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Celiac disease (CD) is a clinical entity of autoimmune nature, related to the presence of a permanent
gluten intolerance that affects genetically predisposed individuals, producing a chronic inflammation
process that usually occurs in the small bowel. It is accompanied by a relatively high frequency of
simultaneous or successive involvement of various extra-digestive organs over time [1].

CD has an extensive epidemiological distribution, affecting all countries and ethnicities. Its average
prevalence is 1–2% in the general population, with slight variations between geographical areas. It can
arise at any time during the life-course, but predominantly appears in middle age, and up to 20% of
cases are diagnosed in patients older than 60 years. It is also clearly predominant in women (average
ratio 2:1, female:male) [2,3].

Clinical manifestations vary considerably in relation to the age of presentation and to various
associated exogenous factors. In children, it usually begins to manifest itself in conjunction with the
introduction into their diet of foodstuffs containing wheat flour (e.g., porridge) from six months of
age. In the most severe cases, the clinical symptoms appear before the age of two years. In general,
digestive symptoms predominate, such as chronic diarrhea, bloating and weight loss, the “classic
triad” of symptoms, and are not necessarily accompanied by a malabsorption syndrome. Other
accompanying symptoms are anorexia, vomiting, reflux and accentuated irritability, along with
episodes of constipation that can be frequent and prolonged [4,5].

When the disease appears in older children or adolescents, several extraintestinal manifestations,
such as headaches, arthritis, anemia and accentuated asthenia, among others, may appear in addition
to digestive symptoms [6].

The forms of CD presentation are very varied in adults, with frequent associations of intestinal and
extradigestive symptoms, often referred to as “atypical forms”. Among them are serious conditions,
such as chronic anemia, osteoporosis, a variety of skin lesions, polyneuritis, migraines, persistent
liver test abnormalities, dysmenorrhea, amenorrhea, fertility disorders, recurrent abortions and mood
changes (e.g., irritability and depression). Dermatitis herpetiformis is the skin lesion most frequently
associated with CD, appearing in up to 25% of cases. It is easily recognized and highly suspicious.
Gluten is the agent mainly responsible for the condition, and its withdrawal is definitively the most
effective treatment.

Initial clinical screening most often involves determining levels of serological markers, which are
circulating antibodies directed against some compound of gluten proteins, sensitivity or the enzymes
that metabolize it. The most commonly used are class 2 anti-tissue transglutaminase antibodies,
which are close to 90% efficacious in cases with intestinal villus atrophy. However, their diagnostic
sensitivity is remarkably low, at 30–40%, for cases without villous atrophy, so that one or more negative
determinations does not in any way rule out the possibility that an established CD is present [7].

There are two known genetic markers, both belonging to the HLA-II class, available for routine
clinical use in the study of patients with CD. HLA-DQ2 is the most frequent, being positive in
90% of celiac patients, while HLA-DQ8 is much less common (5–8%). The two genetic markers are
simultaneously negative in a small percentage of patients (<2–3%). The presence of both genetic
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markers is considered to be a necessary, but not sufficient condition for the diagnosis, as they also
occur in up to 30% of the general non-celiac population.

The spectrum of duodenal histological changes in CD has expanded greatly since the inclusion of
the new criteria introduced by Marsh in 1992 [8]. He successfully included celiac patients without villous
atrophy, classifying them as type 1 when there was only an increased intraepithelial lymphocytosis
(LIES) (>25% of LIES, per 100 epithelial cells). Type 2 is characterized by the presence of crypt
hyperplasia without atrophy. Type 3, showing villous atrophy, is subdivided into three categories:
mild (3a), moderate (3b) and intense (3c). Other classifications have since appeared, but they are
basically very similar to the original Marsh classification [9,10].

The most important step towards achieving a diagnosis of CD is that every doctor looks for this
entity and includes it in their differential process before a series of symptoms, and not only digestive
but also long-term extra-intestinal usually. This is not achieved solely on the basis of clinical data
and exploratory findings, but aided by analytical alterations, serological data, genetic markers and
duodenal histopathological findings. If, after this process, reasonable doubts remain about its presence,
it may be tentatively proposed that the patient follows a gluten-free diet (GFD) for at least six months,
to assess their degree of response. Although a GFD is the only available and effective treatment,
it should be made clear that it must be followed strictly and maintained for the rest of the patient’s life,
avoiding transgressions and contamination [11].

Diagnosis is often delayed, the time following symptom onset being highly variable in adults,
sometimes taking as long as 12 years. Barriers to accurate and timely diagnosis include atypical
presentation, physicians’ lack of awareness about current diagnostic criteria, misdiagnosis and general
practitioners’ limited access to specialists [12]. In a survey of 611 CD patients in Finland, 332 (54%)
reported a delay in diagnosis of more than three years. This delay predisposed patients to reduced
well-being and increased recourse to medicines and health care services, before the diagnosis and one
year after diagnosis [13]. New guidelines have been issued for children who exhibit high serum TGT
titers of more than ten times the normal value. In such cases it is not considered necessary to perform
duodenal biopsies to confirm the diagnosis [14].
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Abstract: Background: A Spanish version of a questionnaire intended to estimate, at the population
level, the prevalence rates of self-reported gluten-related disorders and adherence to gluten-free
diets has been applied in four Latin American countries. However, idiom issues have hampered
the questionnaire application in the Brazilian population. Thus, the aim of the present study was to
carry out a translation, cultural adaptation, and evaluation of a Brazilian Portuguese questionnaire to
estimate the self-reported prevalence of gluten-related disorders and adherence to gluten-free diets in
a Brazilian population. Materials and Methods: Two bilingual Portuguese–Spanish health professionals
carried out the translation of the original Spanish version of the questionnaire to Brazilian-Portuguese.
Matching between the two translations was evaluated using the WCopyFind.4.1.5 software. Words in
conflict were conciliated, and the conciliated version of the Brazilian Portuguese instrument was
evaluated to determine its clarity, comprehension, and consistency. A pilot study was carried out
using an online platform. Results: The two questionnaires translated into Brazilian Portuguese
were highly matched (81.8%–84.1%). The questions of the conciliated questionnaire were clear
and comprehensible with a high agreement among the evaluators (n = 64) (average Kendall’s W
score was 0.875). The participants did not suggest re-wording of questions. The answers to the
questions were consistent after two applications of the questionnaire (Cohen’s k = 0.869). The pilot
online survey yielded low response rates (9.0%) highlighting the need for face-to-face interviews.
Conclusions: The translation and evaluation of a Brazilian Portuguese questionnaire to estimate the
self-reported prevalence rates of gluten-related disorders and adherence to gluten-free diets was
carried out. The instrument is clear, comprehensible, and generates reproducible results in the target
population. Further survey studies involving face-to-face interviews are warranted.

Medicina 2019, 55, 593; doi:10.3390/medicina55090593 www.mdpi.com/journal/medicina5
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1. Introduction

The spectrum of gluten-related disorders (GRD) involves celiac disease (CD), wheat allergy and
non-celiac gluten sensitivity (NCGS). Patients under this spectrum should follow a gluten-free diet
(GFD) to avoid the gastrointestinal and/or extraintestinal symptoms triggered by gluten. In fact, survey
studies have proven that following a GFD can improve the health-related quality of life in CD patients
in spite of the difficulties of following the diet [1]. Different from wheat allergy and NCGS, untreated
CD could affect the nutritional status and predispose to other conditions such as osteoporosis [2,3],
anemia [4], and intestinal T-cell lymphoma [5]. On its own, following a GFD without medical/dietitian
advice can predispose not only to deficiencies in micronutrients, but also to low fiber intake [6,7]
increasing the risk of dyslipidemia [8,9]. Notably, recent survey-based studies carried out in Latin
American countries have shown that both CD and NCGS are largely underdiagnosed in Mexico,
Colombia, and El Salvador, and that most people following a GFD are doing it for reasons other than
health related benefits, as well as without medical advice [10–12]. This is not the case in Argentina, a
country that has implemented programs for the detection of CD and for ameliorating the economic
burden of following a GFD [13]. The questionnaire utilized in these studies is a Spanish version, and this
has hampered its application in the Brazilian population. Recently, an Italian instrument [14] designed
to estimate the prevalence of NCGS in clinical settings has been translated to Brazilian Portuguese [15],
but a validated questionnaire intended to evaluate, at population level, the self-reported prevalence of
GRD and adherence to a GFD in Brazilians is not available yet. Thus, as part of an attempt to expose
the magnitude and relevance of the underdiagnosis of GRD and the adherence to GFD in the Latin
American region, the aim of the present work is to generate and test a Brazilian Portuguese version
of a validated Spanish questionnaire designed to estimate the self-reported prevalence of GRD and
adherence to a GFD.

2. Materials and Methods

2.1. Questionnaire

The questionnaire is based on a previously designed and tested instrument that is utilized in
Spanish-speaking populations [10–13]. The questionnaire includes 2 sections. The first section was
designed for those who report adverse reactions after wheat/gluten ingestion, and the second one for
those who do not report them. The participants should answer questions related to the symptoms
triggered after gluten ingestion, time of appearance of the symptoms, adherence to a GFD or gluten
avoidance and the motivations of doing so, among other questions (Supplementary Material Section S1).

2.2. Translation and Back-Translation

The translation process of the questionnaire was carried out as previously described, with minor
changes [16,17]. The procedure was as follows: two health professionals, Portuguese–Spanish bilingual,
but also Brazilian Portuguese native speakers, realized the translation of the questionnaire from Spanish
to Brazilian Portuguese (TBP1 and TBP2). The matches between translations were analyzed using the
WCopyFind.4.1.5 software (Charlottesville, VA, USA) to determine literal match by words (ignoring
phrases, all punctuations, outer punctuations, numbers, letter case, and skipping non-words, selecting
Brazilian-Portuguese as the base language). After conciliation of the words in conflict (words that
did not match) by the Spanish-Portuguese translators, a conciliate version of the questionnaire was
elaborated and back-translated to Spanish by two Spanish-Portuguese bilingual professionals who
were also Spanish native speakers. The match between the back-translated questionnaires (from
Brazilian Portuguese to Spanish; two versions) and the match between each back-translated version
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with the original Spanish version of the questionnaire were evaluated as previously described (selecting
Mexican Spanish as the base language). All matches were reported as percentage.

2.3. Questionnaire Clarity, Comprehension and Wording of Questions Evaluation

Clarity and comprehension of the conciliated questionnaire in Brazilian Portuguese was evaluated
as previously described [10,16]. A digital version of the Brazilian Portuguese questionnaire was
constructed using the SurveyMonkey platform (San Mateo, CA, USA). Brazilian Portuguese native
speakers (n = 64) received a text message with the link to the questionnaire. Afterwards, participants
proceeded to evaluate the clarity and comprehension of all the questions.

The evaluation was initially performed using a numerical scale from 0 to 10 (0 = very easy to
understand; 10 = very difficult to understand). Questions rated with values ≤3 were considered as
clear and comprehensible, therefore, rewording was not required [10]. Results were reported with 95%
confidence intervals. Furthermore, clarity/comprehension was evaluated using a cognitive survey that
evaluated each item/question in a three-point ordinal scale; 1: Clear and comprehensible, 2: Difficult to
understand, and 3: Incomprehensible [16]. Agreement among participants was evaluated using the
Kendall’s W coefficient of concordance, ranging from 0 (no agreement) to 1 (complete agreement).
A W value ≥ 0.66 was considered as an adequate agreement among the participants. Additionally,
to ensure the comprehension of each question, the participants were to answer the following question:
In case you do not understand the question, how would you write it? This option was provided if the
participants did not correctly understand some questions, or if they thought that there was a more
comprehensible way to write the item.

2.4. Questionnaire Test-Retest Consistency

The questionnaire reproducibility was evaluated in a cohort of subjects who reported adverse
reactions to wheat/gluten (n = 12), as well as in another cohort who reported adverse reactions to foods
other than gluten (n = 8). Participants answered the questionnaire twice. The time period interval
between the first and second application of the questionnaire was at least one week. The reproducibility
of the questionnaire was evaluated with Cohen’s k coefficient tests.

2.5. Pilot Survey

After the clarity/comprehension and consistency evaluation process, a digital version of the
conciliated Brazilian-Portuguese questionnaire (Supplementary Material Section S2) was sent to
966 Brazilian health sciences students from Faculdade do Juazeiro do Norte in Juazeiro do Norte, Ceará,
Brazil using the SurveyMonkey platform (San Mateo, CA, USA). The first page of the survey showed a
general description of the project and presented the consent form. All data were collected in June 2019.
Inclusion criteria were as follows: subjects must be aged ≥ 18 years old, and able to read and answer
the questionnaire by themselves. Exclusion criteria were as follows: subjects being < 18 years old or
not being able to complete the questionnaire by themselves. Individuals were classified according to
previously published definitions on GRD [12] (Supplementary Material Section S3).

2.6. Statistical Analysis and Ethical Issues

Statistical analysis was carried out using PASW statistics version 25.0 (SPSS Inc., Chicago, IL, USA).
Total numbers, percentages, and 95% confidence intervals (CI) were analyzed according to a set of
descriptive statistics. A p value < 0.05 was considered as statistically significant. OpenEpi software
version 3.03a (Atlanta, GA, USA) was used to estimate the prevalence rates (95% CI) per 100 inhabitants.
This study was approved by the Research Ethics Committee of the Faculdade do Juazeiro do norte
(Número do Parecer: 3.382.689).
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3. Results

3.1. Questionnaire Translation and Back-Translation

The complete flow chart and the results of the evaluation of translation, clarity, comprehensibility,
and consistency of the questionnaire are shown in Figure 1. Two native Brazilian Portuguese speakers
carried out the translations from Spanish to Brazilian Portuguese. Translations to Brazilian-Portuguese
(TBP1 and 2) had more than 80% of an overall match between them (TBP1 matched 81.8% with TBP2
and TBP2 matched 84.1% with TBP1). Most of the items in conflict were synonymous in Brazilian
Portuguese with the same meaning in Spanish language. After agreement by the translators, the best
synonymous were selected to have a conciliated version of the questionnaire translated to Brazilian
Portuguese. The back-translations (two versions) of the conciliated Brazilian Portuguese version of the
instrument matched 93.7% and 85.4% with the original Spanish version.

 
Figure 1. Flow chart of the translation of the questionnaire and the results of the evaluations on matches
(between translations 1 and 2 from Spanish to Brazilian Portuguese, and between back-translations to
Spanish compared to the original questionnaire), clarity, comprehension, and consistency.

3.2. Questionnaire Clarity/Comprehension

Sixty-four Brazilian Portuguese native speakers (38 females, 26 males; 18–55 years old) evaluated
clarity/comprehensibility using a continuous scale (0: clear and comprehensible, 10: incomprehensible).
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On the bases of this evaluation, the average of the clarity score was 0.25 (CI, 95%: 0.03–0.53; values
ranged from 0 to 9) and the Kendall’s W score was 0.798. Using the three-point ordinal scale, the
average of the clarity score was 1.04. This value is very close to “clear and comprehensible” and,
according to the Kendall’s W score obtained (0.952), involves a high concordance among the individuals’
answers to the questions. Importantly, when the participants were asked for the questions’ re-writing
to improve the understanding, neither re-wording nor suggestions for changes were reported.

3.3. Questionnaire Consistency

Twenty participants who reported adverse reactions to gluten or to other foods answered the
questionnaire twice (12 females and 8 males). The concordance between the first and the second
application of the questionnaire was measured individually, and the average of Cohen’s k coefficient
was 0.869 (Figure 1). This k value can be interpreted as an almost perfect concordance.

3.4. Pilot Study

A total of 966 health sciences students received the link to answer the questionnaire. The response
rate was 9.0% (n = 87), but 13 subjects had to be excluded due to their proportioned incomplete
demographic data or responses. Thus, a total of 74 valid questionnaires were considered for prevalence
estimations. The proportion of male/female was 24.3%: 75.6% (male: 18; female: 56). Average age was
25 ± 6.6 years. The most commonly self-reported, physician-diagnosed conditions were psychiatric
diseases (9.45%; IC 95%), irritable bowel syndrome (8.1%; IC 95% 3.88–18.52), diabetes, lactose
intolerance, and allergies (6.75%; IC 2.23–15.07, each). However, due to the reduced number of
participants, risk analysis between Self-Reported Gluten Sensitivity (SR-GS) and non-Self-Reported
Gluten Sensitivity (non-SR-GS) conditions could not be calculated.

Prevalence rates estimations of GRD and other adverse foods reactions are shown in the Table 1.
Adverse reactions to wheat/gluten were reported by 16.21% of the participants, though, only two
fulfilled criteria for SR-GS (2.70%) (Supplementary Material Section S3). The prevalence rates of wheat
allergy and NCGS were 1.35% each. No male fulfilled the criteria for either wheat allergy or NCGS.
Physician diagnosis of CD was not reported in this pilot study. The prevalence rate of adherence to a
GFD was higher in females than in males, while the prevalence rate of wheat/gluten avoiders was
slightly higher in males than in females (p > 0.05).

The characteristics of the individuals following a GFD are shown in Figure 2. It should be noted
that almost all participants who were following a GFD (75%) and those that were avoiding wheat/gluten
containing foods (75%) fulfilled criteria for non-SR-GS. Regarding the motivations for following a
GFD, in the non-SR-GS group the most frequent motivation was weight control (50%), while in the
SR-GS group was the symptomatic relapse. Similar results were obtained in the wheat/gluten avoiders
group. All participants who were following a GFD reported to be under the supervision of a dietitian
to follow the diet. Ten individuals reported recurrent gastrointestinal and/or extra-intestinal symptoms
triggered after the ingestion of wheat/gluten containing foods. Bloating (80%), abdominal pain (80%),
nausea (60%), stomachache (60%), and reflux (60%) were the most commonly reported gastrointestinal
symptoms. On the other hand, lack of wellbeing (60%), tiredness (40%), and muscular pain (40%) were
the most commonly reported extra-intestinal symptoms.
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Table 1. Self-reported prevalence rates.

Assessment (+) Cases
Mean Age in
Years (Range)

Prevalence by
Gender (95% CI)

p-Value
General Prevalence

(95% CI)

Adverse reaction
to foods

n = 24
M = 6
F = 18

27 (19–47)

M = 33.33
(13.34–59.01)

F = 32.14
(20.28–45.96)

0.999 32.43 (22.0–44.32)

Adverse reaction to
wheat/gluten

n = 12
M = 3
F = 9

30 (20–47)
M = 16.66

(3.57–41.42)
F = 16.07 (7.62–28.33)

0.999 16.21 (8.67–26.61)

Self-Reported Gluten
sensitivity (SR-GS)

n = 2
M = 0
F = 2

27 (20–34) M = 0 (0.0–18.53)
F = 3.57 (0.43–12.31) 0.999 2.70 (0.32–9.42)

SR-PD Celiac disease n = 0 — — — —

Wheat allergy
n = 1
M = 0
F = 1

20 (N/D) M = 0 (0.0–18.53)
F = 1.29 (0.22–6.99) 0.999 1.35 (0.03–7.30)

NCGS
n = 1
M = 0
F = 1

34 (N/D) M = 0 (0.0–18.53)
F = 1.29 (0.22–6.99) 0.999 1.35 (0.03–7.30)

Adherence to GFD
n = 8
M = 1
F = 7

25 (20–41) M = 1.29 (0.22–6.99)
F = 9.09 (4.47–17.6) 0.671 10.81 (4.78–20.19)

Avoid
wheat/gluten-containing foods

n = 12
M = 3
F = 9

26 (20–41)
M = 16.66

(3.57–41.42)
F = 16.07 (7.62–28.33)

0.999 16.21 (8.67–26.61)

Figure 2. Characteristics of the participants who were following a GFD. SR-PD: Self-reported
Physician-Diagnosed; SR: Self-reported; GFD: Gluten-free Diet; NCGS: Non-Celiac Gluten Sensitivity;
Non-SR-GS: Non-self-reported Gluten Sensitivity.

