as far as is
practicable, simultaneously in the same consulting room.
However, many patients tend to have consultations only with their gastroenterologist or
family doctor, and these are also effective at achieving strict adherence to the GFD. On the other
hand, patients with more complex needs will require a multidisciplinary approach, including
various medical specialists, to assess their associated diseases and their compliance with the
GFD.
2.2. Evolutionary clinical follow-up
The disappearance or improvement of symptoms might not seem a very accurate method,
although an indicative one, for trying to evaluate adherence to the GFD during a consultation
with the doctor. This evaluation can be done either by the gastroenterologist who diagnosed
the patient, or by the family doctor who controls their evolution, facilitating their outpatient
visits, reducing the number trips to the hospital and generally shortening the wait.
The lack of improvement with the GFD, or the persistence of symptoms, are generally
related to irregular or poor dietary compliance, or, clearly, with continued gluten consumption
[10]. The main cause, in addition to any frequent transgressions, is the inadvertent intake of
gluten. This is mainly due to "cross-contamination", which arises from eating at a table with
other people who eat bread or other wheat products and who often inadvertently drop small
fragments of foods that have been contaminated with flour residues during their preparation
or handling, etc. It may also be due to the "hidden gluten" that is present in some products that
are not adequately labeled [11,12]. People with a basic elementary education and/or with little
understanding of how to follow a GFD, or who have little motivation, often believe that they
are following the diet strictly, although in practice, they are frequently making mistakes [13].
The follow-up and control visits serve to assess the improvement in the initial symptoms
and to collect evidence of new ones. On many occasions at the time of diagnosis there is an
overlap of the patient's discomfort with the symptoms of irritable bowel, which, naturally, do
not improve with the implementation of a GFD, unlike the case in many celiacs [14]. The
persistence of previous symptoms, or the appearance of new ones, may be related to CD itself,
to a complication that has arisen, or to the presence of a new, associated disease.
A series of alarm symptoms have been described, such as the rapid deterioration in the
general state of health, accompanied by striking weight loss, the presence of high fever, serious
diarrhea, or signs of intestinal obstruction, all of which require an exhaustive clinical and
analytical study to be carried out in search of important associated complications, such as an
evolution towards refractory forms of the disease, or the development of primary intestinal Tcell lymphoma [15-17].
CD usually presents a broad spectrum of related symptoms, not only digestive, but also
extra-intestinal. It has a clear predominance in females compared with men, with an average
ratio of 2:1 in most series described. It is more prevalent in adults than in children. Children
are more likely to exhibit typical symptoms along with a higher frequency of villous atrophy
(VA) and higher antibody titers related to tissue transglutaminase (tTG) than in adults. Delay
in diagnosis is also less in children than in adults in general. Curiously, this pattern is more
evident in children under 3 years of age, and the differences between all other age groups
decrease, or disappear with age, such that adolescents behave like adults in all the aspects
discussed [18].
Children may have reduced bone mass at the time of diagnosis. However, they are more
likely than adults to achieve a full recovery of their bone mass, 6-12 months after the starting
on their GFD. Generally, it is not necessary to perform bone mineral densitometry (BMD)
explorations in pediatric patients who have been newly diagnosed with CD without
complications. It is recommended to monitor the weight and height of children regularly, at
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every visit, in order to evaluate them properly, and to try to help them attain normal growth
and skeletal development [19].
The main cause of a drop in BMD in CD patients is probably vitamin D deficiency, but it
may arise for other reasons. However, the risk of fractures in patients with CD is not very high,
and the predictive value of the systematic performance of BMD is not sufficient to identify
individuals at high risk of fractures. It seems reasonable to measure BMD periodically in adult
patients with CD, especially in those with a high risk of osteoporosis, such as in postmenopausal women, men older than 55 years, and people known to have osteopenia prior to
the diagnosis of CD [20]. Further studies are needed to establish the true efficacy and costeffectiveness of the periodic performance of BMD, in all adult patients with CD at the time of
diagnosis, and to identify the frequency of follow-up with which this exploration should be
carried out [21].
Autoimmune diseases are frequently associated with CD and can appear at any time
during the follow-up, especially in adults, with a clear predominance in females. Physicians
should be aware of the possible related autoimmune diseases and other illnesses associated
with CD, so they can detect them systematically and early during follow-up visits [22].
CD is associated with many and varied diseases with which it often shares a genetic base.
Diabetes mellitus type 1 (T1DM) is one such disease, which occurs particularly frequently in
children. Many of them present it in a silent or oligo-symptomatic way, for which reason, it is
recommended to perform an annual follow-up screening for the presence of associated CD in
children with T1DM, since its average prevalence is high, occurring in 5-10% of juvenile
diabetic patients [23]. T1DM is diagnosed in 90% of patients before CD is confirmed [24].
Patients with T1DM and symptoms associated with CD show clear clinical improvement
overall when they follow a GFD. Increases in the rate of growth and in hemoglobin levels are
often observed in these children. There is an improvement in control of diabetes mellitus, as
confirmed by the reduction in the frequency of hypoglycemic episodes and the reduced daily
need for insulin [25-27].
There is also an increased risk of developing non-Hodgkin lymphoma in individuals with
relatives affected with CD. The same may be said about the presence of various associated
neurological diseases, above all cerebellar ataxia [28,29].
It is highly recommended and mandatory to carry out screening studies for CD in first
and second grade relatives, especially if they present clinical symptoms. The index case must
be informed about this family risk and its implementation is recommended for all first-and
second-degree relatives [30, 31].
The periodic determination of a series of laboratory tests is very important, in order to be
able to detect the presence of nutritional deficiencies and the development of diseases and
associated complications. The basic laboratory tests that should be done at each visit include,
amongst others, a complete hemogram with a full count of the three series and with leukocyte
formula, blood glucose, cholesterol and triglycerides, measurements of levels of iron,
transferrin, ferritin, vitamin B12, folates, calcium, alkaline phosphatase, and liver function tests.
Likewise, the serum levels of thyroid stimulating hormone (TSH), antithyroid antibodies
and levels of dihydroxyvitamin D should be determined in case they exhibit an associated
deficiency. This will be complemented with the determination of the antibody titer against
deamidated gliadin peptides (DGPs) of the IgA type and/or the tTG, also of the IgA type, and
occasionally by determining the endomysial antibodies (EMAs) [31].
Women of childbearing age must be checked regularly by their gynecologist, especially
those presenting menstrual disorders, infertility problems, or those who have a history of
recurrent miscarriages [32].
Hypersplenism can affect more than a third of adult patients with CD, but it is not a
complication in pediatric patients. The incidence of hyposplenism is correlated with the
duration of pre-exposure to gluten and is higher in concomitant autoimmune disorders and
,
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premalignant conditions. Based on these associated factors, the function of the spleen can be
determined in a select group of adult patients with CD and a previous history of associated
major infections or episodes of thromboembolism [33].
The count of red blood cells with small surface irregularities (marks or notches) is a useful
diagnostic tool, involving a precise, quantitative and low-cost method. The conjugated protein
vaccines should be administered to patients with significant hyposplenism, defined as more
than 10% of erythrocytes with irregularities on their surface or fewer than 10% of IgM memory
type B cells [34].
2.3. Structured questionnaires
Structured short questionnaires are used as an alternative to consultations with a dietician
to obtain a rapid assessment of the adherence to the GFD. It is easy to complete this type of
questionnaire in the patient’s usual clinic. The responses are highly correlated with antibody
levels and the presence of VA in duodenal biopsies and useful for monitoring. In general,
questionnaires are easy to administer and often complement each other. They not only assess
the quality of life, in a general or specific way, but also are able to estimate the changes
occurring after the follow-up of the GFD. However, all of them must be validated in different
countries and diverse clinical contexts before they can be applied and come into general use.
Leffler et al. have developed a simple questionnaire to assess adherence to GFD in adults with
CD. It consists of seven structured questions about compliance and is scored on a Likert scale
from 1 to 5, so that summing the values obtained gives an overall score from 7 to 35. Values
less than 13 are considered to show good compliance, while those over 17 represent
intermediate or low adherence. It is easily applied and is a very useful tool that can be included
as part of the monitoring of adult patients, but not of children [35].
2.4. Periodic evaluation of serum antibody levels
Levels of antibodies circulating in the blood, which are usually used to diagnose CD,
including DGPs and tTG, are related to the levels of gluten consumed. It is expected, therefore,
that there will be a decrease in their titers a few weeks or months after a strict GFD is initiated.
The sustained or sporadic consumption of foods containing gluten increases these values and
thereby the persistence of high levels of gluten-related antibodies, suggests a lack of adherence
to GFD [36].
Periodic serological tests for PDGs and/or tTG may be useful for controlling the degree of
compliance with a GFD [37]. However, the normalization of antibody titers cannot identify the
existence of small dietary transgressions, so its use is limited to indicating a lack of compliance,
but is of no value for evaluating whether there is strict adherence to the GFD.
The diagnostic accuracy of the various commercial reagents used is lower in clinical
practice than the values reported in the medical literature in general, especially in the patients
with mild VA or those with patchy lesions.
A collaborative multinational study revealed a high variability in levels of tTG, which is
very marked with respect to diagnostic sensitivity (ranging from 69 to 93%), and somewhat
less in terms of specificity (from 96 to 100%), among the twenty participating laboratories. This
once again demonstrates the need for better standardization of the various techniques available
for determining the tTG antibodies [38-41].
CD is often diagnosed in adults even when the values of positive antibody are very low
(5-10% according to various series), or even zero, especially in cases that present with
lymphocytic enteritis but not VA. The serology of such cases is entirely without value for
monitoring because the levels of antibodies present at the start of the GFD are normal [42-44].