4. Discussion

Survey-based studies are useful to estimate the prevalence rates of several conditions and set
the ground for further epidemiological studies based on objective diagnostic criteria. The results
of survey studies can be interpreted in different ways. Particular attention needed to be given to
the most underdiagnosed conditions and those conditions for which there is a lack of sensitive and
specific biomarkers, such as CD and NCGS, respectively. In this context, a questionnaire intended
to evaluate the self-reported prevalence of GRD and the adherence to a GFD in Spanish-speaking
populations was applied in four Latin American countries [10–13]. However, idiom issues hampered
the application of this instrument in Brazilian Portuguese speakers, the largest population in South
America. To fill this gap, the questionnaire was translated to Brazilian Portuguese and systematically
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tested. The translations of the questionnaire from Spanish to Brazilian Portuguese matched in high
percentage and most of the items in conflict were words with the same meaning. The similarity between
Spanish and Portuguese is the highest among romance languages [18], thus allowing for the facilitation
of the translation of the questionnaire and, at the same time, it could improve the matching among the
translations carried out by different translators. Back-translation is a process necessary to verify the
accuracy of the original translation [19] and to reduce any discrepancies between the original version of
the instrument and the back-translated version [20]. The overall matching between the back-translated
versions with the original Spanish version indicates a high similarity between them. This supports the
notion that the conciliated version of the questionnaire in Brazilian-Portuguese mirrors the original
Spanish version.

Precision evaluation of the words utilized in a questionnaire is essential to avoid misinterpretation
or incomprehension of the formulated questions [21]. In the present study, the outcome of the
clarity/comprehension evaluation using a continuous scale was excellent (0.25; where 0 means clear and
comprehensible). This indicated that the conciliated version of the questionnaire in Brazilian Portuguese
language was clear and comprehensible. Importantly, the participants did not suggest re-writing
of questions. These results are similar to those reported in the clarity/comprehension evaluation
of the original Spanish version of the questionnaire [10]. To corroborate the clarity/comprehension
data obtained in the present study, additional tests based on a three-point ordinal scale were carried
out. The results of these tests corroborate that the Brazilian-Portuguese version of the questionnaire
was clear and comprehensible. Additionally, the average of the Kendall’s W coefficient for the
clarity/comprehension evaluation highlighted a very high agreement among the evaluations of the
participants [22].

The consistency in the answers to each question of the questionnaire by the same individual
was also evaluated. The questionnaire was applied twice at different moments, allowing at least
one-week intervals to pass between the two applications. The consistency evaluated as the k coefficient
value was 0.869, which can be considered an excellent agreement between the two applications of
the questionnaire [23]. This result is similar to that reported for the original Spanish version of the
instrument [10].

Online survey studies have gained attention, as the staff requirement to collect data and printing
costs can be kept to a minimum. Under these bases, a pilot online survey study was carried out using
the instrument generated. However, a very low response rate was reported (9.0%). In line with this,
several survey-based studies, conducted using internet platforms, have reported similar and even lower
response rates [24]. On the contrary, previous studies have reported high response rates (53.3 to 92.0%)
using the Spanish version of the questionnaire utilized in this pilot study, but conducting the survey
on the bases of face-to-face interviews in public places instead of using internet platforms [10–13].
The prevalence data generated in the present online pilot survey study should be interpreted with
caution, as the response rate was quite low, and the sample was limited to Brazilian health sciences
students. The same applies for the data related to the gastrointestinal and extra-intestinal symptoms
reported. The main contribution of the online pilot survey study carried out in the present work is that
it highlights the need to perform face-to-face interviews to successfully utilize the Brazilian-Portuguese
version of the questionnaire intended to evaluate the self-reported prevalence of GRD and adherence
to a GFD.

5. Conclusions

In this study, a questionnaire intended to estimate the prevalence of self-reported GRD and
adherence to a GFD was translated to Brazilian Portuguese and tested. The questionnaire was clear,
comprehensible, and generated reproducible results in the target population. The questionnaire should
ideally be applied preferentially on the bases of face-to-face interviews instead of using online platforms.
This strategy can help to improve the response rate and minimize bias in order to generate representative
results. The present study provides an instrument to estimate the prevalence of self-reported GRD and
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adherence to a GFD in Brazilian Portuguese native speakers, a community that represents almost half
of the South America population.

Supplementary Materials: The following are available online at http://www.mdpi.com/1010-660X/55/9/593/s1,
Supplementary Material Section S1: Questionnaire in English; Supplementary Material Section S2: Conciliated
version of the questionnaire in Brazilian Portuguese; Supplementary Material Section S3: Definition and criteria of
gluten-related disorders.
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Abstract: Background and objectives: Dermatitis herpetiformis (DH) is a blistering dermatosis,
which shares common immunologic features with celiac disease (CD). The aim of the present study
was to explore the performance of a panel of CD-related antibodies and IL-17A in Bulgarian patients
with DH. Materials and Methods: Serum samples from 26 DH patients at mean age 53 ± 15 years and
20 healthy controls were assessed for anti-tissue transglutaminase (anti-tTG), anti-deamidated gliadin
peptides (anti-DGP), anti-actin antibodies (AAA), and IL-17A by enzyme linked immuno-sorbent
assay (ELISA), as well as anti-tTG, anti-gliadin (AGA), and anti-Saccharomyces cerevisiae antibodies
(ASCA) using immunoblot. Results: The average serum levels of anti-tTG, anti-DGP, AGA, AAA,
and the cytokine IL-17A were at significantly higher levels in patients with DH compared to the
average levels in healthy persons which stayed below the cut-off value (p < 0.05). Anti-DGP and
anti-tTG antibodies showed the highest diagnostic sensitivity and specificity, as well as acceptable
positive and negative predictive value. None of the healthy individuals was found positive for the
tested antibodies, as well as for ASCA within the DH group. All tests showed good to excellent
correlations (r = 0.5 ÷ 0.9, p < 0.01). Conclusions: Although the diagnosis of DH relies on skin biopsy
for histology and DIF, serologic testing of a panel of celiac-related antibodies could be employed
with advantages in the diagnosing process of DH patients. Furthermore, DH patients who are
positive for the investigated serologic parameters could have routine monitoring for gastrointestinal
complications typical for the gluten-sensitive enteropathy.

Keywords: dermatitis herpetiformis; anti-tTG; anti-DGP; AAA; AGA; IL-17A

1. Introduction

Dermatitis herpetiformis (DH), also known as Duhring-Brocq disease, is a rare subepidermal
blistering dermatosis, currently regarded as the specific extraintestinal manifestation of celiac disease
(CD) [1,2]. It most commonly affects the skin, while associated gluten sensitive enteropathy (GSE)
can be clinically variable to absent. Histologically, DH is characterized by subepidermal blisters
with predominant neutrophilic infiltration in the papillary dermis. A pathognomonic finding in DH,
detected by direct immunofluorescence (DIF) microscopy on perilesional uninvolved skin, is the
presence of granular deposits of immunoglobulin A (IgA) along the dermo-epidermal junction (DEJ)
and at the tips of the dermal papillae. Recently, it has been documented that the autoantigen for
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deposited cutaneous IgA is epidermal transglutaminase (eTG, TG3)—an enzyme closely related, but not
identical to the tissue transglutaminase (tTG, TG2) autoantigen-specific for CD [3]. IgA deposits in
skin represent antibodies against gut tTG that cross-react with the highly homologous eTG by forming
insoluble aggregates in the papillary dermis [4].

The pathophysiology of DH is closely related to that of CD and involves a complex interplay
among genetic, environmental, and immune factors. Both diseases occur in gluten-sensitive individuals,
heal with a gluten-free diet (GFD), and relapse on gluten challenge [5]. DH and CD share the same
genetic background with a high frequency of human leukocyte antigen (HLA)-DQ2 and HLA-DQ8
haplotypes [6,7]. The majority of patients with DH exhibit morphologic small-bowel changes
characteristics of CD, ranging from slight villous atrophy to increased density of intraepithelial
lymphocytes [1,8]. However, overt enteropathy is reported in less than 10% of patients, and the
gastrointestinal symptoms are usually absent or so mild that the DH patients are unaware of them [9].
Last but not least, patients with DH and CD often have the same associated autoimmune diseases,
such as juvenile diabetes, hypothyroidism, pernicious anemia, and connective tissue disorders [5].

A hallmark of CD is the loss of tolerance to wheat gluten with enhanced production of various
gluten-dependent autoantibodies, as a result from the gluten-induced small-bowel mucosal T-cell
activation, which is the cornerstone in the pathogenesis of the celiac pathology [10]. These circulating
CD-specific antibodies are widely used to diagnose GSE serologically before proceeding to small-bowel
mucosal biopsies. Historically, among the first serum-based antibody tests introduced in CD diagnostics
are the antigliadin antibody (AGA) [11,12], the gluten-dependent IgA-class R1-type reticulin (ARA) [13],
and endomysial autoantibody (EMA) assays [14]. In 1997, Dieterich and co-workers identified TG2
as the autoantigen of CD [15]. As various TG2-based enzyme-linked immunosorbent assays (ELISA)
became available, a new era in celiac disease case finding by serology began [16]. Later research has
shown that TG2 was also the specific protein antigen in the ARA and EMA tests [17]. As a result
of the constant development of serologic tests for CD, a new generation of assays detecting the
presence of antibodies against deamidated gliadin peptides (DGPs) as antigens appeared [18,19].
The accurate diagnosis of DH is essential, similar to CD, as the disease requires a lifelong commitment
to a GFD. It relies on few but essential specific criteria, including clinical, histologic, immunopathologic,
and serologic celiac-related markers, the latter being detected in DH patients as well [2,20]. Perilesional
biopsy with a specific DIF microscopy finding has remained the gold standard along with the presence
of suggestive clinical picture and supportive serological results [21].

Furthermore, the predictive accuracy of serological tests depends on the disease prevalence in
the population [22]. In this regard, it is of interest to analyze the performance of celiac-related tests
in patients from different countries and origin. In a previous report of a series of 78 DH patients
from Bulgaria, the prevalence of DH among other autoimmune blistering diseases was 7.45% with a
minimum estimated incidence of 0.88 cases per million annually [23].

An early event in blister formation in DH is the accumulation of neutrophils in the papillary dermis,
the upregulation of the adhesion molecules, and release of enzymes and inflammatory mediators
causing basement membrane damage and subsequent clefting, which could also explain the typical
distribution of skin lesions at sites of trauma [24]. Interleukin (IL)-17A is involved in the production
of other pro-inflammatory cytokines and matrix metalloproteinases, as well as in the attraction of
neutrophils implicated in the pathogenesis of DH [25]. However, the suggested hypothesis for the role
of IL-17A in DH pathogenesis needs further investigation.

Our study aimed to explore comparatively the performance of a panel of celiac-related
antibodies, such as anti-tTG, AGA, anti-DGP, anti-actin (AAA) antibodies, as well as cytokine
IL-17A, in a cross-sectional study of a Bulgarian cohort of DH patients.
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2. Material and Methods

2.1. Serum Samples

Sera from 26 newly diagnosed and untreated DH patients (mean age 53 ± 15 years; range
18–72 years) were collected before initiation of a gluten-free diet. All patients attended the Department
of Dermatology, Aleksandrovska University Hospital, Sofia and provided written informed consent to
participate in the study. The diagnosis of DH was based on (i) clinical presentation and (ii) presence
of granular deposits of IgA in the papillary dermis by direct IF microscopy. Sera from 20 healthy
individuals at mean age 31 ± 8 (range 21–42 years) served as controls. All sera were stored at −80 ◦C
until assayed. Female-to-male ratio for DH patients was 1:1, and for the control group 1:1.2. Age and
sex differences between the studied groups were considered as non-significant (p > 0.05). All patients
and control subjects were found negative for other autoimmune disease markers (i.e., anti-nuclear
antibodies, rheumatoid factor, and anti-neutrophil cytoplasmic antibodies).

This study was performed in accordance with the declaration of Helsinki Principles and approved
by the Ethical Committee of the Medical University of Sofia, Bulgaria.

2.2. Immune Serology Testing

Sera taken from all DH patients and control subjects were analyzed by ELISA and immunoblotting
(Line Blot) at the Laboratory of Clinical Immunology, University Hospital “St. Ivan Rilski,” Sofia.

2.2.1. Immunoenzyme Testing

ELISA commercial kits were used to determine the following celiac-related antibodies and the
pro-inflammatory cytokine IL-17A:

• anti-tTG antibodies (Anti-Tissue Transglutaminase Screen IgA + IgG, Orgentec Diagnostika
GmbH, cut-off value > 10 U/mL);

• anti-DGP antibodies (Quanta Lite Celiac DGP Screen IgA + IgG, Inova Diagnostics, Inc., San Diego,
USA, cut-off > 15 U/mL);

• AAA (Quanta Lite F-Actin IgA ELISA, Inova Diagnostics, Inc., San Diego, USA, cut-off > 20 U/mL);
• IL-17A (Human IL-17A ELISA kit, Diaclone, GenProbe, France, sensitivity < 2.3 pg/mL).

Analyses were performed following the manufacturers’ instructions.

2.2.2. Immunoblot Testing

Anti-tTG, AGA, and ASCA were assessed in serum samples by performing line blot testing
(Seraline®Zöliakie-3 IgG, Seramun Diagnostica GmbH, Germany). The assay strips were scanned with
IvD-registered Seraline Scan software with hardware key (Seramun Diagnostica GmbH, Germany).
The results were given as the relative value of intensity.

2.3. Statistical Analysis

Row data were evaluated statistically by the software package for statistical analysis (SPSS) v.19
(SPSS®, IBM 2009). We used descriptive, correlation, and receiver operating characteristics (ROC)
curve analysis to evaluate the performance characteristics of the applied tests in diagnosing DH. Results
are presented as mean ± SE (standard error) or number (%). Differences between the groups were
assessed using unpaired Student’s T-test preceded by an evaluation of normality (Kolmogorov–Smirnoff
test). The Mann–Whitney U-test was used where appropriate. A P-value of <0.05 was considered
statistically significant.
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3. Results

3.1. Serum Levels of the Celiac Disease-Related Autoantibodies and the Pro-Inflammatory Cytokine IL-17A

The mean ELISA values of the measured parameters in DH patients and the control group are
presented on Figure 1 and Supplementary Table S1. The mean levels of anti-tTG and anti-DGP
antibodies were significantly higher in DH patients compared to healthy controls (36.9 ± 20.3 IU/mL
versus 2.1 ± 0.4 IU/mL, p = 0.02, and 40.7 ± 10.2 IU/mL versus 1.87 ± 0.68, p < 0.001, respectively).
Similarly, the AAA titers significantly differed between both groups, being moderately higher in DH
sera than in the healthy subjects (22.6 ± 3.9 IU/mL versus 9.1 ± 0.9 IU/mL, p = 0.05). There was a 60-fold
increase in the concentrations of IL-17A in DH patients compared to control sera (5.3 ± 2.2 pg/mL
versus 0.08 ± 0.07 pg/mL, p = 0.031) (Figure 1A).

 
(A) 

 
(B) 

Figure 1. Mean serum levels of anti-tTG antibodies, anti-DGP, anti-actin antibodies, and IL-17A in the
study groups, assessed by (A) ELISA and (B) line blot.

The mean serum levels of the autoantibodies investigated by Line blot are also demonstrated
(Figure 1 and Table S1). There were significantly higher levels of anti-tTG and AGA antibodies in DH
patients compared to healthy controls (0.88 ± 0.24 versus 0.08 ± 0.02, p = 0.003, and 0.98 ± 0.31 versus
0.25 ± 0.08, p = 0.030, respectively). In contrast, no differences were found in the mean levels of ASCA
within the studied groups (Figure 1B).

3.2. Performance Characteristics of the Celiac-Related Antibodies Tested in DH Patients

The results of the performance of anti-tTG, anti-DGP antibodies, AAA, and AGA, assessed by
ELISA and line blot are shown in Table 1. Antibodies against tTG were found in 11 (42.3%) (IgA + IgG,
ELISA) and 12 (46%) (IgG, line blot) patients with DH. Half of the DH patients had AGA IgG (Line blot)
in their sera, and 12 (46.4%) were positive for anti-DGP antibodies. The smallest number of patients—9
(34.7%) were found positive for AAA (ELISA).

None of the control sera were tested positive for anti-tTG (ELISA and blot), AAA or
AGA, whereas one subject showed positive results for anti-DGP. This defined a specificity of
100% in distinguishing DH from healthy individuals for the test systems applied in our study,
excluding anti-DGP antibodies, which exerted a specificity of 95%.

Positive predictive values (PPV) for all tests were 100%, except for anti-DGP—90.9%. The negative
predictive values (NPV) of the test remained slightly above 50%, and the highest NPV was observed
for AGA (60%) and anti-tTG (Line blot) (59%).
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Table 1. Performance characteristics of anti-tTG antibodies, anti-DGP antibodies, AAA, and AGA,
assessed by ELISA and line blot in Dermatitis Herpetiformis patients.

Anti-tTG IgA
+ IgG (ELISA)

Anti-DGP IgA
+ IgG (ELISA)

AAA IgG
(ELISA)

Anti-tTG IgG
(Line Blot)

AGA IgG
(Line Blot)

Sensitivity 42.3% 46.4% 34.7% 46% 50%
Specificity 100% 95% 100% 100% 100%

PPV * 100% 90.9% 100% 100% 100%
NPV ** 57% 57.1% 54.1% 59% 60%

* PPV, positive predictive value; ** NPV, negative predictive value.

3.3. ROC Curve Analysis of the Celiac Disease-Related Antibodies and IL-17A in DH Patients

The ROC curve analyses of the ELISA tests revealed the best performance of anti-DGP antibodies
(AUC 0.939, p < 0.001), followed by anti-tTG antibodies testing (AUC 0.864, p = 0.002) (Supplementary
Table S2). We did not find significant AUC for AAA. According to IL-17 serum levels, our results
demonstrated excellent performance of the test (AUC 0.811, p< 0.05) (Figure 2A). From the celiac-related
antibodies assessed by line blot, anti-tTG testing alone had significant AUC of 0.734, while the other
tests showed unsatisfactory performance (Figure 2B).