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2018

doi:10.20944/preprints201810.0324.v1

Peer-reviewed version available at Nutrients 2018, 10, 1777; doi:10.3390/nu10111777

This does not usually occur in children, who, in most cases, have very high titers. Levels
of tTG more than 10 times the normal value indicate the existence of significant VA. In these
cases it is not considered necessary to perform duodenal biopsies in order to confirm the
diagnosis of CD, as recommended in the new criteria drawn up by experts of the European
Society of Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN), which were
published in 2012 [45].
Subsequent follow-up studies have confirmed the safety and efficacy of this diagnostic
strategy for children. It is recommended following a diagnosis based on raised levels of tTG, if
it is confirmed by a positive determination of AEM in a second blood sample, and the presence
of at least one symptom indicative of CD. This could avoid unnecessary risks and the costs
related to endoscopy in at least 50% of the children worldwide who present with CD. Carrying
out genetic studies to determine related HLA-II markers (HLA-DQ2 and DQ8) is not essential
for obtaining a safe diagnosis [46].
The evaluation of antibody titers in these cases is a good, and indeed the only currently
available method of monitoring. It is recommended that titers be measured every six months.
Most children presenting with CD exhibit a gradual, progressive and continuous decrease in
titers over time, their values becoming normalized within 1-2 years of starting the GFD.
2.5. Periodic endoscopic controls with taking of duodenal biopsies
CD exhibits marked differences in children and adults, not only at the time of diagnosis,
but also in the degree of response to the GFD and in their histological recovery. These are
clearly higher in children (95% on average) than in adults (50%) after two years of monitoring
[43,44].
Examining the histology of the small intestine continues to be the best procedure for
evaluating with certainty the healing of the intestinal mucosa. Complete recovery from VA
confirms that the GFD has been followed strictly and effectively, independently of the
evolution of the serological titers of the antibodies, or of the symptoms that the patients present.
Intestinal biopsies taken during follow-up are important in adults who have persistent VA,
even in the absence of symptoms and with negative serology [47].
Adult patients are usually less symptomatic than children, most of them exhibiting
atypical forms of the disease. For this reason, clinical-based monitoring is not usually of much
value. Changes in serology are also not very marked, so the best way of assessing the
effectiveness of the GFD is to perform periodic duodenal biopsies. These are not needed for
children, because, in most cases, they achieve complete mucosal recovery earlier than do adults
[48].
The guidelines published by the American College of Gastroenterology (ACG) include the
recommendation to perform follow-up duodenal biopsies in adults, two years after the start of
the GFD, in order to assess mucosal healing. However, its implementation is not recommended
as a routine procedure for children [2]. Clinical guides published by the British Society of
Gastroenterology are less demanding and suggest that there is little evidence to determine
whether the clinical results differ significantly depending on the result of repeated biopsies. In
the absence of results of a cost-benefit analysis of repeated biopsies and the lack of prospective
studies in this regard, they postulate that follow-up biopsies are not generally necessary for
asymptomatic patients who are successfully following a GFD and for whom there are no data
to suggest an increased risk of developing VA-related complications [49].
One of the benefits of carrying out repeated biopsies in adult patients with CD is the ability
to separate patients into two groups: those whose mucosa recovers completely and who can be
monitored with less strict controls, and those with persistent VA, who require more frequent
clinical control. It is clear that the persistence of VA is generally associated with a higher
frequency of complications related to CD and adverse medium- and long-term outcomes.
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Even patients who have persistent mild forms of lymphocytic enteropathy (Marsh I type
or duodenal lymphocytosis) while following a GFD can also present nutritional deficiencies or
complications. It takes 2-5 years for the mucosa of adult celiac patients with AV in their biopsies
to recover. Therefore, the control biopsies can be programmed for adult patients over that
period, taking into account that it is better to carry them out after the third or fourth year after
initiation of the GFD to avoid too many unnecessary repetitions (50).
Mucosal recovery is defined, from the histological point of view, as the reestablishment of
the normal height of the intestinal villi, taken as a ratio of villus height to crypt depth of at least
3:1. according to what is observed when comparing with non-celiac subjects. Monitoring the
intra-epithelial lymphocyte count was not considered appropriate, because it is not exclusively
related to gluten consumption, since it can also have other causes (51).
In 2010, Rubio-Tapia et al. described the results of a retrospective follow-up study with
repeated biopsies in a large series of 241 adult patients with CD and VA at diagnosis. They
reported that mucosal recovery in their patients was 34% (95% CI: 27-40%) at 2 years and 66%
(95% CI: 58-74%) at 5 years. However, most of the patients (82%) presented a clinical
improvement that was not significantly correlated with the recovery of the mucosa (p = 0.7),
unlike the serological response, which did have a significant association (p = 0.01) [52].
In the same study, poor compliance with the GFD (p < 0.01), the presence of a severe CAD
diagnosis, defined by the intensity of diarrhea and weight loss (p < 0.001), and complete VA at
the start (p < 0.001), were significantly correlated with a lack or delay of mucosal recovery.
There was a nearly significant association between the disappearance of VA and a reduction in
all-cause mortality (hazard ratio (HR) = 0.13, 95% CI: 0.02-1.06, p = 0.06), adjusted for age and
sex. The authors recommended that most adults with CD should be followed up by endoscopy
and periodic biopsies [52].
In another study, conducted by Lebwohl et al., published in 2013, the authors tried to
establish whether there is an association between the presence of AV and increased mortality.
They studied a series of 7,648 patients with CD for a mean follow-up time of 11.5 years. 3,317
(43%) of them had persistent atrophy. There were 606 deaths (8%) in the entire series. Patients
with persistent VA had no greater risk of mortality than those with normal mucosa (HR = 1.01;
95% CI: 0.86-1.19). This pattern was the same for children and adults, including patients older
than 50 years of age. However, follow-up biopsies are useful for confirming diagnoses or in
cases of refractory CD [53].
The endoscopic capsule does not play any role in the follow-up of mucosal lesions in CD,
since it does not allow biopsy samples to be taken. However, it is of use for detecting
complications, especially when the appearance of an intestinal lymphoma or hemorrhages of
unknown origin is suspected [54].
2.6. Determination of peptides derived from gluten in feces and urine
Although the importance of controlling the follow-up of the GFD for effectiveness is
clearly accepted by everyone, there are currently no unanimously accepted clinical guidelines
that guarantee the results, nor are there adequate procedures to assess the adherence of the
patients to the diet, and the transgressions that occasionally occur. Serological tests are very
sensitive and specific to a diagnosis, but their effectiveness decreases with follow-up and they
are not able to provide an adequate evaluation. It is difficult to ensure that repeated
endoscopies are conducted, since they are inconvenient and invasive tests, so their application
in practice is complicated. Recently, immunogenic gluten peptides (IGPs) have been identified
that can be determined from feces and urine. These have been proposed as simple, noninvasive markers, to be measured when frequent transgressions and/or contamination of the
GFD are suspected. Their determination is simple and represents a new tool with which to
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determine compliance with the GFD objectively, at any time during the follow-up of patients
with CD who are receiving treatment [55].
Several prospective studies have been carried out that have confirmed the efficacy of the
determination of IGP in feces. In a Spanish study of 188 patients with CD who were on a GFD,
Comino et al. found that 56 patients (29.8%) had high levels of IGPs in their feces, and that
there were significant associations with age (39.2% over 13 years) and gender (a predominance
of males in this evaluation). However, they found no correlation with antibody levels, or with
the responses to the dietary questionnaires administered [56].
The determination of levels of IGPs in urine has been equally useful and simple as a way
of monitoring the adherence of patients to the GFD. A highly effective lateral flow technique is
used to detect the presence of the monoclonal antibody G12, which is the most immunogenic
within the group of IGPs. This same procedure can be applied to the determination of the
gluten content in food and in some beverages, such as beer [57,58].