(A) (B) 

Figure 2. Receiver operating characteristics (ROC) curve analysis of the tested parameters, assessed by
(A) ELISA and (B) line blot.

3.4. Correlation between Tests

The results of all tests showed good to excellent correlation to each other (r = 0.5÷0.9, p < 0.01)
(Table 2). The strongest correlations were established for the following pairs of antibodies, all of them
assessed by ELISA: anti-tTG—IL-17A (r = 0.938, p < 0.001), anti-tTG – anti-DGP (r = 0.894, p < 0.001),
and anti-tTG—AAA (r = 0.863, p = 0.001). In comparison, the correlation between anti-DGP antibodies
and IL-17A was evaluated as a weak one (r = 0.452, p = 0.031). Anti-tTG ELISA levels moderately
correlated with anti-tTG assessed by line blot (r = 0.520, p = 0.003) (Table 2).
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Table 2. Correlation between tests. Results are presented as Pearson’s coefficient (r) and significance (p).

Anti-tTG
(ELISA)

Anti-DGP
(ELISA)

AAA
(ELISA)

IL-17A
(ELISA)

Anti-tTG
(Line Blot)

AGA
(Line Blot)

Anti-tTG
(ELISA)

r = 0.894
p < 0.001

r = 0.863
p = 0.001

r = 0.938
p < 0.001

r = 0.520
p = 0.003

r = 0.507
p = 0.076

anti-DGP
(ELISA)

r = 0.502
p = 0.009

r = 0.452
p = 0.031

r = 0.532
p = 0.001

r = 0.346
p = 0.038

AAA
(ELISA)

r = 0.692
p < 0.001

r = 0.112
p = 0.500

r = 0.221
p = 0.186

IL-17A(ELISA) r = 0.079
p = 0.676

r = −0.222
p = 0.238

Anti-tTG
(Line blot)

r = 0.678
p < 0.001

AGA
(Line blot)

All Pearson’s coefficients were calculated by bivariate correlation, except for the line blot results where the Spearman
coefficient was calculated via Chi-square test.

4. Discussion

Growing evidence shows that patients with DH may possess most of the specific autoantibodies
that can be found in patients with CD, including circulating autoantibodies against gliadin, tTG, and
DGP [1]. On the other hand, conflicting results were obtained by the use of the anti-DGP ELISA
for detecting gluten enteropathy in DH patients. Previously reported sensitivities for IgA anti-DGP
antibodies vary from 46% to 78% [20,26]. In this study, the relative sensitivities and specificities
of a panel of CD-related autoantibodies in Bulgarian patients with DH were compared with the
reactivities of control healthy subjects. We included conventional celiac-related antibodies—anti-tTG,
anti-DGP, and AGA, as well as AAA, the latter being used for non-invasive evaluation of villous
atrophy. ASCA were tested along with other antibodies due to the presence of coated Mannan on
the Line blot. Moreover, we were interested in assessing the serum levels of IL-17A in DH patients.
We chose not to compare EMA with the other autoantibodies in our celiac-related panel due to the
subjective semiquantitative nature of EMA testing that is not easy to standardize.

All investigated celiac-related antibodies—anti-tTG, anti-DGP, and AGA, independent of the
used method (ELISA or Line blot), were significantly higher in the DH group compared to the healthy
controls. Nevertheless, the sensitivity and specificity of the applied tests were acceptable. We found
that 42.3% of our DH patients were positive for anti-tTG (IgA + IgG) assessed by ELISA. When we
tested the serum samples for IgG anti-tTG by line blot, we found a higher sensitivity of 46%. Half of
the DH patients had IgG AGA (Line blot) in their serum samples, and 46.4% had anti-DGP (ELISA)
antibodies. We also defined the specificity of 100% for anti-tTG (ELISA and line blot), AAA, and AGA
in discriminating DH from healthy persons, as well as a specificity of 95% for anti-DGP antibodies.
These results are in accordance with other studies, demonstrating sensitivity ranges between 47% and
100% and specificity ranging 90% to 100% for celiac-related antibodies in patients with DH [9,27–32].
PPVs for all tests were 100%, except for anti-DGP, which was 90.9% due to one positive healthy
individual. Unfortunately, the NPVs of the tests remained slightly above 50%, and the highest NPV
was observed for AGA (60%) and anti-tTG (59%) assessed by line blot. However, during the last decade,
only a few studies updated this information. Thus, our results contribute to previously published
literature data.

Comparing tests by the ROC curve analyses, the best performance was revealed for anti-DGP
antibodies, followed by anti-tTG (ELISA) testing and anti-tTG (Line blot) antibodies. Although the
specificity of AGA was 50%, the AUC of 0.600 was non-significant and therefore, unreliable.
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Among all celiac-related serological tests, IgA anti-tTG antibodies have been considered the most
sensitive and specific ones that should be tested in patients with DH symptoms [1]. Since some patients
with DH or CD may have selective IgA deficiency, we chose the dual IgG/IgA test system to exclude
false-negative results. [27,33]. In our study, the performance of anti-DGP in diagnosing DH was
shown to be superior to the anti-tTG antibodies. In previous comparative studies among DH patients,
the sensitivity and specificity of anti-DGP were either lower than those of anti-tTG and EMA, similar,
or superior to them [34], as it is in the present study. The possible explanations for such discrepancies
lie in the fact that anti-DGP and AGA, which are directed against deamidated gliadin peptides and
whole gliadin peptide, respectively, are related to the presence of intestinal damage, whereas antibodies
against the converting enzyme tTG are linked not only to mucosal but also to skin lesions as well [34].
However, current knowledge has shown that the available serologic armamentarium lacks sensitivity
when used in patients with mild or minor enteropathy [35,36]. The similarity of DH and CD related to
the enteropathy makes DH a fascinating model of skin CD, where papulovesicular and pruritic rash
can be concomitant with a broad spectrum of intestinal damage varying from normal structure to
villous atrophy [37]. However, DH is the second gluten-sensitive disorder exhibiting varied histological
damage where one can assess the performance of the celiac serology [34]. In the present study, we chose
to assess by ELISA anti-tTG and anti-DGP antibodies of both IgA and IgG subclasses. The results
obtained allowed us to conclude that the combination of both isotypes of anti-DGP assays has higher
specificity than IgA anti-tTG.

There is an insufficient number of investigations regarding anti-actin testing in DH patients. Of the
26 patients with DH in our study, nine were positive for AAA. However, no significant differences
were found in the serum levels of AAA in DH patients and healthy controls. Serum levels of IgG AAA
were assessed by ELISA in a single study on a series of 10 adult Romanian DH patients. The authors
documented sensitivity and specificity of 33.3% and 100%, respectively, for AAA in DH patients [38].
Our results also showed that the AUC for AAA was unacceptable and therefore not reliable for the
DH diagnosis.

We did not find differences in the mean levels of ASCA within the studied groups. Although ASCA
have been reported to be positive in about 30% of CD patients [39], which was also confirmed by us in a
cohort of Bulgarian CD patients [40], there were no data regarding ASCA in DH patients available so far.

Concerning the IL-17A, in a single study Zebrowska et al. documented significantly higher
expression of this cytokine in the epidermis (perilesional skin) and the serum of DH and bullous
pemphigoid patients, compared to the control group [41]. We also detected 60-fold higher concentrations
of IL-17A in DH patients compared to healthy controls (p = 0.031). Two studies provided data for
the involvement of IL-17A in DH pathogenesis. Juczynska et al. demonstrated increased expression
of JAK/STAT proteins in skin lesions in patients with DH and bullous pemphigoid in comparison to
perilesional skin and control group [42]. They suggested that pro-inflammatory cytokine network and
induction of inflammatory infiltrate in tissues can contribute to the pathogenesis of skin lesions in
both diseases. Surprisingly, serum IL-17 demonstrated excellent performance in our study (AUC 0.811,
p = 0.008), which could be of benefit for the clinical practice.

We found good to excellent correlation (r = 0.5 ÷ 0.9, p < 0.01) between the tests.
The strongest correlations were established for the following pairs: anti-tTG (ELISA)—IL-17A,
anti-tTG (ELISA)—anti-DGP antibodies, and anti-tTG (ELISA)—AAA. These results suggested a good
coincidence between the different tests in diagnosing DH. There was a moderate correlation between
anti-tTG antibodies estimated by ELISA and by line blot, which is not encouraging regarding the
interchangeability between the two methods for anti-tTG detection. Previous studies showed similar
correlations between celiac-related antibodies in patients with GSE [40].

This study has some limitations. The relatively small size of the study population might have
affected the significance of the results. The lack of data on anti-TG3 is another weak point of the present
work. We assume that further research involving a larger number of DH patients and newly emerging
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test systems for detection of other transglutaminase antibodies (TG3 and/or TG6) would clarify the
findings presented in the current study and may have a significant impact on the clinical practice.

5. Conclusions

Serologic tests are important noninvasive screening tool among symptomatic patients with clinical
suspicion of DH that can help select patients for diagnostic DIF analysis. Furthermore, such tests
are helpful in the resolution of ambiguous and false-negative DIF results. The usability of serologic
DH tests is defined by their sensitivity and specificity, which are quite variable based on current data.
This is due to scarcity of data from limited populations.

In this respect, serologic testing with a panel of celiac-related antibodies, rather than individual
ones, may be successfully employed to support the diagnosis of DH. In our study, the performance of
anti-DGP in diagnosing DH was shown to be superior to that of anti-tTG antibodies. In addition, the best
performance (ROC curve analysis) was revealed for anti-DGP antibodies followed by anti-tTG ELISA.
This is the first such study among Bulgarian patients and hopefully more will follow. Further studies
among different populations are needed in order to improve evidence-based results and to decrease
interpolation of data.

Supplementary Materials: The following are available online at http://www.mdpi.com/1010-660X/55/5/136/s1,
Table S1: Serum levels of the celiac-related antibodies and IL-17A in DH patients and controls, investigated by
ELISA and immunoblot. Results are presented as Mean ± SE (Range). Table S2: Receiver operating characteristics
(ROC) curve analysis of the tested parameters assessed by ELISA and line blot.
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Abstract: Celiac disease (CD) is an autoimmune enteropathy that primarily affects the small intestine
and is characterized by atrophy of intestinal villi. The manifestations of the disease improve following
a gluten-free diet (GFD). CD is associated with various extra-intestinal diseases. Several skin
manifestations are described in CD patients. The present paper reviews all CD-associated skin
diseases reported in the literature and tries to analyze the pathogenic mechanisms possibly involved
in these associations. Different hypotheses have been proposed to explain the possible mechanisms
involved in every association between CD and cutaneous manifestations. An abnormal small
intestinal permeability seems to be implicated in various dermatological manifestations. However,
most of the associations between CD and cutaneous diseases is based on case reports and case series
and a few controlled studies. To better assess the real involvement of the cutaneous district in CD
patients, large multicentric controlled clinical trials are required.

Keywords: gluten; gut; enteropathy; gluten-free diet; level of evidences

1. Introduction

Celiac disease (CD) is an autoimmune disorder that occurs in genetically predisposed subjects
who develop an immune reaction to gluten [1]. CD primarily involves the small intestine. However,
the clinical presentation can be characterized by both intestinal and extra-intestinal manifestations.
The incidence of CD is up to 1% in the majority of populations. Genetic factors play an important role
in the pathogenesis of CD. The almost totality of the patients with CD possess class II human leukocyte
antigen (HLA) -DQ2 and -DQ8, or their variants. However, up to 40% of people with European and
Asian origins carries these genes, indicating that the expression of these molecules is necessary, but not
sufficient, to develop the disease [2].

The intestinal immune response to gluten is present in two sites: The lamina propria and the
epithelium [3]. Both the lamina propria (adaptive) and intraepithelial (innate) immune responses are
necessary for the generation of the pathological celiac lesion, but how these two processes interact
is not clear [1]. The presentation of CD has shifted from the historically classic malabsorption
pediatric symptoms in childhood to non-specific symptoms, which may be present also in adulthood.
The symptoms classically include weight loss, chronic diarrhea, and failure to thrive. Non-specific
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symptoms are more common and include gastrointestinal manifestations, such as bloating, abdominal
pain, constipation, as well as extra-intestinal manifestations, as osteoporosis, headache, iron deficiency,
and chronic fatigue [4,5].

In the last years, skin diseases are acquiring more and more importance among the extra-intestinal
manifestations of CD [4]. The aim of this review is to summarize the association between cutaneous
diseases and CD. For this reason, searches were undertaken in the PubMed/Medline database in
March 2019 using the following terms: A combined research of “celiac disease” and “skin”, “blistering
diseases”, “cutaneous manifestations”, “pemphigus”, and other skin disorders. In this way, 7923 articles
were found and 100 were selected as reported in Figure 1. In addition, the studies were rated using the
Oxford Centre for Evidence Based Medicine 2011 and levels of evidence assigned to each association [6].
The assigned levels of evidence were discussed among members until consensus was reached (Table 1).
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Table 1. Level of evidences of the association between celiac disease and skin disorders.

Disorders Associated Level of Evidence

Pemphigus 4

Dermatitis herpetiformis 1A

Linear IgA bullous dermatosis 4

Urticaria 2B

Hereditary angioneurotic edema 4

Atopic dermatitis 4

Cutaneous vasculitis 4

Erythema nodosum 4

Erythema elevatum diutinum 4

Necrolytic migratory erythema 4

Psoriasis 1A

Vitiligo disease 3B

Stomatous Aphtitis 2A

Behçet’s disease 4

Oral lichen planus 3B

Dermatomyositis 4

Porphyria 4

Rosacea 2B

Alopecia areata 3B

Acquired hypertrichosis lanuginosa 5

Pyoderma gangrenosum 4

Ichthyosiform dermatoses 4

Pellagra 5

Generalized acquired cutis laxa 5

Skin malignancies 2B

Levels of evidence: 1A Systematic Reviews of Randomized Control Trials; 1B Individual RCT; 2A Systematic
Reviews of cohort studies; 2B Individual cohort study; 3A Systematic Reviews of case-control studies; 3B Individual
Case-Control Study; 4 Case-series (and poor quality cohort and case-control studies); 5 Expert opinion without
explicit critical appraisal.

2. Blistering Diseases

Blistering diseases are characterized by the formation of bullae, blisters, and erosions on the
cutaneous surface. Among them pemphigus, dermatitis herpetiformis and linear IgA bullous
dermatosis may be related to CD.

2.1. Pemphigus

Pemphigus is a group of autoimmune diseases characterized by the formation of flaccid bullae
and erosions of the mucosae and skin [7]. In 2014, an association among pemphigus, epilepsy, and CD
was reported [8]. Various case reports associate pemphigus with the positive blood markers of CD,
and in particular IgA anti-gliadin (AGA) and anti-endomysium (EMA) antibodies [8,9]. In this case,
instauration of a gluten-free diet (GFD) may induce pemphigus disappearance [9].
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2.2. Dermatitis Herpetiformis

Dermatitis herpetiformis (DH) or Duhring-Brocq disease is an inflammatory skin disease
characterized by a chronic relapsing course and typical histopathological and immunopathological
findings. It presents as symmetrical, grouped polymorphic lesions consisting of erythema, urticarial
plaques, and papules involving the extensor surfaces of the elbows, knees, shoulders, buttocks,
sacral region, neck, face, and scalp. Herpetiform vesicles may occur later and are often immediately
excoriated, resulting in erosions, crusted papules, or areas of post-inflammatory dyschromia. Petechial
or ecchymotic lesions may occur in the palmoplantar regions and are observed more frequently in
children. DH is the most common extra-intestinal manifestation of CD in >85% of cases and it improves
significantly with a GFD. In fact, DH and CD share the same HLA haplotypes, DQ2 and DQ8 [10].
Various authors showed the decreasing incidence rate of DH, along with a simultaneous rapid increase
in CD. This fits the hypothesis that subclinical, undiagnosed CD is a prerequisite for the development
of DH [11].

Moreover, patients with DH have elevated levels of IgA anti-transglutaminase antibodies both
TG2 and TG3, which are the most sensitive and specific antibodies to be tested in patients with
a suspected DH [12]. At present, a valid hypothesis is that the immune pathogenesis of DH starts from
hidden CD in the gut with a TG2, and possibly also a TG3, autoantibody response and evolves into
an immune complex deposition of high avidity IgA TG3 antibodies together with the TG3 enzyme in
the papillary dermis. This seems to be due to the active TG3 enzyme in the aggregates resulting in
covalent cross-linking of the complex to the dermal structures [13].

A small bowel biopsy shows typical CD alterations in almost all these patients, including:
Partial-to-total villous atrophy, elongated crypts, decreased villus/crypt ratio, increased mitotic
index in the crypts, increased intraepithelial lymphocyte (IEL) density, increased IEL mitotic index,
infiltration of plasma cells, lymphocytes, mast cells, and eosinophils and basophils into the lamina
propria [14]. The histology of DH is characterized by subepidermal vesicles and blisters associated
with the accumulation of neutrophils at the top of dermal papillae. Sometimes, eosinophils can be
found within the inflammatory infiltrate, making difficult the differential diagnosis with bullous
pemphigoid. The histopathology of DH is not diagnostic as other bullous diseases, including linear
IgA dermatosis and epidermolysis bullosa acquisita, which may show similar histologic findings [10].
It is important to obtain a skin fragment near the vesicle for histopathological analysis to identify
neutrophilic micro-abscesses. Neutrophils and eosinophils on the top of dermal papillae may form
the Piérard micro-abscess, which are typical of this dermatosis, but not pathognomonic. The direct
immunofluorescence histology of perilesional skin affected is the gold standard to confirm the
diagnosis. It shows the deposition of IgA1 in granular pattern in the lamina lucida of the basement
membrane zone. The deposits of IgA in a linear pattern can be found in less than 5% of cases.
Indirect immunofluorescence can be used to evaluate the presence of autoantibodies and circulating
anti-gliadin, anti-endomysial, anti-reticulin IgA, and anti-epidermal transglutaminase antibodies
(anti-tTG) [15]. The first-choice treatment of DH is a strict, life-long GFD which can lead to the
resolution of cutaneous and gastrointestinal manifestations with relief in the itching and burning
sensation of the vesicle-erythematous-papule.

However, in the first month after the diagnosis or in the inflammatory phases of the disease,
in which a GFD alone would not be enough to resolve the cutaneous manifestations, several drugs can
be used, including dapsone, steroids or sulfones [10,15].

2.3. Linear IgA Bullous Dermatosis

Linear IgA bullous dermatosis (LABD) is a rare dermatosis characterized by small vesicles and
erythematous papules. Pruritus is almost always present with an acute or gradual onset. Up to 24% of
the patients affected by LABD also present gluten sensitivity enteropathy and they are responsive to
a GFD [16]. LABD and CD often share the same HLA haplotype (i.e., A1, B8, DR3). Although very few
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case reports have been found in the literature, some authors suggested an association between LABD
and gluten sensitivity [16].