3. Refractory celiac disease
Refractory celiac disease (RCD) is defined as the presence of persistent or recurrent
symptoms of CD, accompanied by signs of malabsorption, with continued VA, despite the
patient following a strict GFD for more than 1 year, in the absence of other complications, such
as intestinal lymphoma. It is rare, affecting 1-2% of adult patients with CD and is divided into
two categories: type I and type II [59,60].
In type I RCD, the lymphocyte infiltration of the mucosa of the small intestine is similar
to that found in patients with CD before treatment with the GFD. In contrast, in type 2 RCD,
the CD3 (+) intraepithelial lymphocytes present an abnormal immunophenotype, with a lack
of expression of surface cells with CD8 (+) markers and that also feature oligoclonal or
monoclonal type growth.
Their differences are not only immunophenotypic, but also involve their clinical behavior,
their response to medical treatment, and their prognosis. Type 1 RCD is the more frequent (6080% of cases), and it responds better to treatment and has a better prognosis, while type 2 is
the opposite, responding poorly to various treatments, being associated with a high frequency
of intestinal lymphoma, and with greater mortality [61-63].
In a recent study of 57 patients who presented with RCD, in which immunosuppressive
treatments had failed in more than half of the cases, oral treatment with budesonide in open
capsules, dissolving their contents in apple juice at a dose of three 3-mg capsules per day,
produced significant clinical improvement in 93% of cases, and histological improvement in
89% of cases, of both types [64].
Follow-up of both types of RCD should be frequent and complete, multidisciplinary, and
based mainly on the findings of duodenal biopsies. These should be performed at regular
intervals and with general examinations to rule out associated complications.
4. Indicative timetable for conducting the evaluations
Once the diagnosis of CD has been confirmed and the treatment with GFD explained in
depth by the gastroenterologist and the nutritionist, it is recommended to draw up a schedule
of periodic review visits every 6 months during the first year, to evaluate the overall response
to the GFD. This will be done from the clinical point of view, as well as from an analytical and
serological perspective. In principle, it is not considered necessary to repeat the duodenal
biopsies during the first year because, with a few exceptions, they are of little use.
After the first year, if the symptoms persist, the antibody titers remain elevated or if poor
adherence to the GFD is confirmed, the possibility that the patient has RCD may be considered,

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2018

doi:10.20944/preprints201810.0324.v1

Peer-reviewed version available at Nutrients 2018, 10, 1777; doi:10.3390/nu10111777

in which case the surveillance and controls should be increased, applying the specific protocols
of each hospital or the currently available clinical guidelines.
If this eventuality has been ruled out, and it is considered worthwhile to evaluate mucosal
healing in adult patients, a control endoscopy can be arranged, with a biopsy taken after the
third year of follow-up. In children, it is not considered necessary to perform provocation tests
or duodenal control biopsies.
5. Conclusions
In clinical practice, CD that presents with digestive and/or extra-intestinal symptoms, but
can also be oligo-symptomatic or occur in a silent way, is usually suspected from the finding
of a positive serology and is confirmed by performing duodenal biopsies.
The effectiveness of compliance with the GSD by celiac patients can be monitored by a
nutritionist or dietician through the repeated administration of questionnaires. However, these
are not always available in all centers.
It must also be principally clinical, when the disappearance of the symptoms is evident, a
significant improvement having been achieved. However, this is not sufficient for the other
cases. Serological controls are only effective when the basal levels of the related antibodies are
very high, but they are not useful when changes are small.
Carrying out periodic duodenal biopsies is useful but has the disadvantage of being an
invasive procedure and, like serology, is more useful in cases with significant VA and that are
not associated with clinical improvement or serological changes.
Finally, determination of the IGPs in isolated samples of feces or urine has proved useful
for controlling transgressions of the GFD.
However, some of these processes must be employed in order to monitor and encourage
patient compliance and to rule out possible any associated shortcomings and/or the appearance
of new complications.

Supplementary Materials: None

Author Contributions: All the authors contributed equally and substantially to the work. All of them
fully reviewed the final version of the manuscript.

Funding: This research received no external funding

Acknowledgments: None

Conflicts of Interest: The authors declare no conflict of interest.

References

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2018

doi:10.20944/preprints201810.0324.v1

Peer-reviewed version available at Nutrients 2018, 10, 1777; doi:10.3390/nu10111777