3. Urticaria

Urticaria is characterized by intensely pruritic, raised wheals, with or without edema of the
deeper cutis. It is usually self-limited, but can be chronic. Chronic urticaria (CU) is defined by
recurrent episodes occurring at least twice a week for 6 weeks [17]. The association between CD
and CU is widely debated. Ludvigsson and collaborators examined the association between CD and
urticaria in 28,900 patients with biopsy-verified CD: 453 patients with CD and no previous diagnosis
of urticaria developed urticaria and 79 of these 453 had CU. This confirms that CD is associated with
urticaria, especially in its chronic form [17]. CU has been shown to have a genetic association with
the human leukocyte antigen HLA-DQ8 alleles. Interestingly, HLAD-Q8 has an association with
CD [18]. It has been shown that in CU, there are IgG autoantibodies that inappropriately activate mast
cells. The inflammatory response generated in CD probably activates the cells that produce the IgG
autoantibodies in CU. It has also been shown that, in patients affected by CD and urticaria, a GFD
leads to complete remission of urticaria [19].

4. Hereditary Angioneurotic Edema

Hereditary angioneurotic edema (HANE) is an autosomal dominant genetic disease due to
a C1-esterase inhibitor deficiency that leads to an overproduction of bradykinin, causing an increase
in vascular permeability. It is characterized by recurrent, marked and diffuse swellings of the
subcutaneous and submucosal tissues, painful abdominal attacks, and laryngeal edema with airway
obstruction. The symptoms in HANE might be mediated by the activation of the complement system
and recent clinical data indicate that the major mediator of angioedema is bradykinin [20]. The therapy
consists mainly in the C1-esterase inhibitor concentrate and fresh frozen plasma [20]. The association
between CD and hereditary angioneurotic edema, was first reported by Farkas and co-workers [21].
The activation of the pathways of the complement system plays an important role in the pathogenesis of
CD and HANE. Gluten ingestion can stimulate complement activity as well as HANE is characterized
by an activation of the classic complement pathway [22]. Screening hereditary angioedema patients for
CD is warranted if abdominal attacks or neurological symptoms persist despite adequate management.
Complement testing is recommended whenever abdominal symptoms persist despite the histological
and serological remission of gluten-sensitive enteropathy after the introduction of a GFD [22].

5. Atopic Dermatitis

Atopic dermatitis (AD) is a chronic inflammatory skin disease associated with a heterogeneous
group of symptoms and signs. Cutaneous signs and symptoms include erythema, lichenification,
prurigo nodules and itch. AD affects 40 million individuals worldwide, and its prevalence is still
increasing. Notably, AD appears to be more prevalent among children under five years of age with
a decrease in adulthood. The onset of AD occurs primarily in childhood and is thought to precede
allergic disorders mediated by IgE sensitization to environmental antigens in the patient affected
by atopic triad, as well as AD, asthma, and allergic rhino-conjunctivitis. The complex interaction
between genetics, environmental factors, microbiota changes, skin barrier deficiency, immunological
derangement, and possibly autoimmunity, contributes to the development of this skin disease [23].
AD has also been linked to CD. Ress and coworkers analyzed the prevalence of CD in children with
AD compared with a general pediatric population and showed a four-fold greater risk of developing
CD in patients with AD (OR, 4.18; 95% CI, 1.12–15.64). This association may be explained, considering
the common cytokine pathways between the two diseases and the screening for CD in patients with
AD must be considered in order to prevent the long-term complications of CD [24].
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6. Cutaneous Vasculitis

Vasculitis is an inflammatory process affecting the vessel wall and leading to its compromise
or destruction with subsequent ischemic and hemorrhagic events. Cutaneous vasculitis is generally
characterized by petechiae, palpable purpura and infiltrated erythema indicating dermal superficial,
small-vessel vasculitis, or less commonly by nodular erythema, deep ulcers, livedo racemosa, and digital
gangrene implicating deep dermal or subcutaneous, muscular-vessel vasculitis [25]. A skin biopsy,
extending to subcutis and taken from the earliest, most symptomatic, reddish or purpuric lesion,
represents the gold standard for the diagnosis of cutaneous vasculitis. The association between CD
and cutaneous vasculitis has been described in several reports [19]. Leukocytoclastic vasculitis (LV),
also known as hypersensitivity vasculitis, is a small vessel vasculitis, and it is thought to result from the
deposition of circulating immune complexes into the vessel walls, specifically in dermal post-capillary
venules, activating the complement pathway. LV is usually limited to the skin and may manifest as
palpable purpura, maculopapular rash, bullae, papules, nodules, or ulcers [26]. Meyers et al. reported
a case of a young woman, affected by uncontrolled CD, who presented cutaneous LV with the remission
of skin lesions after the treatment with a GFD. The coexistence of these two entities might be related
to increased intestinal permeability. Exogenous antigens may permeate the damaged CD mucous in
larger quantities than normal. This may explain the elevated gluten fraction antibody titer. Moreover,
circulating immune complexes are well documented in CD. They probably originate because of the
impaired phagocytic function of the reticular endothelium system and subsequently they are deposited
in the skin [27,28]. The treatment with a GFD may improve CV lesions in cases associated with CD [28].

7. Erythema Nodosum

Erythema nodosum (EN) is the most common form of panniculitis. It classically presents as
tender, warm, erythematous subcutaneous nodules on the bilateral pretibial areas. Although it can
occur in both sexes and at any age, it affects predominantly young women [29]. EN associated with
CD was reported three times since 1991. It was proposed that the augmented intestinal permeability to
various antigens may provoke the skin hypersensitivity reaction [30]. Generally, EN resolves within
8 weeks but as an active disease, it may last up to 18 weeks, and even for a longer period when the
antigenic stimulus persists. Furthermore, it has been reported in the literature that CD may coexist
with sarcoidosis which is a common cause of EN [31]. EN associated to CD may be far more common
than expected. All patients with recurrent or persistent EN of unknown origin should be screened for
an underlying CD.

8. Erythema Elevatum Diutinum

Erythema elevatum diutinum (EED) is a rare, chronic and treatable skin condition. The etiology of
the disease is unknown, but it has been suggested to be related to high circulating levels of antibodies
formed in response to repeated infection. It has many histological mimics and is often associated with
several systemic diseases [32]. EED is considered to be a variant of leukocytoclastic vasculitis clinically
manifesting as asymptomatic to painful erythematous papules, plaques or nodules, which are usually
distributed symmetrically on the extensor surfaces of extremities. It is rarely accompanied by systemic
features other than arthritis [32]. Rodriguez-Serna et al. described for the first time, the association
between CD and EED in an 11-year-old girl, considering it not a coincidence. With the beginning
of the GFD, the cutaneous lesions disappeared and anti-gliadin antibody levels returned to normal.
Both conditions have an immune basis in which the increase in IgA appears to play an important
role [33]. The pathogenesis of EED is characterized by immune complex deposition, resulting in
complement activation, neutrophilic infiltration, and the release of destructive enzymes [32]. Tasanen
and others described the presence of granular deposits of IgA and C3 at the derma-epidermal junctions
in the affected skin of a patient who presented with EED and CD [34]. Therefore, it is important to
evaluate the presence of CD in patients with EED.
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9. Necrolytic Migratory Erythema

Necrolytic migratory erythema (NME) is the acronym used for the first time by Wilkinson,
to describe the characteristic cutaneous pathology related to glucagonoma. It presents with red-blotch
rashes, irregular edges and with vesicles that can be intact or followed by crusting erosions. Frequently,
it affects the skin surrounding the lips and upper limbs, more rarely the lower limbs, the abdomen,
the groin, the perineum and the buttocks. The affected areas may appear dry or fissured. Initially,
the lesion may be exacerbated by pressure or trauma. The phases of lesion development are
observed synchronously. Most of the patients have angular cheilitis, stomatitis, glossitis, alopecia,
and gastrointestinal symptoms, such as weight loss and diarrhea [35]. NME develops in approximately
70% of patients with glucagonoma syndrome. The etiology is still unclear although a very strong
relationship has been noted between hypoaminoacidemia, zinc and a fatty acids deficit due to
malabsorption with the severity of NME. A further relationship with NME has been shown in
inflammatory autoimmune diseases, such as CD. In fact, the patients affected by CD, who developed
the NME, substantially improved the severity of the latter by following a GFD [36].

10. Psoriasis

Psoriasis is a very common chronic inflammatory disease characterized by scaly, well-demarcated,
erythematous plaques affecting up to 2% of the general population. The lesions are distributed on
different parts of the body, in particular the elbows, knees, trunk, hands and feet [37]. The disease-related
quality of life is significantly reduced in patients affected by psoriasis [38]. Psoriatic patients are more
likely to have other concomitant autoimmune diseases, such as ulcerative colitis and Crohn disease.
CD may be considered as part of these groups. A recent study showed that psoriatic patients have
a 2.2-fold risk of being diagnosed with CD compared to healthy controls [39]. A metanalysis showed
that IgA AGA, were positive in approximately 14% of psoriatic patients versus 5% of matched controls.
Moreover, there was a correlation between the CD antibody positivity and the severity of psoriatic
manifestations. Interestingly, the elevated CD antibodies did not always lead to a biopsy-confirmed
diagnosis of CD, suggesting that an association between psoriasis and gluten sensitivity, marked by
antibody positivity, may be present even in the absence of CD [40]. Psoriasis and CD share different
biological mechanisms. Various susceptibility loci are common to both diseases, in particular genes
regulating innate and adaptive immune response, such as RUNX3, TNFAIP3, SOCS1, ELMO1, ETS1,
ZMIZ1, UBE2L3.34-36, and SH2B3 [41]. Psoriasis and CD have also both been linked to dysregulation
in the pathways of Th1, Th17 cells, gamma-delta t-cells and an increased intestinal permeability [42].
Although there are no big clinical trials regarding this argument, a GFD seems to be beneficial for
psoriatic patients. Two small clinical trials showed a decrease in serological markers of CD after
a GFD and one showed a significant reduction in the psoriasis area severity index. Three case reports
also documented the resolution of psoriasis after a GFD [40]. There is also an Italian multicenter
study showing that 7 out of 8 patients affected by CD and psoriasis who underwent a GFD showed
a significant improvement in the psoriasis area severity index, suggesting a role of gluten in the
pathogenesis of both diseases [43].

11. Vitiligo Disease

Vitiligo is an acquired disease characterized by skin depigmentation with the formation of
circumscribed white macules, without melanocytes. It predominantly affects the photoexposed areas of
the body and the darker phototypes. The disease affects approximately 1% of people in the world and it
is often a pathology with inherited characteristics [44]. The etiology is complex and not entirely known.
The present dogma suggests that several genetic factors render the melanocyte fragile and susceptible
to apoptosis, thus predisposing individuals to developing vitiligo [45]. The association between vitiligo
and autoimmune diseases has not yet been fully explained, but genetic data have provided important
insights. The susceptibility genes that were identified encode components of the immune system,
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supporting the hypothesis of a deregulated immune response in vitiligo (HLA class I and II, PTPN22,
IL2Rα, GZMB, FOXP3, BACH2, CD80, and CCR6) [46]. The relationship between vitiligo and CD
is controversial. The study of Shahmoradi et al. analyzed the frequency of celiac autoantibodies in
a group of vitiligo patients compared with the control, involving 128 individuals, 64 vitiligo patients
and 64 individuals as the control group [47]. Both IgA EMA and anti-transglutaminase antibodies were
measured by the ELISA method in the serum of all participants. The serum of the two vitiligo patients
was positive for antibodies. All control groups were seronegative for these antibodies (p < 0.05).
This study may indicate that both of these autoimmune diseases may be stimulated by a common
signal in the immune system that is triggered by a gluten rich diet [47].

12. Behçet’s Disease

Behçet’s disease (BD) is a chronic-relapsing inflammatory pathology of unknown etiology,
characterized by frequent episodes of oral and/or genital ulcers, iritis, associated with various systemic
manifestations such as joint, cutaneous and vascular lesions [48]. Behcet’s disease can be traced back
to an abnormal immune response due to the exposure to a particular antigen in individuals with
a genetic predisposition. The onset is between 10 and 30 years with a clear prevalence of the male sex
5–10 times more than women [49]. The stories of oral ulcers and enamel defects have been reported
in approximately 25% of patients with CD [50]. There are a few studies in the literature that have
elucidated a possible association between BD and CD. Caldas et al. evaluated the association between
the two diseases in a 40-year-old woman who presented with asymmetric polyarthralgia, loss of
weight, anemia, oral recurrent aphthas (>3/year) and genital ulcerations, inflammatory lower back
pain, bowel bleeding and abdominal colic. The biopsy confirmed the diagnosis of CD and a GFD was
applied with clinical improvement [51]. Ultimately, it would be desirable for patients with BD to be
better investigated for a possible undiagnosed CD.

13. Aphthous Stomatitis

Recurrent aphthous stomatitis (RAS) is a common clinical condition that produces painful
ulcerations in the oral cavity. RAS is characterized by multiple recurrent small, round, or ovoid ulcers
with circumscribed margins, erythematous haloes typically first presenting in childhood or adolescence.
RAS has been recognized for many years as a symptom of CD. A recent meta-analysis showed that
celiac patients have greater frequency of RAS (OR = 3.79; 95% CI = 2.67–5.39). RAS patients should be
considered at-risk subjects, even in the absence of any gastrointestinal symptoms and should therefore
undergo a diagnostic procedure for CD [52]. The etiopathology of RAS is unclear. It is not known
whether RAS lesions are directly influenced by the gluten sensitivity disorder, or if they are related
to hematinic deficiency with low levels of serum iron, folic acid, and vitamin B12 or trace element
deficiencies due to the malabsorption in patients with untreated CD.

14. Oral Lichen Planus

Oral cavity may be involved in CD. The oral manifestations associated to CD are recurrent
aphthous stomatitis, glossitis, dental enamel defects, angular cheilitis, burning mouth and oral lichen
planus. Oral lichen planus (OLP) is a chronic inflammatory disorder that affects the oral mucosa,
gums and tongue with a spectrum of clinical manifestations, including atrophic, erosive, keratotic and
ulcerative lesions [53]. OLP, as CD, is characterized by a T-cell autoimmune pathogenesis. Cigic et al.
evaluated the prevalence of CD in patients with OLP compared to the controls. In this study, AGA and
anti-tTG, were evaluated in 56 OLP patients [54]. CD was diagnosed in eight OLP patients (14.29%)
and six OLP patients (10.71%) were positive for IgA Ttg. This confirms the increased frequency of CD
in OLP patients [54]. Some erosive, atrophic and ulcerative oral lesions may be caused by underlying
haematinic deficiencies associated to the nutrient malabsorption status of CD patients [55].
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15. Dermatomyositis

Dermatomyositis (DM) is a rare autoimmune disease that preferentially affects the skin, lungs,
muscles and blood vessels and is characterized by proximal and symmetrical muscle weakness with
inflammation and damage to the parenchymal cells, causing erythematous and edematous skin
manifestations. Usually this is an idiopathic disease. However, it can be associated with other
concomitant connective tissue pathologies [56]. It can sometimes occur as a paraneoplastic syndrome
associated with gastrointestinal or ovarian malignancies [57]. DM is characterized by the presence
of autoantibodies, even if the mechanisms of inflammation and cell damage still remain unclear
today [58]. The inflammatory infiltrate in the muscular tissue of DM is represented by T CD4+, B cells
and dendritic cells which are preferentially localized around perimysial blood vessels and peripheral
areas [59,60]. The inflammation causes damage to the parenchyma and to the blood vessels, so the
histological examination shows the presence of a perimysial atrophy, a predominantly perivascular
and interfascicular inflammation [59]. The typical histological findings on skin biopsy are vacuolar
interface dermatitis with apoptosis, necrotic keratinocytes, and perivascular lymphocytic infiltrate
and mucin deposition in the dermis. The inflammatory infiltrate in DM muscle tissue consists of
CD4+ T cells, B cells, and dendritic cells that primarily concentrate around perifascicular areas and
perimysial blood vessel [58]. Several case reports have highlighted the association between DM and
CD [57,61–64].

16. Porphyria

Porphyria, derived from the ancient Greek word “porphura”, that is purple, is a group of nine rare
diseases: Acute intermittent porphyria (AIP), hereditary coproporphyria (HCP), variegated porphyria
(VP), delta-aminolevulinic acid dehydratase deficiency porphyria (ADP), porphyria cutanea tarda
(PCT), hepatoerythropoietic porphyria (HEP), congenital erythropoietic porphyria (CEP), erythropoietic
protoporphyria (EPP), and X-linked protoporphyria (XLP), characterized by metabolic alterations and
caused by malfunctioning of the enzymes involved in the biosynthesis of heme with the accumulation
and excretion of porphyrins and their precursors in tissues [65]. The enzyme activity decreases
and involves an overproduction of heme precursors, except in XLP [66]. HEP rarely cause clinical
manifestations before puberty, as opposed to EPP that manifests symptomatically in the early stages.
The precursors of heme of various types accumulate in the liver or bone marrow, which are the most
active tissues for the production of heme. All these mechanisms underlie the classification of porphyria
as hepatic or erythropoietic. It generally occurs with cutaneous manifestations due to phototoxicity, or
with neurological changes such as acute attacks. Based on these differences, the porphyrias are classified
as acute or cutaneous. Phototoxicity can occur in all porphyrias, except in ADP and AIP [65]. The urine
of patients with this condition may be dark or reddish due to the presence of an excess of porphyrins
and related substances. These substances are photosensitizing, and their accumulation causes skin
fragility, bullae, scars, hirsutism and the characteristic pigmentation on the photo-exposed areas.
This is due both to the release of mediators by leukocytes and mast cells and to the activation of the
complement, determining the inflammatory response after photoexposure [67]. Some studies, such as
Twaddle and collaborators, have shown a random diagnosis of CD in patients with porphyria [68].
In fact, CD is often associated with DH, underlining some common characteristics of the latter with
porphyria. In the VP, the accumulation of 5-aminolevulinic acid and of porfobilinogen provokes both
gastrointestinal manifestations and an acute neuropsychiatric syndrome. In this regard, it is important
to underline how other works have shown, in patients suffering from CD, a reduction of acute attacks
of VP during the GFD [69].