1. Lohl, S.; Mustalahti, K.; Kaukinen, K.; Laurila, K.; Collin, P.; Rissanen, H.; Lohi, O.; Bravi, E.;
Gasparin, M.; Reunanen, A.; et al. Increasing prevalence of coeliac disease over time. Aliment. Pharmacol.
Ther. 2007, 26, 1217–1225.
[PubMed: 17944736]
2. Rubio-Tapia, A.; Hill, I.D.; Kelly, C.P.; Calderwood, A.H.; Murray, J.A., American College of
Gastroenterology. ACG Clinical Guidelines: diagnosis and management of celiac disease. Am. J.
Gastroenterol. 2013, 108, 656-676 , quiz 77.
[PubMed : 23609613]. PMCid:PMC3706994]. http://dx.doi.org/10.1038/ajg.2013.79
3. Hall, N.J.; Rubin, G.; Charnock, A. Systematic review: adherence to a gluten-free diet in adult patients
with coeliac disease. Aliment. Pharmacol. Ther. 2009, 30, 315-330.
[PubMed:19485977] . http://dx.doi.org/10.1111/j.1365-2036.2009.04053.x
4. Syage, J.A.; Kelly, C.P.; Dickson, M.A.; Ramirez, A.C.; Leon, F.; Dominguez, R.; Sealey-Voyksner. J.A.
Determination of gluten consumption in celiac disease patients on a gluten-free diet. Am. J. Clin.
Nutr. 2018, 107, 201-207.
[PubMed: 29529159]. doi:10.1093/ajcn/nqx049.
5. Han, Y.; Chen, W.; Li, P.; Ye, J. Association between coeliac disease and risk of any malignancy and
gastrointestinal malignancy: A meta-analysis. Medicine. 2015, 94, e1612.
[PubMed: 26402826]. doi: 1010.1097/MD00000000001612.
6. Haines, M.L.; Anderson, R.P.; Gibson, P.R. Systematic review: The evidence base for long-term
management of coeliac disease. Aliment. Pharmacol. Ther. 2008, 28, 1042-1066. [PubMed:18671779].
http://dx.doi.org/10.1111/j.1365-2036.2008.03820.x
7. Kurppa, K.; Lauronen, O.; Collin, P.; Ukkola, A.; Laurila, K.; Huhtal, H.; Mäki, M.; Kaukinen, K.
Factors associated with dietary adherence in celiac disease: A nationwide study. Digestion. 2012, 86,
309-314.
[PubMed:23095439].DOI:10.1159/000341416.http://dx.doi.org/101159/000341416.
8. Simpson, S.; Thompson, T. Nutrition assessment in celiac disease. Gastrointest. Endosc. Clin. N. Am.
2012, 22, 797-809.
[PubMed:23083994]. http://dx.doi.org/10.1016/j.giec.2012.07.010
9. Penagini, F.; Dilillo, D.; Meneghin, F.; Mameli, C.; Fabiano, V.; Zuccotti, G.V. Gluten-free diet in
children: an approach to a nutritionally adequate and balanced diet. Nutrients. 2013, 5, 4553-4565.
[PubMed : 24253052]. doi:10.3390/nu5114553.
10. Hogberg, L.; Grodzinsky, E; Stenhammar, L. Better dietary compliance in patients with coeliac disease
diagnosed in early childhood. Scand. J. Gastroenterol. 2003, 38, 751-754.
[PubMed : 12889562]. http://dx.doi.org/10.1080/00365520310003318
11. Simpson, S.; Thompson, T. Nutrition assessment in celiac disease. Gastrointest Endosc Clin N Am. 2012,
22, 797-809.
[PubMed : 23083994]. http://dx.doi.org/10.1016/j.giec.2012.07.010
12. See, J.A.; Kaukinen, K.; Makharia, G.K.; Gibson, P.R.; Murray, J.A. Practical insights into gluten-free
diets. Nat. Rev. Gastroenterol. Hepatol. 2015, 12, 580-591.
[PubMed: 26392070]. doi:10.1038/nrgastro.2015.156.
13. Rostom, A.; Murray, J.A.; Kagnoff, M.F. American Gastroenterological Association (AGA) Institute.
Technical review on the diagnosis and management of celiac disease. Gastroenterology. 2006, 131, 19812002.
[PubMed: 17087937].
14. Sapone, A.; Bai, J.C.; Ciacci, C.; Dolinsek, J.; Verde, P.H.; Hadjivassiliou, M.; Kaukinen, K.; Rostami,
K.; Sanders, D.S.; Schumann, M.; et al. Spectrum of gluten-related disorders: consensus on new
nomenclature and classification. BMC. Med. 2012, 10, 13.
[PubMed: 329244]. PMID 22313950.
15. Makharia,A.; Catassi, C.; Makharia , G.K. The overlap between irritable bowel syndrome and nonceliac gluten sensitivity: A clinical dilemma. Nutrients. 2015, 7, 10417-10426. [PubMed:26690475]. doi:
10.3390/nu7125541.
16. Dewar, D.H.; Donnelly, S.C.; McLaughlin, S.D.; Johnson, M.W.; Ellis, H.J.; Ciclitira, P.J. Celiac disease:
management of persistent symptoms in patients on a gluten-free diet. World J. Gastroenterol. 2012, 18, 13481356.
PubMed: [22493548]. PMCid:PMC3319961. http://dx.doi.org/10.3748/wjg.v18.i12.1348

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2018

doi:10.20944/preprints201810.0324.v1

Peer-reviewed version available at Nutrients 2018, 10, 1777; doi:10.3390/nu10111777