17. Alopecia Areata

Alopecia areata (AA) is a complex, polygenic pathology with autoimmune etiology, which results
in the transitory, non-scarring hair loss and the preservation of the hair follicle. By prevalence,
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it represents the second cause of non-scarring alopecia [70,71]. Clinically, hair loss in alopecia areata
manifests itself through very different models. The most frequent pattern is characterized by a small
annular or irregular lesion (alopecia areata to patches), usually localized on the scalp, being able to
progress until total hair loss, and in this case, the discussion is about total alopecia, associated or not
with total loss of all body hair [70]. A biopsy performed on the affected skin shows a lymphocyte
infiltrates around the bulb or in the lower part of the hair follicle, thus it suggests an immunological
etiology like CD. Recent studies focused on chromosome 6 and more specifically, on the HLA region as
the most probable region for the genes that regulate susceptibility to AA [72]. Linkage studies based on
a genome-wide association study analysis, have identified an association with many chromosomes and
show that AA is a very complex polygenic pathology [70,73]. Both in the AA and in the CD, the presence
of organ-specific autoantibodies has been demonstrated [70], with infiltration of T lymphocytes on
the lesion site [74]. AA can occur at any age, although most patients develop the disease before the
age of 40, with an average age of onset between 25 and 36 years. Early onset between 5 and 10 years,
presents itself as a more severe subtype, as an alopecia universalis [75]. Hallaji et al. found that the
prevalence of anti-gliadin antibodies in patients with AA had a proportion of 18:100 [76]. In several
studies [71,76,77], it has been hypothesized the existence of a CD not diagnosed in patients with AA
which improves during a GFD. These positive effects of a GFD on AA, have been associated with
the normalization of the immune response [76]. The chronic recurrent phases of CD can be observed
during the normal clinical course of AA, and it was noted that patients who followed a GFD regimen
showed complete regrowth of hair and other body hair, without highlighting a further recurrence of AA
during the follow-up [78]. However, in the study by Mokhtari et al., the frequency distribution of all
celiac autoantibodies has been analyzed in patients with AA. The results led to the conclusion that the
various biological tests used for the research of subclinical CD do not provide sufficient clear evidence
to make the diagnosis of gluten intolerance in patients with AA and other diagnostic approaches are
needed [79].

18. Rosacea

Rosacea is an inflammatory skin condition, more frequent in women and primarily characterized
by persistent or recurrent episodes of centrofacial erythema [80]. The pathophysiology is not completely
understood, but the dysregulation of the immune system as well as changes in the nervous and vascular
systems have been identified. Rosacea shares genetic risk loci with autoimmune diseases, such as
type 1 diabetes mellitus and CD [81]. One study showed that women with rosacea had a significantly
increased risk of CD. In a nationwide cohort study, the prevalence of CD was higher among patients
with rosacea when compared to the control subjects (HR = 1.46, 95% CI = 1.11–1.93). However,
the pathogenic link is not known. Gastrointestinal symptoms in patients affected by this dermatological
condition should warrant clinical suspicion of CD [82].

19. Acquired Hypertrichosis Lanuginosa

Acquired hypertrichosis lanuginose (AHL) is a rare cutaneous manifestation that often underlies
the presence of neoplastic pathologies, particularly in the elderly. It is considered as a paraneoplastic
manifestation of organic tumor forms, such as a tumor of the gastrointestinal tract, of the lung, of the
uterus, of the breast, and often it is indicator of a poor prognosis. It can also be associated with
lymphomas. [83]. The etiology is not clear. Corazza and coworkers observed a case of hypertrichosis
in a patient suffering from CD [84]. The patient developed a tumor shortly after the diagnosis of CD,
confirming that the ACL could represent the unknown tumor spy [84]. However, due to the insufficient
data present in the literature, it is not possible to establish a certain correlation.

20. Pyoderma Gangrenosum

Pyoderma gangrenosum (PG) is a rare ulcero-necrotising and neutrophilic dermatosis,
whose pathogenesis is unknown. Generally, the main manifestation is a sterile pustule, that rapidly
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develops into a painful ulcer from the erythematous border [85]. The diagnosis is often a challenge
for the clinician and it is often achieved by exclusion. In the literature, many studies have shown the
association between inflammatory bowel diseases and in particular, Crohn’s disease and ulcerative
colitis, and skin manifestations including PG [86]. Weizman et al. have described one of the largest
case series of PG among patients with inflammatory bowel disease (IBD) [87]. Moreover, it was
observed that the female sex and young age at diagnosis of IBD are predictive factors involved in the
development of main cutaneous manifestations [88]. Furthermore, refractory CD resistant to steroids
and immunosuppressive drugs has been reported to be associated to PG [89]. The appearance of
a pustule transforming to an ulcer in a patient with CD should always arise the suspect for PG [87].

21. Ichthyosiform Dermatoses

Ichthyosiform dermatoses are a group of a skin disorders characterized by clinically evident
thickening of the stratum corneum, dry skin and often erythroderma. The term ichthyosis derives
from the Greek “ichthys” that means fish, referring to the cutaneous scaling characteristic of these
disorders, which is said to resemble the scales of a fish. The attention for this pathology is quite
recent. In fact, the first international ichthyosis conference classification was approved in 2009 [90].
The first case report associating the ichthyosis with CD was observed by Menni and co-workers.
They reported the clinical history of a twenty-nine year-old woman, who presented ichthyosiform skin
manifestations [91]. After just over 10 years, another case that showed this association was reported.
In this case, the patient was younger than the first case, but also affected by osteoporosis and secondary
hyperparathyroidism. Although the GFD did not allow a complete disappearance of the cutaneous
manifestations, it favored an improvement in the quality of life [92].

22. Pellagra

Pellagra is a rare disease caused by niacin deficiency and characterized by a classical triad:
Dermatitis, dementia and diarrhea, known as “3D” [93]. The skin signs are the first to appear in
over 80% of cases. Initially, itchy and erythematous lesions appear on the area of photo-exposed skin
and generally, they are bilateral and symmetrical lesions localized on the dorsum of the hands, arms,
face and neck. Subsequently, the gastrointestinal and neurological symptoms occur [93]. In 1937, a case
was published of a 15-month-old child with skin manifestations compatible with a non-classical form
of pellagra and the simultaneous presence of gastrointestinal disorders related to CD [94]. More than
60 years later, Schattner described another case of a 70-years-old man with a pellagra-like syndrome
due to CD [95]. No other cases have been reported, determining a weak association between the
two conditions.

23. Generalized Acquired Cutis Laxa

Cutis laxa (CL), also called elastolysis or dermatomegaly, includes a heterogenous group of
disorders that affects the elastic tissue and it is characterized by the presence of loose and redundant
skin, caused by a reduced number and abnormal properties of elastic fibers in the derma [96].
The etiopathogenesis is still not fully known; it can be congenital or acquired [97]. Only one case in the
literature shows the coexistence of acquired CL and CD. In this case, the clinical suspicion of CL was
confirmed histologically and analyzed through direct immunofluorescence. The latter has highlighted
the presence of IgA deposits in the papillary dermis. It is possible to hypothesize that the IgA deposit
constitutes the base of the pathophysiological link between the two diseases [71,98].

24. Skin Malignancies

The variations of the incidence of the skin malignancies in patients affected by CD is a very
interesting topic. A study by Ilus et al. studied a population of 32,439 adult celiac patients to evaluate
the relative risk for each kind of malignancies [99]. Among cutaneous cancer, a major incidence was
registered for basal cell carcinoma and a slightly minor incidence for melanoma [99]. There is instead
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a known association between CD and lymphomas [99], and cutaneous lymphomas seem also associated
to CD. Various case reports show this association, the last one being reported in 2016. The association
of cutaneous lymphoma with CD may be determined by a lymphocytic stimulation carried out by
the presence of a constant antigen, such as gluten, in the gastrointestinal tract. Some researchers [100]
suggested that in predisposed individuals, the resulting dysplastic T cells may migrate into cutis,
causing cutaneous T cell lymphoma. The adherence to a GFD decreases the risk for malignancy.

25. Conclusions

CD is an autoimmune enteropathy associated with several extra-intestinal diseases, including
various skin manifestations. Different hypotheses have been proposed to explain the possible
mechanisms involved in every association between CD and cutaneous manifestations. An abnormal
small intestinal permeability seems to be implicated in various dermatological manifestations.
The inability of the small intestine to operate as a barrier may allow a major penetration of
exogenous antigens with a consequent immunological response that leads to vascular alterations and
to malabsorption with secondary vitamin and amino acidic deficiency. However, on the basis of the
revision of the literature by the levels of evidence, it can be concluded that only a few associations
are very strong and in particular, DH and psoriasis. The other associations between CD and skin
diseases are based on case-reports and case series, with very few multicentric controlled studies. In this
way, to better assess the involvement of the cutaneous district in CD, large multicentric controlled
studies are required. Nevertheless, screening for CD in patients suffering from chronic cutaneous
diseases seems to be justified considering that a GFD can significantly improve both gastrointestinal
and systemic symptoms.
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Abstract: Celiac disease (CD) is a systemic autoimmune disease driven by gluten-ingestion in
genetically predisposed individuals. Although it primarily affects the small bowel, CD can also
involve other organs and manifest as an extraintestinal disease. Among the extraintestinal features of
CD, hematologic ones are rather frequent and consist of anemia, thrombocytosis (thrombocytopenia
also, but rare), thrombotic or hemorrhagic events, IgA deficiency, hyposplenism, and lymphoma.
These hematologic alterations can be the sole manifestation of the disease and should prompt for CD
testing in a suggestive clinical scenario. Recognition of these atypical, extraintestinal presentations,
including hematologic ones, could represent a great opportunity to increase the diagnostic rate of CD,
which is currently one of the most underdiagnosed chronic digestive disorders worldwide. In this
review, we summarize recent evidence regarding the hematological manifestations of CD, with focus
on practical recommendations for clinicians.

Keywords: celiac disease; anemia; lymphoma; IgA deficiency

1. Introduction

Celiac disease (CD) is a chronic, autoimmune condition triggered by gluten ingestion in genetically
susceptible individuals. It can develop at any time throughout the life of individuals carrying the
predisposing DQ2/DQ8 haplotype, leading to a gluten-dependent small-bowel inflammation consisting
of villous atrophy and crypt hyperplasia. As gluten is the culprit in driving the autoimmune-mediated
villous atrophy, its removal from the diet of CD patients leads to symptom relief, restoring of small
bowel mucosa, and avoidance of complications. CD has an overall prevalence of about 1% worldwide,
with higher rates reported in Northern European countries [1,2].

CD is nowadays widely recognized as a systemic disorder and not only a disease of the small
bowel, as many of the adults diagnosed with CD present with extraintestinal manifestations. In fact,
the typical presentation with malabsorption syndrome is seen mostly in children and quite rare in
adults, who often present with mild, intermittent, and low-intensity digestive symptoms and a wide
spectrum of extraintestinal manifestations [3–6].

The extraintestinal features of CD include a wide range of rheumatologic, neurologic, hematologic,
endocrine, metabolic, and dermatologic manifestations [6–9]. Among them, hematologic findings are
one of the most frequent presentations, and sometimes, they can represent the sole manifestation of the
disease [10]. In this setting, a high index of suspicion for CD is needed in patients with unexplained,
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isolated hematological abnormalities, and this depends on better awareness among physicians of
general medicine-related specialties [11].

The hematological features of CD include a variety of conditions—anemia, platelet alterations
(thrombocytopenia/thrombocytosis), hemorrhagic or thrombotic events, IgA deficiency, hyposplenism,
and the fearful lymphoma (Table 1) [12,13].

A high frequency of hematologic alterations (84%) has been reported in CD patients ever since
decades ago [14]. Still, there is a high burden of missed CD cases and significant diagnostic delay in
frequent clinical situations, such as chronic, unresponsive iron-deficiency anemia. Better recognition
of the hematologic findings could be a window of opportunity to increase the diagnostic rate of CD,
which is known to be severely underdiagnosed [15]. Although currently available guidelines from the
American College of Gastroenterology (ACG), British Society of Gastroenterology (BSG), European
Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN), and European Society
for the Study of Coeliac Disease (ESsCD) [16–19] approach some of these hematological features of CD,
others are not very well reported.

Our aim was to perform a review of recent literature data regarding hematologic manifestations
of CD and their management. For this purpose, we performed a literature search on two
databases—PubMed and Embase—from 2010 onwards, using the MESH term "celiac disease"
and several keywords referring to the associated hematological features: “hematology”, “anemia”,
“thrombocytosis”, “thrombocytopenia”, “hemorrhage”, “thrombosis”, “coagulation”, “IgA deficiency”,
“spleen”, and “lymphoma”. Articles identified from this search strategy were checked for access to
abstract in English and then further evaluated for relevance to the topic. Clinically significant full-text
articles were selected for inclusion in this review; also, references of selected articles were further
checked for additional possible meaningful articles, which were not identified by the initial search.

In this review, updated knowledge regarding hematologic manifestations of CD is summarized in
accordance with recent data published in the literature.

Table 1. Hematologic manifestations of celiac disease (CD).

Hematologic Feature Frequency Proposed Mechanism

Anemia Common Most frequently iron-deficiency, but may be
also due to folate, B12 or copper deficiency

Thrombocytopenia Rare Autoimmunity

Thrombocytosis Relatively common Iron-deficiency, hyposplenism

Hemorrhagic events Rare Vitamin K deficiency

Thrombotic events Rare Hyperhomocystinemia, elevated levels of
other procoagulants, protein C/S deficiency

Hyposplenism Common Autoimmunity

IgA deficiency Relatively common Associated conditions

Lymphoma Rare Refractory CD

2. Anemia

Anemia in CD patients is multifactorial in etiology; however, iron-deficiency anemia (IDA) is the
most common reported [20]. Laboratory workup for IDA can reveal anemia, low mean corpuscular
volume, low serum iron, low serum ferritin or anisocytosis (increased red blood cell distribution
width) [21]. The main mechanism for IDA in CD is related to malabsorption, as the site of iron
absorption—the proximal duodenum—is almost always involved [12]. Severity of iron malabsorption
seems to be related to the extent of atrophy along the small bowel, as recent data on ultra-short CD
(CD limited to the duodenal bulb) have reported lower proportion of ferritin deficiency in this group
compared to extensive CD, both in children and adults [22,23]. Interestingly, anemia in CD is not only
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related to gluten-driven damage of the bowel mucosa, as it was also reported in patients with positive
serology before development of atrophy [24]; this reinforces the need for CD testing in IDA patients
and early recommendation of a gluten-free diet in these potential CD patients (the so called “celiac
trait”) with extraintestinal manifestations [25].

IDA is one of the most frequent extraintestinal presentations of CD and, according to current
guidelines, is an indication for CD screening. According to a recent systematic review and meta-analysis,
3.2% of patients with IDA have biopsy-proven CD [26]. Conversely, up to half of newly diagnosed CD
patients, both children and adults, have anemia [10,27–29]. In this setting, some authors have even
proposed routine duodenal biopsies in IDA patients as a case finding strategy for CD, but this has not
proven cost-effective [30–32]. As such, the first step in evaluating the suspicion of CD in IDA patients
remains serological testing [33], as it is currently recommended in guidelines [34].

One of the characteristics of IDA in CD is refractoriness to oral iron supplements [35].
If symptomatic, correction of anemia can be done by intravenous iron; otherwise, it usually restores
in parallel with the histological recovery of atrophic mucosa on gluten-free diet [36]. Lack of anemia
correction on follow-up visits should prompt for search of other causes (colonoscopy, capsule endoscopy)
and evaluation for refractory CD [37].

Sharing the same site of absorption as iron, folate deficiency can also occur in CD, leading to
macrocytic (or normocytic when deficits are combined) anemia; additionally, we should take into
account that normocytic anemia does not rule out IDA, as up to 40% of patients with IDA have normal
mean corpuscular volume [38]. Studies have reported up to one fifth of patients having low folate
levels [27].

Vitamin B12 deficiency was considered theoretically to be less common in CD, as its absorption
takes place in the terminal ileum, which is infrequently involved. However, studies have reported
significant proportions for B12 deficiency also [20,27].

Anemia of chronic disease, defined by anemia with high ferritin levels and inflammatory syndrome,
has been also described in CD [39,40]. Associated aplastic anemia has also been reported in isolated
cases [41–43].

3. Hemorrhagic and Thrombotic Events

Hemorrhagic events can be the presenting feature of CD, including cases of celiac crisis with
profound malabsorption and coagulation deficits [44]. A recent review of the literature has found only
case reports of hemorrhagic events, comprising otorhinolaryngology, digestive, urology, muscular
and alveolar bleeding (the latter defining the Lane Hamilton syndrome) [45]. The mechanism behind
hemorrhagic diathesis in CD is mainly represented by vitamin K deficiency, while some studies have
also theorized mimicry between factor XIII and tissue transglutaminase [45,46]. Management of
hemorrhage consists of intravenous vitamin K and GFD, along with specific measures according to
bleeding site.

With respect to thrombotic events, they can also be the prime manifestation of CD. Most cases
report on venous thrombosis (deep venous thrombosis, pulmonary embolism, cerebral venous
thrombosis, intraabdominal thrombosis), while arterial events have been rarely described [12,47–50].
In addition to case reports, an increased risk of venous thromboembolism has been shown in large
cohort studies [51]. Among the proposed mechanisms, hyperhomocystinemia, protein C/S deficiency,
high titers of anti-phospholipid antibodies, and platelet abnormalities have been quoted [52,53].

Although rarer than anemia, hemorrhagic/thrombotic events as a manifestation of CD should be
acknowledged accordingly, as they can be of significant clinical impact.

4. Lymphoma

CD patients are known to be at increased risk for developing malignancies [54]. Among
them, lymphoma is the most fearful complication of CD, as it has a dismal prognosis. In a large
population-based case-control study, the odds ratio for developing T-cell lymphoma after a prior
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diagnosis of CD was 35.8 (95% CI 27.1–47.4) [55]. Patients at risk for lymphoma are those with
persistent villous atrophy, meaning those with refractory CD. The absolute risk of lymphoma, while
increased, remains low—among 1000 patients with CD followed for 10 years, 7 out of 1000 will develop
lymphoma, while the risk is 10/1000 in those with persistent villous atrophy and 4/1000 in healing
(similar to that of general population) [56]. Management of lymphoma is multimodal oncologic
treatment, but prognosis is often poor.

5. Hyposplenism and Susceptibility to Infections

Spleen dysfunction with hyposplenism has also been reported in CD patients. Its underlying
mechanism seems to be related to antibody deposits in the spleen [57]. On a peripheral blood smear,
one can find some characteristic changes of hyposplenism such as Howell–Jolly bodies, acanthocytes,
and target cells [13].

Measuring spleen size is of interest in case of suspected/confirmed CD, as some small-sampled
studies have linked splenic hypotrophy with CD and other have shown an association of small spleen
volume with refractory CD [58–60].

Along with the changes in size, functional hyposplenism is of importance in CD patients, as it can
lead to thrombocytosis and susceptibility to infections, especially encapsulated bacteria (Streptococcus
pneumoniae, Haemophilus influenzae, Neisseria meningitidis) [13]. Immunization against these bacteria
should be recommended in CD patients [61,62].

Susceptibility to infections is not only related to hyposplenism, as other factors may also
contribute—malnutrition, vitamin D deficiency, altered mucosal permeability and gut microbiota.
Increased rates of infections in CD patients have been reported for influenza, herpes zoster, pneumonia,
tuberculosis, and Clostridium difficile [63–66]. However, the risk of infections requiring hospitalization
does not seem to be influenced by mucosal healing [67].