17. Wierdsma, N.J.; Nijeboer, P.; de van der Schueren, M.A.; Berkenpas, M.; van Bodegraven, A.A.;
Mulder, C.J. Refractory celiac disease and EATL patients show severe malnutrition and malabsorption at
diagnosis. Clin. Nutr. 2016, 35, 685-691.
[PubMed: 25979847]. doi: 10.1016/j.clnu.2015.04.014.
18. Malamut, G.; Cellier, C. Complications of coeliac disease. Best Pract. Res. Clin. Gastroenterol. 2015, 29,
451-458.
[PubMed: 26060109].DOI:110.1016/j.bpg.2015.05.005
19. Vivas, S.; Ruiz de Morales, J.M.; Fernández, M.; Hernando, M.; Herrero,B.; Casqueiro, J.; Gutierrez, S.
Age-related clinical, serological and histopathological features of celiac disease. Am. J. Gastroenterol.
2008,103, 2360-2365.
[PubMed: 18702652]. DOI: 10.1111/j.1572-0241.2008.01977.x
20. Ribes-Koninckx, C.; Mearin, M.L.; Korponay-Szabo, I.R.; Shamir, R.; Husby, S.; Ventura, A.; Branski,
D.; Catassi, C.; Koletzko, S.; Mäki, M; et al. Coeliac disease diagnosis: ESPGHAN 1990 criteria or need for
a change? Results of a questionnaire. J. Pediatr. Gastroenterol. Nutr. 2012, 54, 15-19.
[PubMed : 21716133]. http://dx.doi.org/10.1097/MPG.0b013e31822a00bb
21. Lewis, N.R.; Scott, B.B. Should patients with coeliac disease have their bone mineral density
measured? Eur. J. Gastroenterol. Hepatol. 2005, 17, 1065-1070.
[PubMed : 16148551].http://dx.doi.org/10.1097/00042737-200510000-00009
22. West, J.; Logan, R.F.; Card, T.R.; Smith, C.; Hubbard, R. Fracture risk in people with celiac disease: a
population-based cohort study. Gastroenterology. 2003, 125, 429-436.
[PubMed: 16148551]. http://dx.doi.org/10.1016/S0016-5085(03)00891-6.
23. Lauret, E.; Rodrigo, L. Celiac disease and autoimmune-associated conditions. Biomed. Res. Int. 2013,
2013, 127589.
[PubMed:23984314]. http://dx.doi.org/10.1155/2013/127589.
24. Larsson, K.; Carlsson, A.; Cederwall, E.; Jönsson, E.; Neiderud, J.; Jonsson, B.; Lemmark, A.; Ivarsson,
S.A.; Skâne Study Group. Annual screening detects celiac disease in children with type 1 diabetes. Pediatr.
Diabetes. 2008, 9, 354-359.
[PubMed: 18774995]. doi: 10.1111/j.1399-5448.2008.00367.x.
25. Koletzko, S., Burgin-Wolff, A.; Koletzko, B.; Knapp, M.; Burger, W.; Grüneklee, D.; Herz, G.; Ruch, W.;
Thon, A.; Wendel, U.; et al. Prevalence of coeliac disease in diabetic children and adolescents. A
multicentre study. Eur. J. Pediatr. 1988, 148, 113-117.
[PubMed: 3069470]. http://dx.doi.org/10.1007/BF00445915
26. Lorini, R.; Scaramuzza, A.; Vitali, L.; d’Annunzio, G.; Avanzini, M.A.; De Giacomo, C.; Severi, F. Clinical aspects of coeliac disease in children with insulin-dependent diabetes mellitus. J. Pediatr. Endocrinol.
Metab. 1996, 9, 101-111.
[PubMed: 8887160].http://dx.doi.org/10.1515/JPEM.1996.9.S1.101193. de
27. Westman, E.; Ambler, G.R.; Royle, M.; Peat, J.; Chan, A. Children with coeliac disease and insulin
dependent diabetes mellitus-growth, diabetes control and dietary intake. J. Pediatr. Endocrinol. Metab.
1999, 12, 433-442.
[PubMed:10821223].http://dx.doi.org/10.1515/JPEM.1999.12.3.433
28. Gao, Y.; Kristinsson, S.Y.; Goldin, L.R.; Björkholm, M.; Caporaso, N.E.; Landgren, O. Increased risk
for non-Hodgkin lymphoma in individuals with celiac disease and a potential familial association.
Gastroenterology. 2009,136, 91–98.
[PubMed:18950631] doi: 10.1053/j.gastro.2008.09.031
29. Hadjivassiliou, M.; Aeschlimann, P.; Strigun, A.; Sanders, D.S.; Woodrofe, N.; Aeschlimann, D. .
Autoantibodies in gluten ataxia recognize a novel neuronal transglutaminase. Ann Neurol 2008, 64, 332–
343.
[PubMed: 18825674] . doi: 10.1002/ana.21450.
30. Vaquero, L.; Caminero, A.; Nunez, A.; Hernando, M.; Iglesias, C.; Casqueiro, J.; Vivas S. Coeliac
disease screening in first-degree relatives on the basis of biopsy and genetic risk. Eur. J. Gastroenterol.
Hepatol. 2014, 26, 263-267.
[PubMed: 24300305]. http://dx.doi.org/10.1097/MEG.0000000000000020
31. Singh, P.; Arora, S.; Lai, S.; Strand, T.A.; Makharia, G.K. Risk of celiac disease in the first- and seconddegree relatives of patients with celiac disease: a systematic review and meta-analysis. Am. J.
Gastroenterol. 2015, 110,1539-1548.
[PubMed: 26416192]. doi: 10.1038/ajg.2015.296.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2018

doi:10.20944/preprints201810.0324.v1

Peer-reviewed version available at Nutrients 2018, 10, 1777; doi:10.3390/nu10111777