6. IgA Deficiency

There is a strong association between CD and IgA deficiency, meaning that 2%–3% of CD patients
have IgA deficiency and about 8% of individuals with IgA deficiency have CD [13]. Several clinical
consequences arise: First, there is the susceptibility to develop other small-bowel diseases such as
inflammatory bowel disease or parasite infections (Giardiasis for example, which can histologically
mimic CD), then there is the issue regarding diagnosis of CD in these patients, as IgA-based serology
can lead to false-negative results (for this reason testing for suspicion of CD includes total serum IgA
dosing or both IgA and IgG-based serology), and last, there is a risk of serious transfusion reactions in
patients with anti-IgA antibodies [68,69].

7. Conclusions

While classical presentations of CD with typical malabsorption syndrome are becoming
exceptional, extraintestinal forms are now considered the predominant ones. Among the wide
range of extraintestinal features, hematologic-related ones are quite frequent, and they can be the sole
manifestation of the disease. IDA is the most frequent hematologic feature of CD, and screening for CD
should not be missed in patients with unexplained and refractory to iron-supplementation IDA. Earlier
markers of iron-deficiency (alteration in hematological indices of red blood cells) and also changes
in platelet numbers should also prompt for testing in a suggestive clinical setting. Hemorrhagic
or thrombotic events, otherwise unexplained, can also be the presenting feature of CD. Not least,
IgA deficiency and evidence of small-bowel lymphoma should prompt for CD testing. A diagnosis of
CD should be always kept in mind in front of a patient with unexplained hematologic abnormalities.
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Abstract: Background and objective: Often micronutrient deficiencies cannot be detected when patient
is already following a long-term gluten-free diet with good compliance (LTGFDWGC). The aim of
this narrative review is to evaluate the most recent literature that considers blood micronutrient
deficiencies in LTGFDWGC subjects, in order to prepare dietary supplementation advice (DSA).
Materials and methods: A research strategy was planned on PubMed by defining the following
keywords: celiac disease, vitamin B12, iron, folic acid, and vitamin D. Results: This review included
73 studies. The few studies on micronutrient circulating levels in long-term gluten-free diet (LTGFD)
patients over 2 years with good compliance demonstrated that deficiency was detected in up to: 30%
of subjects for vitamin B12 (DSA: 1000 mcg/day until level is normal, then 500 mcg), 40% for iron
(325 mg/day), 20% for folic acid (1 mg/day for 3 months, followed by 400–800 mcg/day), 25% for
vitamin D (1000 UI/day or more-based serum level or 50,000 UI/week if level is <20 ng/mL), 40%
for zinc (25–40 mg/day), 3.6% of children for calcium (1000–1500 mg/day), 20% for magnesium
(200–300 mg/day); no data is available in adults for magnesium. Conclusions: If integration with diet
is not enough, starting with supplements may be the correct way, after evaluating the initial blood
level to determine the right dosage of supplementation.

Keywords: celiac disease; vitamin B12; iron; folic acid; vitamin D; long-term GFD therapy (LTGFD);
LTGFD with good compliance (LTGFDWGC)

1. Introduction

Celiac disease (CD) is an immune-mediated systemic disorder triggered by the ingestion of gluten
and prolamines in genetically predisposed individuals. It is characterized by inflammation of the small
bowel mucosa—the immune reaction—which occurs after ingestion of gluten that leads to intestinal
villous atrophy, crypt hyperplasia, and increased number of intraepithelial lymphocytes [1]. CD is
a multifactorial disease and its pathogenesis involves both genetic and environmental factors [2].
Genetic composition for the development of the disease is evident. In fact, more than 90% of celiac
patients are human leukocyte antigen (HLA)-DQ2 haplotype positive and almost all of the rest carry
HLA-DQ8. These genes are necessary but not sufficient for CD development [3,4]. The predisposing
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DQ2 and DQ8 heterodimers are composed of the association of α and β chains. A recent meta-analysis
showed that the HLA genotypes coding for DQ2 or DQ8 heterodimers, but also those including only
the alleles of the respective β chains (regardless of the concomitant presence of DQ2 or DQ8 α chains)
have an increased risk of developing pediatric CD [5]. Recently, another meta-analysis evaluated
the predictive values of HLA-DQB1*02 allele, suggesting the major relevance of this specific allele,
rather than the expression of the full DQ2 and/or DQ8 heterodimers, in raising the risk to develop
pediatric CD [6]. In addition, a risk gradient according to single or double copy of HLA-DQB1*02 has
been revealed [6]. Gluten ingestion represents the major environmental factor, contributing to the
development of the pathology, but there are several other conditions involved in the etiology of CD,
including viral infections, gut microbiota, breastfeeding, early life feeding practice, and smoking [3,4].

CD can occur at any stage of life and with a great variety of signs and symptoms. In fact,
it is considered a multisystem immunological disorder rather than a disease restricted only to the
gastrointestinal tract. Consequently, it is important to make diagnosis not only in individuals with classic
gastrointestinal symptoms, but also in subjects who have a more nuanced or extra-intestinal clinical
features, since the consequences can be important in both cases [2]. To date, nutritional therapy has been
the only effective treatment for patients with CD that demands a strict compliance with a gluten-free diet
(GFD). Non-adherence to the GFD increases the risk of morbidity and mortality, as a result of associated
conditions, which include infertility, skeletal disorders and malignancy. Once diagnosed, patients should
be tested for micronutrient deficiencies, including iron, folic acid, vitamin B12, and vitamin D [7].

The 2013 American College of Gastroenterology guidelines reported that micronutrient deficiencies
(in particular iron, folic acid, vitamins B6 and B12, vitamin D, copper, and zinc) are frequent in celiac
patients at the time of celiac diagnosis. Therefore, patients with newly diagnosed celiac disease,
micronutrient deficiencies should be found and integrated. These tests should include iron, folic acid,
vitamin D, vitamin B12 and more [7].

Following the United Kingdom 2015 National Institute for Health and Care Excellence guidelines,
it was reported that some patients with celiac disease may need additional nutritional supplements,
mainly in the early stages after diagnosis, suggesting, however, that this should be identified through
an appropriate ongoing monitoring and that integration should begin after a full evaluation [8].

These two guidelines are derived from, and in agreement with, the more recent reviews
demonstrating that in celiac patients, at time of diagnosis, nutritional deficiencies are often found in
vitamins and minerals, such as folic acid, vitamin B12, vitamin D, calcium, magnesium and zinc.

However, at the same time, in subjects undergoing GFD for a long time with good compliance,
it has been described that micronutrient deficiencies may persist due to an inadequate full reintegration
of the mucous membrane [9]. Some patients with long-term treated CD may still have abnormal small
bowel mucosa and persistent villous atrophy on follow-up, with or without ongoing or recurrent
symptoms, despite an apparently GFD [4,10]. According to Lanzini et al., the complete recovery of
duodenal mucosa with histological normalization, after a median 16 months GFD in patients diagnosed
at an adult age occurs only in 8% of cases [11]. The majority of adult patients achieving remission
with intraepithelial lymphocytosis (65%) and a substantial proportion showing no-change (26%) or
deterioration (1%) of duodenal histology [11]. This condition seems to be more common in adults
older than an age of 50 years [12], but occurs even in 19% of children who underwent follow-up biopsy
at least 1 year after starting the GFD [13]. When other possible causes of villous atrophy are excluded,
refractory celiac disease is diagnosed [4]. Even in the absence of symptoms this condition is not
positive, because it may predispose to severe complications, such as osteoporosis and malignancy [14].

Moreover, gluten-free products are usually low in some micronutrients, such as magnesium and
folic acid, and gluten-free cereals found in nature have a lower magnesium content compared with
gluten-containing ones [9].

This topic is highly debated in the literature. In fact, there is a widespread agreement on the
importance of supplementation at the time of diagnosis, but there is still no consensus for when and
what additional nutrients are needed in subjects on long-term GFD (LTGFD).
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Given this background, the aim of this narrative review is to evaluate the literature that considers
blood nutritional deficiencies in celiac subjects on LTGFD therapy with good compliance (LTGFDWGC)
in order to prepare dietary supplementation advice for these patients.

2. Materials and Methods

The present narrative review was performed following the steps by Egger et al. [15] as follows:

1. Configuration of a working group: three operators skilled in clinical nutrition (one acting as
a methodological operator and two participating as clinical operators).

2. Formulation of the revision question on the basis of considerations made in the abstract: “the state
of the art on nutritional deficiencies in celiac subjects on LTGFD therapy with good compliance;
“good compliance” was defined as those patients who had been apparently carefully compliant
with the GFD for a at least one year based on dietary history, and this was supported by the
absence of coeliac antibodies (if present at diagnosis), or having a healed duodenal biopsy if
previous coeliac serology was unavailable”.

3. Identification of relevant studies: a research strategy was planned on PubMed (Public MedIine run
by the National Center of Biotechnology Information (NCBI) of the National Library of Medicine
of Bathesda (USA)) as follows: (a) Definition of the keywords (celiac disease; vitamin B12; iron;
folic acid; vitamin D; calcium; zinc; magnesium; LTGFD therapy; LTGFDWGC), allowing the
definition of the interest field of the documents to be searched, grouped in quotation marks
(“ . . . ”) and used separately or in combination; (b) use of: the Boolean (a data type with only two
possible values: true or false) AND operator, that allows the establishments of logical relations
among concepts; (c) Research modalities: advanced search; (d) Limits: time limits: papers
published in the last 20 years; humans; adults; languages: English; (e) Manual search performed
by the senior researchers experienced in clinical nutrition through the revision of reviews and
individual articles on management of inflammation and oxidative stress by dietary approach in
celiac patients published in journals qualified in the Index Medicus.

4. Analysis and presentation of the outcomes: we create paragraphs about different micronutrients,
and the data extrapolated from the “revised studies” were collocated in tables; in particular,
for each study we specified the author and year of publication and study characteristics.

5. The analysis was carried out in the form of a narrative review of the reports. At the beginning of
each section, the keywords considered and the type of studies chosen are reported. We evaluated,
as is suitable for the narrative review, studies of any design which considered the nutritional
deficiencies in celiac adult subjects on LTGFD therapy with good compliance.

3. Results

This review included 73 eligible studies and the dedicated flowchart is shown in Figure 1.
Table 1 shows the reviews made on nutrient deficiencies in celiac patients at time of diagnosis and

after LTGFDWGC.
Table S1 shows the studies concerning circulating levels and supplementation of micronutrients

in celiac patients after LTGFDWGC.
The literature shows that nutritional deficiencies, considered by evaluating the blood values of

these micronutrients, in celiac subjects on LTGFD with good compliance, relate to vitamin B12, folic
acid, vitamin D, calcium, iron, magnesium, zinc, selenium, thiamine, riboflavin, niacin and vitamin K
(Table 1).
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Figure 1. Flowchart of the study.

Table 1. Reviews on nutrient deficiencies in celiac patients at time of diagnosis and after GFD.

Authors Type of Study Country and Year Results

[2] Review Italy, 2010

Common nutrient deficiencies in celiac subjects at
diagnosis are: iron, calcium, magnesium, vitamin D,
zinc, folate, niacin, vitamin B12, riboflavin,
calorie/protein, and fiber.
Deficiencies in folate, niacin, and vitamin B12 may
occur after LTGFD.

[9] Review Italy, 2016

Low levels of fibers, folate, vitamin B12, vitamin D,
calcium, iron, zinc and magnesium are common at
diagnosis stage.
In some subsets of treated celiac disease (CD)
patients they can persist.
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Table 1. Cont.

Authors Type of Study Country and Year Results

[16] Review USA, 2005

Deficiencies in fiber, iron, calcium, vitamin D,
magnesium, zinc, folate, niacin, vitamin B12, and
riboflavin can occur at time of diagnosis.
Deficiencies in fiber, iron, calcium, vitamin D, and
magnesium can persist after following a GFD. Diet
and gluten-free products are often low in B vitamins,
calcium, vitamin D, iron, zinc, magnesium, and fiber.

[17] Review Italy, 2013

Reduced levels of iron, folate, vitamin B12, and
vitamin D are common at the time of diagnosis.
After GFD low levels of folate, vitamin B12 and
vitamin D can persist.

[18] Review Italy, 2013

Common deficiencies at diagnosis include: fiber,
iron, calcium, vitamin D, magnesium, zinc, folate,
niacin, and vitamin B12.
Deficiencies of fiber, iron, calcium, vitamin D,
magnesium, zinc, folate, niacin, vitamin B12 may
persist after following a GFD.
Deficiencies of fiber, folate, niacin, vitamin B12, and
riboflavin may persist after LTGFD.

3.1. Vitamin B12

This research was carried out based on the keywords “vitamin B12” AND “supplementation”
AND “long-term GFD with good compliance” AND “celiac patient” OR “celiac disease”. Of the 13
studies that were taken into account, 6 were review-type papers, 3 were prospective studies, 2 were
observational studies and 2 were randomized controlled trials.

The absorption of dietary vitamin B12 occurs mainly in the terminal ileum through an active,
specific and saturable transport mechanism. Vitamin B12 is released from food proteins after exposure
to gastric acid. Vitamin B12 links to a salivary and gastric R protein; then pancreatic proteases destroy
the R protein in the duodenum, releasing cobalamin which creates a complex with intrinsic factor (IF)
that is secreted by the parietal cells in the stomach. The complex B12-FI migrates up to the terminal
ileum aided by intestinal peristalsis, and binds itself through its proteic fraction to a specific cellular
receptor. The complex dissociates and cobalamin enters the enterocytes of the small intestine. When the
vitamin is administered orally in high doses, a small proportion along the entire intestine is absorbed
through a passive diffusion mechanism.

Absorption site remains relatively preserved in patients with CD, so deficiency of vitamin B12
should be unusual. Nevertheless, numerous studies have shown that circulating levels of this vitamin
are inadequate in about 5–40% of patients with CD at diagnosis [19–22] and in about 2.9-41% of patients
following a GFD [20,21].

A real link exists between CD and vitamin B12 deficiency, but it has not been established. Some
studies have shown that GFD and, where required, supplementation with vitamin B12 is effective in
resolving neurological complications associated with deficiency of this vitamin. It has been shown that
concentration of vitamin B12 tends to normalize in patients with a LTGFD [17,23].

However, there is evidence that supplementation may also be useful in subjects undergoing GFD.
Hallert et al. [24] conducted a double-blind study to evaluate the effects of supplementation with B
vitamins in adult CD patients for a long time, which involved daily administration of 0.8 mg of folic
acid, 0.5 mg of cyanocobalamin, and 3 mg of pyridoxine for a period of 6 months. In these patients,
there was improvement of psychiatric symptoms, and a significant return to normal vitamin B12
values with reduction of homocysteine values, which is often elevated in patients with vitamin B12
deficiency. Indeed, the catabolism of homocysteine requires vitamin B12 and folate. Consequently,
hyperhomocysteinemia may reflect a deficit of both nutrients [25]. Great attention to the levels of
homocysteine is needed in patients with CD. Celiac patients appear to have an increased risk of venous
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thromboembolism and vascular disorders [26] and high levels of homocysteine is a risk factor for these
chronic diseases [27]. Supplementation of vitamin B12 and folate tends to decrease homocysteine
values [24], so it could represent a prevention behavior.

In some patients, it is therefore necessary to integrate this element, even when following a strict
GFD. In such cases, administration of vitamin B12 can be given via the oral or intramuscular routes.

In a study carried out by Bolaman et al. on general populations with megaloblastic anemia
due to deficiency of cobalamin, oral supplementation was as effective as intramuscular treatment.
Oral administration seems to be less costly and more tolerable than intramuscular delivery [28].
Furthermore, a review carried out by Vidal-Alaball et al. on general populations showed that in
patients with a deficiency of vitamin B12, oral administration of 2000 mcg/day or 1000 mcg/day, followed
by 1000 mcg/week and then 1000 mcg/month, can be as effective as intramuscular administration in
showing improvement in hematological and neurological levels [29].

In patients with CD, supplementation is recommended for those in which there remains a blood
deficiency despite GFD. Hallert et al. have shown how the oral administration of 500 mcg of
cyanocobalamin in subjects undergoing GFD is effective in restoring the homocysteine value (which is an
indirect measurement of vitamin B12 and folate). It suggests that the absorption after oral administration,
especially in subjects undergoing GFD, is effective [24]. Furthermore, Theethira et al. suggested
measuring vitamin B12 levels at diagnosis and then every 1–2 years for symptoms, and to treat with
1000 mcg orally until levels normalize, and then considering daily gluten-free multi vitamin/mineral
supplementation [30].

In conclusion, considering the site of absorption (terminal ileum) of vitamin B12, which remains
relatively preserved in patients with CD, deficiency of this vitamin should be infrequent; however,
circulating levels of this vitamin could remain inadequate up to 41% in LTGGFDWGC patients. Given
this background, in addition to its pivotal role in preventing hyperomocysteinemia, an annual routine
follow-up of blood vitamin B12 level is mandatory in subjects undergoing LTGFD. Regarding dose
and route of administration, the literature showed that in celiac patients with vitamin B12 deficiency,
oral administration of 1000 mcg of vitamin B12 until levels normalized, followed by daily gluten-free
multi-vitamin/mineral supplementation with 500 mcg of vitamin B12 is effective [30].

3.2. Iron

This research was carried out based on the keywords “iron” AND “supplementation” AND
“long-term GFD with good compliance” AND “celiac patient” OR “celiac disease”. Of the 21 studies
that were taken into consideration, 8 were prospective studies, 5 were reviews, 3 were observational
case studies, 2 were case control studies, 1 was a randomized controlled trial, 1 was a report and 1 was
a guidelines.

Iron deficiency often occurs in celiac patients, and it is followed in many cases by iron deficiency
anemia. Studies have shown that the prevalence of this event in patients with newly diagnosed CD
seems to be between 10–80%. The prevalence of deficiency after 6 months of GFD is about 70%, after 1
year, it is about 50%, and after 2 years, it is about 40% [17,19,31–37].

Iron is an essential trace element, being part of the heme structure, the non-protein component of
numerous iron proteins (such as hemoglobin, myoglobin and cytochromes). Its excretion cannot be
controlled, so the amount of iron in the body depends mainly on its absorption, which takes place in
the duodenum and proximal jejunum.

Iron deficiency anemia in CD patients mainly arises from malabsorption, although the possibility
of intestinal bleeding cannot be excluded and must be considered [38,39].

In the general population, initial treatment of iron deficiency should be continued until hemoglobin
and iron stores are normalized. This goal is usually obtained with oral iron administration. Although
it is occasionally recommended to take iron supplements before breakfast in order to increase the
absorption, this significantly reduces the tolerance. For this reason, it seems reasonable to suggest
the administration with food. All ferrous salts, including ferrous fumarate, ferrous lactate, ferrous
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succinate, ferrous glutamate, and ferrous sulphate, share similar bioavailability. Preparations of iron
glycinate represent a valid therapeutic alternative, since they have a good bioavailability and a lower
frequency of side effects, such as constipation [40–42].

Treatment with oral iron is, in the general population, slow in reaching its goal, and good
compliance is required to be successful. In addition to this, anemia is often severe, and a quick response
is necessary. Sometimes the tolerance is poor, and in these situations the use of parenteral iron is fully
justified. The efficacy and safety of parenteral iron sucrose use have been demonstrated in several
clinical studies and have been confirmed by extensive clinical practice [43]. To supply the quantities
required, several doses are needed. Other intravenous drugs such as ferric carboxymaltose have been
introduced [44] and would require fewer infusions to provide the required dose. Ferric carboxymaltose
is a robust and stable non-dextran intravenous iron formulation with the advantage of having a very
low immunogenic potential, and therefore is not predisposed to anaphylactic reactions. Its properties
permit the administration of large doses (15 mg/kg; maximum of 1000 mg/infusion) in a single and
rapid session (15-min infusion) [45].

Therapy on the general population should start with a low dose and the intake should be constant
until the iron deposits are not restored [40]. It is fundamental that treatment of an underlying cause
should prevent further iron loss, but all patients should have iron supplementation, both to correct
anemia and to replenish body stores. This is achieved most simply and cheaply with oral ferrous
sulphate 200 mg twice daily. Lower doses may be as effective and better tolerated, and should be
considered in patients not tolerating traditional doses. Other iron compounds (e.g., ferrous fumarate,
ferrous gluconate) or formulations (iron suspensions) may also be tolerated better than ferrous sulphate.
Oral iron should be continued for 3 months after the iron deficiency has been corrected so that stores
are replenished [46].

Regarding celiac patients, in subjects in which iron supplementation is needed, it should be
started orally. In the decision on when to start, some authors suggest undertaking supplementation
in the moment in which the intestinal lesions are healed [40], while other studies suggest taking the
supplement immediately at the time of diagnosis, without waiting for the healing of the mucosa [47].
In most of these patients, GFD is enough to solve the framework of anemia [48], although it may take
a long time. In other cases it is necessary to help the patient with supplementation [36]. A study carried
out on 25 pediatric patients with CD and iron deficiency showed good efficacy of oral administration of
iron, (investigated with ferrous bisglycinate chelate 0.5 mg per kg body weight, reaching a maximum
of 28 mg) both in patients with GFD and in those newly diagnosed [47]. A study carried out on celiac
pediatric patients showed that the therapeutic dose in pediatric patients with an iron deficiency is 3 mg
of elemental iron per kg body weight per day. The prophylactic dose in pediatric patients is 2 mg of
elemental iron per kg body weight per day reaching a maximum dosage of 30 mg per day [36].

Since gluten-free products are characterized by a low iron content [49], the intake of foods rich in
this mineral, such as meat, should be recommended to patients initiating a GFD.

Theethira et al. suggested measuring serum iron and ferritin at diagnosis, repeating every 3–6 months
until ferritin was normal, and then every 1–2 years for symptoms. Moreover, they suggested iron supplements
(325 mg), 1–3 tablets based on initial ferritin level until iron stores are restored, and consideration of intravenous
(IV) iron for severe symptomatic iron deficiency anemia or intolerance of oral iron.

In conclusion, it seems that when long GFD, including food tips to consume adequate dietary
iron, is not enough to restore iron levels (40% of LTGFDWGC subjects are iron-deficient), the right
approach could be to start with oral administration of iron.

Based on this background, a semi-annual steady and routine follow-up of blood iron and ferritin
levels is mandatory in subjects undergoing LTGFD [30].

3.3. Folic Acid

This research was carried out based on the keywords “folic acid” AND “supplementation” AND
“long-term GFD with good compliance” AND “celiac patient” OR “celiac disease”. A total of 17 studies
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were taken into consideration. Among these studies, 7 were prospective studies, 5 were review studies,
2 were observational case studies, 2 were randomized controlled trials, and 1 was a report.

The term “folate” describes the vitamer group B, based on the main structure of folic acid, which
shares the same vitamin activity. This group of vitamins is essential for the synthesis and repairing of
DNA, and they also act as cofactors for the enzymes involved in several biological reactions. Folate
occurs naturally in some foods, and its synthetic form, folic acid, is added to many food products to
increase the dietary intake. An example of supplementation is the addition of folic acid to wheat flour,
which has been introduced in 52 countries worldwide since 2007 [50].

Folate deficiency was detected in about 10–85% of adult patients with CD at diagnosis, and in
about 0-20% of patients following a GFD [17,20,22,51–54]. Usually the folate deficiency in CD occurs
in patients with lesions in the ileum [48,55,56].

Tighe et al. compared in the general population the effectiveness of 0.2 mg folic acid per day with
that of 0.4 and 0.8 mg/day in lowering homocysteine concentrations over a 6-month period. It has been
seen that folic acid significantly reduces the risk of stroke overall by 18%, but to a greater extent by
up to 25% in those trials that showed greater homocysteine lowering or in persons with no history
of stroke. The lowest dose of folic acid required to achieve effective reductions in homocysteine is
controversial but important for food fortification policy given recent concerns about the potential
adverse effects of overexposure to this vitamin. This study supports the potential benefit of enhancing
folate status and/or lowering homocysteine in the primary prevention of stroke. The authors suggest
that a folic acid dose as low as 0.2 mg per day can, if administered for 6 months, effectively lower
homocysteine concentrations [57].

Numerous studies have shown that a GFD would be sufficient to normalize folate status [21,48,58],
but one other [23] show that in a certain percentage of patients, folate levels remain low despite GFD
maintained for over 10 years. A possible explanation for this phenomenon is the reduced content of
folate in gluten-free foods as previously described by Thompson [49]. Another hypothesis is that in
celiac patients genetic alterations of the proteins involved in absorption and metabolism of folate may
be present [17].

Hallert et al. suggested providing patients with good information about folate-rich foods.
They also recommended starting supplementation in patients who show blood deficiencies after
GFD [17,23].

Dosage should be decided in relation to the initial value of the subject. In a study conducted by
Hallert et al. on celiac patients, they administered 0.8 mg of folic acid leading to normalization of
homocysteine values [24].

In conclusion, folate deficiency was detected in up to 20% of patients on LTGFDWGC. Given
this background, a semi-annual routine follow-up of blood folic acid level is mandatory in these
subjects. Dosage of supplementation should be decided in relation to the detected value in the subject.
The literature suggests supplementation with 1 mg/day of folic acid for 3 months, followed by a reduction
to 400–800 mcg/day [30] or with 0.8 mg of folic acid [24] in order to improve the poor folate status.

3.4. Vitamin D and Calcium

This research was carried out based on the keywords “vitamin D” OR “calcium” AND “long-term
GFD with good compliance” AND “supplementation” AND “celiac patient” OR “celiac disease”. A total
of 18 studies were taken into account. Of these studies, 5 were review studies, 4 were prospective studies,
3 were case reports, 2 were observational studies, 2 were guidelines, 1 was a case-control study and 1
was a meta-analysis study.

3.4.1. Vitamin D

The cholecalciferol, or vitamin D3, can be synthesized in the basal layers of the epidermis starting
from cholesterol, by the action of ultraviolet rays of sunlight, and this should be the main source of
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vitamin D for the body. Another source of vitamin D is food, from which the absorption occurs mainly
in the terminal ileum.

Numerous studies have shown low levels of vitamin D in many untreated celiac patients. Vitamin
D deficiency, investigated through blood value, was detected in about 8–88% of adult CD patients at
diagnosis, and in about 0–25% of patients following a GFD [17].

Nevertheless, certain patients, mainly post-menopausal women, continue to present bone density
levels below the normal range [59,60]. This seems to be partly due to lack of vitamin D1.

If GFD is not sufficient to bring the values in the normal range, supplementation of vitamin D
and calcium is required [17,61–63]. The Endocrine Society guidelines recommend, for the general
population, that serum levels of vitamin D are at least equal to 30 ng/mL, and that it is necessary to
decide the dosage of supplementation in relation to the initial value of the subject [64].

A meta-analysis conducted on general populations by Shab-Bidar et al. shows that a significant
increase in serum levels of vitamin D in adults is achieved with a dose of ≥800 UI/day, at least after
6–12 months of supplementation [65].

Consider that for the celiac patient, a commonly applied strategy in cases of serious vitamin D
deficiency is to prescribe a “loading dose” (e.g., 50,000 UI/week for 8 weeks) followed by reduced
doses, as shown by Duerksen in a case report study of a woman with CD [66].

In a study aimed at detecting the effects of calcium and vitamin D supplementation in celiac
children by Muzzo et al., daily supplementation with 1000 mg of calcium and 400 UI of vitamin D for
24 months was shown to have beneficial effects on the bone mass of celiac patients in whole body and
femoral neck measurements; however, these values did not reach the controls [67].

A recent study carried out by Zanchetta et al. suggests an intake of 1000–1500 mg/day of calcium
in two or more divided intakes of dairy products and a dose of vitamin D necessary to maintain a blood
level of 30 ng/mL [68].

Moreover, Theethira et al. suggested measuring vitamin D levels at diagnosis, repeating every
3 months until levels are normalized, and then every 1–2 years or for symptoms. If necessary, integrate
with 1000 (or more-based serum level) UI/day or 50.000 UI weekly if level is <20 ng/mL.

In conclusion, blood vitamin D deficiency was detected in about 0–25% of patients following
a LTGFDWGC [69].

3.4.2. Calcium

Calcium deficiency was detected in about 41% of adult patients with CD at the diagnosis [32] and
3.6% of treated children [70]. This seems to be due to malabsorption related to intestinal epithelial
damage, but it could also be linked to a reduced expression of a protein regulated by vitamin D
that controls the absorption of calcium [17,71]. Calcium absorption is impaired due to mucosal
atrophy. Therefore, to avoid hypocalcemia, parathyroid hormone increases substantially (secondary
hyperparathyroidism) and stimulates osteoclast-mediated bone degradation. Calcium is then obtained
from the skeleton reservoir, but this high remodeling state can lead to osteopenia and osteoporosis,
altering bone microstructure and increasing fracture risk [68].

In a study relating to the persistence of calcium deficiency despite a GFD, Kavak et al. undertook
the analysis of reduced intake and absorption, rather than the percentage of shortage investigated by
blood values in children patients after GFD [70]. The authors reported a reduction in calcium intake
in about 76–88% of patients adhering to a GFD [69]. Pazianas et al. described a reduced fractional
calcium absorption in adult celiac patients adhering to a GFD despite adequate calcium intake. Taken
into account their reduced fractional calcium absorption, the authors concluded that their daily dose
should be at least 1200 mg per day [72]. Larussa et al. showed that asymptomatic patients following
a GFD for at least 2 years showed normal circulating serum calcium and parathyroid hormone (PTH)
levels [73,74]. Zanchetta et al. showed a significant reduction of bone resorption parameters and PTH
values, with a significant increase in serum calcium and vitamin D after GFD. Sategna-Guidetti et al.
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described significant improvement of bone mineral density values in newly diagnosed CD patients
after 1 year of following a GFD [53,68].

Regarding supplementation, Zanchetta et al. suggested 1000–1500 mg/day in two or more divided
intakes of dairy products. The authors concluded that calcium supplementation may be an option if the
patient is not able or willing to fulfill the required intake through dietary means [68]. Theethira et al.
found that more than 50% of patients consume less than the recommended daily intake of calcium.
They recommended that CD patients undergo regular assessments with a dietitian and that the
recommended intake of calcium, including supplementation should be 1200–1500 mg/day [30].

3.5. Other Micronutrients

This research was carried out based on the keywords “zinc” OR “magnesium” OR “selenium” OR
“vitamin K” OR “thiamine” OR “riboflavin” OR “niacin” AND “supplementation” AND “long-term
GFD with good compliance” AND “celiac patient” OR “celiac disease”. Of the 15 studies that were
taken into account, 9 were review studies, 2 were report studies, 2 were prospective studies, 1 was
an observational study, and 1 was a case-control study.

3.5.1. Zinc

Zinc deficiency was detected in more than 50% of adult patients with CD at diagnosis, and
between 0–40% of patients following a GFD [17]. The lack of this mineral seems to be linked in part to
the its reduced absorption, due also to the degree of inflammation of the mucosa.

In the review by Theethira et al., they proposed to measure the serum zinc levels of CD patients at
diagnosis and repeat after 3 months until the level is normal, followed by every 1–2 years for symptoms.
They also suggested zinc supplementation between 25–40 mg/day until zinc levels were normal [30].

3.5.2. Magnesium

Magnesium deficiency was detected in about 21.4% of adult patients with CD at the diagnosis,
and a similar percentage (19.6%) in patients following a GFD [75].

This deficiency can be explained by malabsorption, but GFD may also lead to possible nutrient
deficiencies because gluten-free products are usually lower in magnesium, and gluten-free cereals
found in nature have a lower magnesium content compared with gluten-containing ones [9].

Furthermore, it has been seen that the resolution of mucosal inflammation may not be sufficient
to resolve the shortage of magnesium in celiac patient. The deficiency may also be linked to a reduced
intake of this mineral.

Breedon reported that some CD patients need additional magnesium supplement of 200–300 mg/day
in the form of magnesium oxide or magnesium chloride, while others can improve magnesium levels
through dietary means [76].

3.5.3. Selenium

Selenium deficiency is particularly remarkable because a GFD leads to its absence in cereal foods
such as wheat and its derivatives, which are a source of selenium [77]. There are no sufficient literature
data to describe a percentage of deficiency investigated through the blood level.

Reduced concentrations of selenium in whole blood, plasma, and leucocytes might develop in
several ways. Firstly, GFD might contain a reduced amount of selenium compared with a normal
diet, and, secondly, there might be malabsorption of selenium even when the patient is clinically
well. Between the extraintestinal symptoms associated with CD, autoimmune thyroid diseases are
more evident, underlining that CD-related autoimmune alterations can be modulated not only by
gluten but also by various concurrent endogenous (genetic affinity, over-expression of cytokines)
and exogenous (environment, nutritional deficiency) factors. The thyroid is particularly sensitive to
selenium deficiencies because selenoproteins are significant in biosynthesis and activity of thyroid
hormones, while other selenoproteins, including glutathione peroxidase are involved in inhibiting
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apoptosis. Thus, selenium malabsorption in CD patients can be considered a key factor directly
leading to thyroid and intestinal damage [78].

Studies have shown that in celiac patients, selenium supplementation between 120–200 mcg/day
is within a safe range. It is important, however, not to exceed the tolerable upper limit of 400 mcg/day
for selenium, as this can lead to gastrointestinal upset, hair loss and nerve damage [79].

3.5.4. Vitamin K

Vitamin K deficiency, investigated by markers like PIVKA-II or by prothrombin times, was detected
in about 25% of adult patients with CD at the diagnosis, and it seems to return to acceptable levels in
almost all patients following a GFD [72,80].

There are limited available data that relate the role of vitamin K and bone health in children and
adults with CD. Pazianas et al. examined vitamin K status in children newly diagnosed with CD using
prothrombin times as a marker of vitamin K status and found that approximately 35% of children
were lacking this marker [72]. However, this may have been an underestimate of the prevalence of
vitamin K deficiency as prothrombin time is a very insensitive marker of overall vitamin K status [72].
More sensitive markers of vitamin K status include serum levels of PIVKA-II, which is a vitamin
K-dependent protein [80].

In the study carried out by Mager et al., over 25% of children were vitamin K deficient at diagnosis,
investigated by PIVKA-II (which is a protein increasing in vitamin K absence), but it resolved in all
children after 1 year. This seems to be due in part to improvements in vitamin K intake on the GFD.
However, the remaining one-third of children and adolescents continued to have vitamin K intakes
considerably lower than the adequate intake on the GFD [80].

Suboptimal dietary intake of vitamin K is common in this population, including when on a GFD.
There are no sufficient literature data to recommend a specific dose of supplementation in celiac patient.
Therefore, careful consideration should be given to routine supplementation of this nutrient at time of
diagnosis of CD.

3.5.5. Niacin, Riboflavin and Thiamin

Deficiency of other micronutrients, like niacin, riboflavin and thiamin have been described in
several reviews at the time of diagnosis, although in the literature there is no accurate data on the
percentage of celiac patients with such deficiencies [2,16,18]. Deficiencies of niacin and riboflavin may
persist after a GFD [2,18]. Regarding thiamin, a study carried out by Shepherd et al. found that the
inadequacy of thiamin was more common after GFD implementation than at time of diagnosis [81].
This can be explained by the fact that many gluten-free cereal products do not provide the same levels
of thiamin, riboflavin, and/or niacin as enriched wheat flour products. As a result, a GFD that routinely
includes gluten-free cereal products could be deficient in one or more of these nutrients, especially if
these foods are, in large part, refined and unenriched [82].

Although there is insufficient data in the literature to recommend a dose for supplementation, it is
considered useful to carry out control of blood values after diagnosis and after a period of GFD.

4. Discussion

It is evident from the analyzed reviews that there emerges an attention towards nutritional
deficiencies that occur in celiac patients after an even longer period of GFD with good compliance.
The suggested course of action is a half-yearly routine search in patients on LTGFD nutritional deficiencies,
such as low levels of folic acid, vitamin B12, vitamin D, calcium, iron, zinc, selenium and magnesium
and the need to establish a personalized supplementation plan, following patients over time, to avoid
stopping of integration once the values are returned to their normal range, as shown in Table 2.
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Table 2. Supplementation of nutrients in generic state deficiency and in celiac patient.

Nutrient
Route of

Administration
Dosage and Sources

Vitamin B12 Oral preferable to
intramuscular

• 500 mcg/day ** [24]
• 1000 mcg orally until the level is normal and then consider daily gluten-free

multi vitamin/mineral supplement ** [30]
• 2000 or 1000 mcg/day, then 1000 mcg/week, then 1000 mcg/month * [29]

Iron Oral preferable to
intravenous

• A study on 25 pediatric patients with celiac disease and iron deficiency
showed good efficacy of oral administration of iron, (investigated by
Bisglycinate Ferrous Chelate) both in patients with gluten-free diet and in
those newly diagnosed ** [47]

• Therapeutic dose in pediatric patients: 3 mg of elementary iron/kg/day.
Prophylactic dose in pediatric patients: 2 mg of elementary iron/kg /day
until a maximum dosage of 30 mg/day ** [36]

• Iron supplements (325 mg) 1–3 tablets based on initial ferritin level until
iron stores are restored. Consider i.v. iron for severe symptomatic iron
deficiency anemia or intolerance of oral iron ** [30]

• Ferrous sulphate 200 mg 1 or 2/day, (ferrous fumarate, ferrous gluconate) or
formulations (iron suspensions) that may also be tolerated better than
ferrous sulphate. Oral iron should be continued for 3 months * [46]

• Therapy should start with a low dose (one tablet/day of any ferrous
sulphate commercially available or any other type of iron), and the intake
should be constant until the iron deposits are not restored * [40]

• Intravenous ferric carboxymaltose is a stable complex with the advantage of
being non-dextran-containing and a very low immunogenic potential and
therefore not predisposed to anaphylactic reactions. Its properties permit
the administration of large doses (15 mg/kg; maximum of 1000 mg/infusion)
in a single and rapid session (15-min infusion) * [45]

Folic acid Oral preferable to
parenteral

• −800 mcg/day ** [24]
• 1 mg/day of folic acid for 3 months and once diarrhea improves

400–800 mcg/day ** [30]

Vitamin
D—Calcium

Oral preferable to
parenteral

• 50.000 U.I./week for 8 weeks, then reduce the dose ** [66]
• 1000 mg of calcium and 400 U of vitamin D daily ** [67]
• Calcium: 1000–1500 mg/day in two or more divided intakes of dairy

products. If the patient is not able or willing to fulfill the required intake
through the diet, calcium supplements can be given. Vitamin D: dose
necessary to maintain a blood level of 30 ng/mL ** [68]

• Vitamin D: 1000 (or more-based serum level) U.I./day or 50.000 U.I. weekly
if level is <20 ng/mL. Calcium: recommended intake of calcium, including
supplementation, for patients with CD is 1200–1500 mg/day ** [30]

• -Vitamin D: ≥800 IU/day, at least for 6/12 months of supplementation * [65]

* Therapy in literature in generic state deficiency ** Therapy in literature in celiac patient.