32. Casella, G.; Orfanotti, G.; Giacomantonio,L.; Bella, C.D.; Crisafulli, V.; Villanacci, V.; Baldini, V. Celiac
disease and obstetrical-gynecological contribution. Gastroenterol. Hepatol. Bed Bench, 2016, 9, 241-249.
[PubMed: 27895849]
33. Di Sabatino, A.; Brunetti, L.; Carnevale Maffe, G.; Giuffrida, P.; Corazza, G.R. Is it worth investigating
splenic function in patients with celiac disease? World J. Gastroenterol. 2013, 19, 2313-2318.
[PubMed :23613624]. PMCid:PMC3631982.http://dx.doi.org/10.3748/wjg.v19.i15.2313.
34. Thomas, H.J.; Wotton, C.J.; Yeates, D.; Ahmad, T.; Jewell, D.P.; Goldacre, M.J. Pneumococcal infection
in patients with coeliac disease. Eur. J. Gastroenterol. Hepatol. 2008, 20, 624-628.
[PubMed:18679063]. http://dx.doi.org/10.1097/MEG.0b013e3282f45764.
35. Leffler, D.A.; Dennis, M.; Edwards George, J.B.; Jamma, S.; Magge, S.; Cook, E.F.; Schuppan. D.; Kekky,
C.P. A simple validated gluten-free diet adherence survey for adults with Celiac Disease. Clin.
Gastroenterol. and Hepatol. 2009, 7, 530-536.
[PubMed : 17990115]. PMCid:PMC3756800. http://dx.doi.org/10.1007/s10620-007-0055-3
36. Nachman, F.; Sugai, E.; Vazquez, H.; Gonzalez, A.; Andrenacci, P.; Niveloni, S.; Mazure, R.; Smecuol,
E.; Moreno, M.L.; Hwang, H.J.; et al. Serological tests for celiac disease as indicators of long-term
compliance with the gluten-free diet. Eur. J. Gastroenterol. Hepatol. 2011, 23, 473-480.
[PubMed: 21537123] .DOI: 10.1097/MEG.0b013e328346e0f1
37. Rodrigo, L. Celiac disease. World J. Gastroenterol. 2006, 12, 6585-6583.
[PubMed : 17075969]
38. Lewis, N.R.; Scott, B.B. Meta-analysis : Deamidated gliadin peptide antibody and tissue transglutaminase antibody compared as screening tests for coeliac disease. Aliment. Pharmacol. Ther. 2010, 31,
73-81.
[PubMed: 19664074]. http://dx.doi.org/10.1111/j.1365-2036.2009.04110.x
39. Naiyer, A.J.; Hernandez, L.; Ciaccio, E.J.; Papadakis, K.; Manavalan, J.S.; Baghat, G.; Green, P.H.
Comparison of commercially available serologic kits for the detection of celiac disease. J. Clin.
Gastroenterol. 2009 , 43, 225–232.
[PubMed: 18724250]. DOI: 10.1097/MCG.0b013e31816200e5.
40. Kowalski, K.; Mulak, A.; Jasinska, M.; Paradowski, L. Diagnostic challenges in celiac disease Adv. Clin.
Exp. Med. 2017, 26, 729-737.
[PubMed: 28691413] . DOI: 10.17219/acem/62452.
41. Li, M.; Yu, L.; Tiberti, C.; Bonamico, M.; Taki, I.; Miao, D.; Murray, J.A.; Rewers, M.J.; Hoffenberg, E.J.;
Agardh, D. et al. A report on the International Transglutaminase Autoantibody Workshop for Celiac
Disease. Am. J. Gastroenterol. 2009 , 104, 154–163.
[PubMed: 19098864].
42. Aziz, I.; Peerally, M.F.; Barnes, J.H.; Kandasamy, V.; Whiteley, J.C.; Partridge, D.; Vergani, P.; Cross,
S.S.; Green, P.H.; Sanders, D.S. The clinical and phenotypical assessment of seronegative villous atrophy;
a prospective UK centre experience evaluating 200 adult cases over a 15-year period (2000-2015). Gut 2017,
66, 1563-1572.
[PubMed: 27605538]. DOI:10.136/gutjnl-2016-312271.
43. Vivas, S.; Vaquero, L.; Rodriguez-Martin, L.; Caminero, A. Age-related differences in celiac disease :
Specific characteristics of adult presentation. World J. Gastrointest. Pharmacol. Ther. 2015, 6, 207-212.
[PubMed : 26558154]. DOI: 10.4292/wjgpt.v6.i4.207.
44. Ciccocioppo, R.; Kruzliak, P.; Cangemi, G.C.; Pohanka, M.; Betti, E.; Lauret, E.; Rodrigo, L. The
spectrum of differences between childhood and adulthood celiac disease. Nutrients. 2015, 7, 8733-8751.
[PubMed: 26506381]. DOI: 10.3390/nu7105426.
45. Husby, S.; Koletzko, S.; Korponay-Szabó, I.R.; Mearin, M.L., Phillips, A.; Shamir, R.; Troncone, R.;
Giersiepen, K.; Branski, D.; Catassi, C. et al. European Society for Pediatric Gastroenterology, Hepatology,
and Nutrition guidelines, for the diagnosis of coeliac disease. J. Pediatr. Gastroenterol. Nutr. 2012, 54, 136160.
[PubMed: 22197856].
46. Werkstetter, K.J.; Korponay-Szabó, I.R.; Popp; A.; Villanacci,V.; Salemme, M.; Heilig, G.; Lillevang,
S.T.; Mearin, M.L.; Ribes-Koninckx, C.; Thomas, A.; et al. Accuracy in diagnosis of celiac disease without
biopsies in clinical practice. Gastroenterology. 2017, 153, 924-935.
[PubMed: 28624578]. DOI : 10.1053/j.gastro.2017.06.02

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2018

doi:10.20944/preprints201810.0324.v1

Peer-reviewed version available at Nutrients 2018, 10, 1777; doi:10.3390/nu10111777

47. Lebwohl, B.; Murray, J.A.; Rubio-Tapia, A.; Green, P.H.; Ludvigsson, J.F. Predictors of persistent
villous atrophy in coeliac disease: a population-based study. Aliment. Pharmacol. Ther. 2014, 39, 488-495.
[PubMed : 24428688]. PMCid:PMC4012428. http://dx.doi.org/10.1111/apt.12621
48. Sharkey, L.M.; Corbett, G.; Currie, E.; Lee, J.; Sweeney, N.; Woodward, J.M. Optimising delivery of
care in coeliac disease. Comparison of the benefits of repeat biopsy and serological follow-up. Aliment.
Pharmacol. Ther. 2013, 38, 1278-1291.
[PubMed : 24117503]. http://dx.doi.org/10.1111/apt.12510
49. Ludvigsson, J.F.; Bai, J.C.; Biagi, F.; Card, T.R.; Ciacci, C.; Ciclitira, P.; Green, P.H.; Hadjivassiliou, M.;
Holdoway, A.; van Heel, D.A.; et al. Diagnosis and management of adult coeliac disease: guidelines from
the British Society of Gastroenterology. Gut. 2014 , 63, 1210-1228.
[PubMed : [24917550]. PMCid:PMC4112432. http://dx.doi.org/10.1136/gutjnl-2013-306578.
50. Rosinach, M.; Esteve, M.; Gonzalez, C.; Temino, R.; Marine, M.; Monzon, H.; Sainz, E.; Loras, C.;
Espinós , J.C.; Forné, M.; et al. Lymphocytic duodenosis: aetiology and long-term response to specific
treatment. Dig. Liver Dis. 2012, 44, 643-648.
PubMed: 22497904]. http://dx.doi.org/10.1016/j.dld.2012.03.006
51. Corazza, G.R. ; Villanacci, V.; Zambelli, C.; Milione, M.; Luinetti, O.; Vindigni, C.; Chioda, C.;
Albarello, L.; Bertolini, D.; Donato, F. Comparison of the interobserver reproducibility with different
histologic criteria used in celiac disease. Clin. Gastroenterol. Hepatol. 2007 , 5 , 838 – 843.
[PubMed: 17544877] . DOI: 10-1016/j.cgh.2007.03.09
52. Rubio-Tapia, A.; Rahim, M.W.; See, J.A.; Lahr, B.D.; Wu, T.T.; Murray, J.A. Mucosal recovery and
mortality in adults with celiac disease after treatment with a gluten-free-diet. Am. J. Gastroenterol.
2010 ,105 , 1412-1420.
[PubMed: 20145607]. doi: 10.1038/ajg.2010.10
53. Lebwohl, B.; Granath, F.; Ekbom, A, Montgomery, S.M.; Murray, J.A.; Rubio-Tapia, A.; Green, P.H.;
Ludvigsson J.F. Mucosal healing and mortality in coeliac disease. Aliment. Pharmacol. Ther. 2013, 37, 332339.
[PubMed: 23190299]. DOI:10.111/apt.12164.
54. Chetcuti Zammit, S.; Sanders, D.S.; Sidhu, R. Capsule endoscopy for patients with coeliac disease.
Expert Rev. Gastroenterol. Hepatol. 2018, 12, 779-790.
[PubMed: 29886766]. doi: 10.1080/17474124.2018.1487289.
55. Moreno, M.L.; Rodríguez-Herrera, A.; Sousa, C.; Comino, I. Biomarkers to monitor gluten-free diet
compliance in celiac patients. Nutrients. 2017, Jan 6, 9 (1).
[PubMed: 28067823]. doi: 10.3390/nu9010046.
56. Comino, I.; Fernández-Bañares, F.; Esteve, M.; Ortigosa, L.; Castillejo, G.; Fambuena, B.; RibesKoninckx, C.; Sierra, C.; Rodríguez-Herrera, A.; Salazar, J.C.; et al. Fecal gluten peptides reveal limitations
of serological tests and food questionnaires for monitoring gluten-free diet in celiac disease patients. Am.
J. Gastroenterol. 2016 ,111, 1456-1465.
[PubMed: 27644734]. doi: 10.1038/ajg.2016.439
57. Moreno, M.L.; Cebolla, A.; Muñoz-Suano, A, Carrillo-Carrion, C.; Comino, I.; Pizarro, A.; León, F.;
Rodríguez-Herrera, A.; Sousa, C. Detection of gluten immunogenic peptides in the urine of patients with
coeliac disease reveals transgressions in the gluten-free diet and incomplete mucosal healing. Gut. 2017,
66, 250-257.
[PubMed: 26608460]. doi: 10.1136/gutjnl-2015-310148
58. Real, A.; Comino, I.; Moreno, M.L.; López-Casado, M.A.; Lorite, P.; Torres, M.I.; Cebolla, A.; Sousa, C.
Identification and in vitro reactivity of celiac immunoactive peptides in an apparent gluten-free beer. PLoS
One. 2014 , 9, e100917
[PubMed: 24963630]. doi: 10.1371/journal.pone.0100917
59. Roshan, B.; Leffler, D.A.; Jamma, S.; Dennis, M.; Sheth, S.; Falchuk, S.; Najarian, R.; Goldsmith, J.; Tariq,
S.; Schuppan, D. et al. The incidence and clinical spectrum of refractory celiac disease in a North American
referral center . Am. J. Gastroenterol. 2011 ; 106 : 923 – 8 .
[PubMed : 21468013]. DOI:10.138/ajg.2011.104.
60. Malamut, G.; Afchain, P.; Verkarre, V.; Lecomte, T.; Amiot, A.; Damotte, D.; Bouhnik, Y.; Colombel,
J.F.; Delchier, J.C.; Allez, M. et al. Presentation and long-term follow-up of refractory celiac disease:
comparison of type I with type II . Gastroenterology 2009 , 136 , 81 – 90 .
[PubMed : 19014942]. DOI:10.1053/j.gastro.2008.09.069.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2018

doi:10.20944/preprints201810.0324.v1

Peer-reviewed version available at Nutrients 2018, 10, 1777; doi:10.3390/nu10111777

61. Hussein, S.; Gindin, T.; Lagana, S.M.; Arguelles-Grande, C.; Krishnareddy, S.; Alobeid, B.; Lewis, S.K.;
Mansukhani, M.M.; Green, P.H.R.; Bhagat, G. Clonal T cell receptor gene rearrangements in coeliac
disease: implications for diagnosing refractory coeliac disease. J. Clin. Pathol. 2018, 71, 825-831.
[PubMed: 29703761]. doi: 10.1136/jclinpath-2018-205023
62. Nijeboer, P.; van Wanrooij, R.; van Gils, T.; Wierdsma, N.J.; Tack, G.J.; Witte, B.I.; Bontkes, H.J.; Visser,
O.; Mulder, C.; Bouma, G. Lymphoma development and survival in refractory coeliac disease type II:
Histological response as prognostic factor. United European Gastroenterol. J. 2017 , 5, 208-217.
[PubMed: 28344788]. doi: 10.1177/2050640616646529.
63. Rubio-Tapia, A.; Malamut, G.; Verbeek, W.H.; van Wanrooij, R.L.; Leffler, D.A.; Niveloni, S.I.;
Arguelles-Grande, C.; Lahr, B.D.; Zinsmeister, A.R.; Murray, J.A. Creation of a model to predict survival
in patients with refractory coeliac disease using a multinational registry. Aliment. Pharmacol. Ther. 2016,
44, 704-714.
[PubMed: 27485029]. doi: 10.1111/apt.13755
64. Mukewar, S.S.; Sharma, A.; Rubio-Tapia, A.; Wu, T.T.; Jabri, B.; Murray, J.A. Open-capsule budesonide
for refractory celiac disease. Am. J. Gastroenterol. 2017, 112, 959-967.
[PubMed : 28323276]. doi: 10.1038/ajg.2017.71.