To help patients reduce deficiencies of minerals (calcium, phosphorus, sodium, potassium,
chloride and magnesium) and trace elements (iron, zinc and selenium) it is important to advise them
to introduce into their eating habits pseudo-cereals, in which the content of these elements 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 [18].

It seems important to explain to patients that nutritional education and dietary supplementation
should become part of the therapeutic process, which must last a lifetime.

5. Conclusions

In conclusion, if correct GFD is not enough, and the blood levels of micronutrients remain low,
it is mandatory to start with personalized supplements. In this case, it would be helpful to evaluate the
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initial blood level to determine the right dosage of supplementation and repeat the examinations to
keep under control values.

In any case, there are a lot of unresolved questions regarding the causes and the mechanisms
that lead to these nutritional deficiencies. Further studies are absolutely required for the detailed
understanding of this topic.
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Abstract: Background and objectives: Grain food consumption is a trigger of gluten related disorders:
celiac disease, non-celiac gluten sensitivity (NCGS) and wheat allergy. They demonstrate with
non-specific symptoms: bloating, abdominal discomfort, diarrhea and flatulence. Aim: The aim of
the review is to summarize data about pathogenesis, symptoms and criteria of NCGS, which can
be helpful for physicians. Materials and Methods: The PubMed and Google Scholar databases were
searched in January 2019 with phrases: ’non-celiac gluten sensitivity’, non-celiac gluten sensitivity’,
non-celiac wheat gluten sensitivity’, non-celiac wheat gluten sensitivity’, and gluten sensitivity’.
More than 1000 results were found. A total of 67 clinical trials published between 1989 and 2019
was scanned. After skimming abstracts, 66 articles were chosen for this review; including 26 clinical
trials. Results: In 2015, Salerno Experts’ Criteria of NCGS were published. The Salerno first step
is assessing the clinical response to gluten free diet (GFD) and second is measuring the effect of
reintroducing gluten after a period of treatment with GFD. Several clinical trials were based on the
criteria. Conclusions: Symptoms of NCGS are similar to other gluten-related diseases, irritable bowel
syndrome and Crohn’s disease. With Salerno Experts’ Criteria of NCGS, it is possible to diagnose
patients properly and give them advice about nutritional treatment.

Keywords: non-celiac gluten sensitivity; irritable bowel disease; gluten; FODMAP; wheat allergy

1. Introduction

Wheat, rice and maize are the most commonly consumed grains worldwide. These products
are rich sources of starch—the basic dietary component for the growing human population [1].
Wheat contains gluten. In 1953 Dickie, van de Kamer and Weyers published a study confirming
malabsorption after wheat consumption in patients with celiac disease (CD) [2]. Nowadays,
gluten intake is considered to be the trigger of gluten related disorders (GRDs). In GRD, the gluten-free
diet (GFD) is principal, effective and yet the only treatment method. The gluten-free market is still
rising, not only because of growing interest and public awareness of GRDs, but also due to celebrities
touting this diet by for weight loss and athletes for improved performance [3], which is debatable as
grains should be the main source of energy in the human diet.

2. Materials and Methods

Standard up-to-date criteria were followed for review of the literature data. A search for
English-language articles in the PubMed database was performed. The PubMed and Google Scholar
databases were searched in January 2019 with phrases: ’non-celiac gluten sensitivity’, non-celiac
gluten sensitivity’, non-celiac wheat gluten sensitivity’, non-celiac wheat gluten sensitivity’, and gluten
sensitivity’. More than 1000 results were found. A total of 67 clinical trials published between 1989
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and 2019 was scanned. After skimming abstracts, 66 articles were chosen for this review including
26 clinical trials.

2.1. Gluten Related Disorders (GRDs)

The term “gluten intolerance” includes three different conditions: CD, allergy to wheat (WA)
and non-celiac gluten sensitivity (NCGS) [4]. To date, CD and WA comprise for the best known and
studied entities, which are mediated by immune system [1]. WA—classified as a classic food allergy is
induced by wheat (not only gluten) intake that leads to type I and type IV hypersensitivity. The crucial
role in WA disorder play IgE immunoglobulins [1,5]. CD is an autoimmune disease occurring in
genetically susceptible individuals with HLA-DQ2 and/or HLA-DQ8 genotypes. CD is characterized
by the presence of specific serological antibodies such as: anti-tissue transglutaminase (tTG) IgA,
anti-endomysium IgA (EMA) and anti-deamidated gliadin peptides IgG (DPG) [1]. There were
reported cases of patients with gluten sensitivity in which allergic and autoimmune mechanisms could
not be identified. They were collectively described as NCGS [1]. The NCGS or “non-celiac wheat
sensitivity” (NCWS) has been a topic of interest in recent years. This trend is associated with a large
number of studies concerning the syndrome [6,7]. The term NCWS is more adequate because of
components other than gluten, that may contribute to intestinal and extra-intestinal symptoms [6].
In 1980, Cooper et al. described intestinal gluten-sensitive symptoms in 8 patients in whom CD was
ruled out [8]. Further studies led to the definition of NCGS. NCGS is a condition characterized by
clinical and pathological manifestations, related to gluten ingestion in individuals in whom CD and
WA have been excluded [1,6,9,10]. Leccioli et al. described NCGS as a multi-factor-onset disorder,
perhaps temporary and preventable, associated with an unbalanced diet [11].

Interestingly, II MHC haplotype HLA-DQ2 and HLA-DQ8 typical for CD is present only in about
50% of NCGS patients [1]. The main features of GRDs are summarized in Table 1.

Table 1. Comparison of prevalence, pathogenic, and diagnostic features of gluten related disorders
(GRDs); non-celiac gluten sensitivity (NCGS), IgA anti-EMA (IgA antibodies against endomysium),
IgA anti-tTG (IgA antibodies against transglutaminase), IgG anti-DGP (IgG antibodies against
deamidated gliadin peptides).

Celiac Disease NCGS Wheat Allergy

Prevalence 0.5–1.7% no population studies 0.5–9% in children
Pathogenesis autoimmune non-specific immune response IgE mediated response
DQ2-DQ8 HLA
haplotypes positive in 95% cases positive in 50% cases negative

Serological markers IgA anti-EMA, IgA anti-tTG,
IgG anti-DGP, IgA anti-gliadin

IgA/IgG anti-gliadin in 50%
cases

specific IgE antibodies against
wheat and gliadin

Duodenal biopsy *
Marsh I to IV with domination
of Marsh III and IV

Marsh 0-II, but according to
some experts Marsh III might
also be in NCGS

Marsh 0-II

Duodenal villi atrophy present absent might be present or absent

* Marsh classification.

2.2. Epidemiology of Gluten Related Disorders (GRDs)

CD morbidity, based on serological results, is estimated to be 1.1% to 1.7% worldwide [12,13].
WA among children occurs with a frequency of 0.4–9% [5,14]. Due to an absence of diagnostic
markers and population studies, the prevalence of NCGS is not well established [5,6]. Although
studies have been conducted by several authors, this problem is still insufficiently explored. Previous
data were based primarily on questionnaires for self-reported gluten sensitivity SR-GS/self-reported
NCGS. According to several authors, the NCGS prevalence is from 0.6% up to 13% of the general
population [15–19]. NCGS was reported more often among women [16–18], adults in the fourth
decade of life [19,20] and individuals coming from urban area [18]. Among intestinal symptoms
the most frequent in NCGS are: bloating, abdominal discomfort and pain, diarrhea and flatulence.
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The most common extra-intestinal symptoms were: tiredness, headache and anxiety [15,16,18,20].
Differentiation between NCGS and functional gastrointestinal (GI) disease—mainly irritable bowel
syndrome (IBS)—may be difficult as some of the above-mentioned symptoms overlap with IBS
manifestations. Van Gils et al. pointed that 37% of self-reported gluten sensitivity individuals (SR-GS)
fulfilled the Rome III criteria for IBS, in contrast to 9% prevalence in the control group [18]. Similar
findings were reported by Carroccio et al. IBS symptoms were reported in 44% self-reported NCWS [15].
According to research conducted by Cabrera et al., IBS, eating disorders and lactose intolerance were
present more often in SR-GS individuals than in non-SR-GS group (14.3% vs. 4.7%) [16]. Herein,
discussed studies indicate that SR-GS/SR-NCGS may correlate with more frequent occurrence of IBS,
comparing to the general population. However, the German Society of Allergology and Clinical
Immunology emphasized that the publications about NCGS suffer from certain weaknesses: absence
of validated diagnostic criteria, suitable biomarkers, frequent self-diagnosis and unconfirmed etiology
of reported symptoms. Thus, the prevalence of NCGS cannot be clearly established [21].

2.3. Gluten

Gluten is defined as a family of proteins found in grains (wheat, rye, barley, oats). It includes two
main proteins: gliadin and glutenin. Also, similar proteins such as secalin in rye, harden in barley
and avenues in oats contribute to the definition of ‘gluten’ [22]. Gluten proteins are characterized
by high proline and glutamine content, moreover, they are resistant to proteolytic enzymes in the
gastrointestinal tract. In some individuals these peptides can cross the epithelial barrier and activate
immune system: trigger an allergic (WA) or autoimmune response (CD) [5]. Incomplete digestion leads
to significant changes in human gut and causes intestinal or extra-intestinal symptoms. Gliadin and
other gluten proteins stimulate T-cells. Some authors suggested that amylase-tripsin inhibitors (ATIs)
and fermentable oligo-, di-, and mono-saccharides and polyols (FODMAPs) may be associated with
NCGS [11]. Another wheat constituent, known as agglutinin-carbohydrate binding protein and
exorphins seem to influence immune system and induce damage of intestinal epithelium [11,22].

2.4. Amylase-Tripsin Inhibitors (ATIs)

ATIs are albumin proteins found in wheat representing up to 4% of total proteins in grains [1].
They are highly resistant to intestinal proteases [1] and may induce release of pro-inflammatory
cytokines from monocytes, macrophages and dendritic cells through activation of a toll-like receptor-4
in CD and NCGS patients [1,22]. ATIs may provoke activation of innate immune cells and intestinal
inflammation [21]. ATIs activate immunological system through effect on toll-like receptor-4 in
CD, that was confirmed in the research conducted by Junker et al. on mice deficient in TLR4 or
TLR signaling [23]. Authors observed, that their mice models were protected from intestinal and
systemic immune responses during oral ATIs intake [23]. Scientists also confirmed, that ATIs stimulate
monocytes, macrophages and dendritic cells in vitro to produce IL-8, IL-12, TNF, MCP-1 and Regulated
on Activation, Normal T-cell Expressed and Secreted (RANTES) [23].

2.5. Fermentable Oligo-, Di- and Mono-Saccharides and Polyols (FODMAPs)

FODMAPs are short-chain sugars with less than 10 carbon atoms in the molecule [24]. The attention
of scientists in recent years was drawn to the potential contribution of FODMAPS to pathogenesis
of gastrointestinal disorders [25]. The scientists from Monash University in Australia conducted
thorough analysis of a group of carbohydrates, which, despite their different structures, produced
similar postprandial effects. The most prevalent forms of FODMAP include: fructooligosaccharides
(FOS), galactooligosaccharides (GOS), lactose, fructose, polyols, sorbitol and mannitol. Barrett et al.
created a list of food products that are good sources of FODMAP (Figure 1) and poor in short chain
sugars (Figure 2) [24].
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Figure 1. List of products being the source of fermentable oligo-, di-, and mono-saccharides and polyols
(FODMAPs).

Figure 2. List of products low in FODMAPs.

Compounds belonging to the FODMAP group are not digested nor absorbed in the gastrointestinal
tract. They have a strong osmotic effect and undergo rapid fermentation in the intestines, resulting in
intestinal liquefaction, excessive gas production, bloating and pain. They may cause or exacerbate
symptoms in susceptible patients with inflammatory bowel disease and irritable bowel syndrome
(IBS) [24,25]. Numerous studies have confirmed the improvement in patients suffering from ulcerative
colitis, Crohn’s Disease and IBS following the elimination of short-chain sugars from the diet [26].

Wheat is a rich source of gluten and also contains large amounts of FODMAPs, which play a key
role in NCGS development [27]. Some researchers suggest that diet low in FODMAP is beneficial for
NCGS patients [25].

Considering the above research results, scientists are leaning towards renaming NCGS to a more
recent NCWS [27]. It should be emphasized that a diet poor in FODMAPs should not be used without
medical indications, as healthy people do not benefit from such diet [24]. Moreover, it was proven
that FOS and GOS, compounds belonging to FODMAPS, alike prebiotic, favor proper colonization
of intestines with Bifidobacteria and Lactobacilli bacteria and limit the proliferation of Bacteroides spp.,
Clostridium spp. and Escherichia coli. There is evidence that short-chain fatty acids (SCFA)—the product
of FODMAP fermentation—have protective properties against colorectal cancer [24,27]. FODMAPs are
believed to have a positive effect on lipid metabolism by lowering serum cholesterol, triglycerides and
phospholipids [27]. In addition, this diet leads to calcium absorption disorders, lowering its serum
levels. People resigning from products that are the source of FODMAP are at risk of vitamin and
antioxidants deficiency [27,28]. Therefore, it is suggested to supplement vitamins, pro- and prebiotics
when switching to the low FODMAPs diet [24,27].

2.6. The Salerno Experts’ Criteria of NCGS

As long as the NCGS biomarker is not available, certain limitations are included in two-step
diagnostic protocol introduced in 2015. However, up to date The Salerno Experts’ Criteria constitute
the only accessible recommendations for diagnosis of NCGS. It should be emphasized that according
to currently used criteria, NCGS should not be based only on exclusion diagnosis, which is new in
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comparison to the former practice [29]. Thus, the guidelines indicate the need of a standardized
procedure: 6-week course of gluten-free diet—with the simultaneous, continuous assessment of
symptoms and their intensity, followed by measuring the effect of reintroducing gluten after a period of
treatment with GFD. A modified version of the Gastrointestinal Symptom Rating Scale (GSRS) was found
to be applicable in terms of symptoms evaluation. Although limited, double-blind-placebo-controlled
(DBPC) procedure remains to be the golden standard in NCGS investigation, yet, single-blinded
procedure is allowed for the purposes of clinical practice [29–31]. The guidelines stress the importance
of patient compliance, especially when it comes to shift to GFD, which should be discussed with a
dietitian before implementation [29].

Back to the limitations—it is recommended to use gluten in the form of commonly consumed
food products, during gluten challenge, rather than in the form of gluten capsules. Nevertheless,
there is presumption that ATIs and FODMAPS—as the constituents of grains—interfere with the DPBC
results [6,30,32]. Moreover, since the study on patients complaining about IBS-like symptoms, it was
revealed that almost two-thirds of questioned patients presented nocebo effect after elimination diet,
which seems to have same significant influence on performing DBPC during gluten challenge [29,33].

The fact that numerous symptoms manifested by active NCGS can be either vague or simply
mimic other medical conditions, makes the diagnostic process long lasting and complex. For instance,
bloating, abdominal pain, and irregular bowel movements are typical symptoms seen in IBS [20].
The overlapping symptoms of IBS, Crohn’s disease and GRD are shown in Figure 3.

Figure 3. Overlapping symptoms in Crohn’s disease, IBS and gluten-related disease.

The similarity between symptomatology of IBS and NCGS may lead to a wrong diagnosis
and ineffective treatment [6]. The clinical case described by Vojdani and Perlmutter, presented
a 49-year-old woman formerly diagnosed with IBS. The patient complained about abdominal
pain, constipation, acid reflux and headache. Following conditions were contemplated and
finally excluded: autoimmunological disorders, abnormal level of thyroid hormones, H. pylori
infection [34]. Consequently, in the course of inappropriate therapy, the patient developed symptoms
imitating systemic lupus erythematosus. Furthermore, the patient showed some improvement after
corticosteroids administration, which appeared to be confusing for making right diagnosis as well [34].
Ultimately, after years of inappropriate treatment, the NCGS turned out to be the reason for patient’s
affliction. In addition, a few studies indicate that NCGS can be primary trigger for developing IBS.
Virtually, as NCGS and IBS-like symptoms tend to overlap, the diagnostic process is particularly
challenging [20,35,36].
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Even though the diagnosis within the wide spectrum of bowel diseases was made, in the case
of continuous therapy failure, it is crucial to reconsider NCGS as the possible cause. A clinical
case of a patient with NCGS overlapping Crohn’s disease has been reported. The onset of Crohn’s
disease is characterized mainly by unspecific symptoms, including diarrhea, weight loss, right lower
quadrant abdominal pain, which proceed in a gradual way, with very harmful effects [37]. In the
above-mentioned case report, the patient suffered from refractory Crohn’s disease for 14 years and
elevated IgG class antibodies directed against native gliadin (AGA) were detected, which shed a light
on gluten related disorder. Introduction of GFD ceased diarrhea and enabled the patient to gain
weight [34]. It is worth highlighting that NCGS patients are twice as likely to have AGA positivity [38].

At present, the linkage between gluten sensitivity, such as CD, and neurological disorders seems to
be obvious. So far, numerous studies have unveiled extra intestinal symptoms affecting the peripheral
and central nervous system due to celiac sprue. Although not fully understood yet, a wide range of
NCGS neurological complications has been reported too. The state-of-the-art knowledge on NCGS
revealed its association with transient and subtle cognitive impairment, being called “brain fog” [39].
Some scientists suggest NCGS to worsen symptoms in the context of depression but further examination
must be performed to comprehend and determine NCGS relation with depressive disorders [32].
Busby et al. in their meta-analysis pointed out that standardization of methods measuring dietary
adherence and mood symptoms is vital in terms of future research. Nevertheless, they admit that the
gluten elimination diet may be an applicable treatment for mood disorders in patients suffering from
gluten-related diseases [40].

It has not been until recently, when researchers explored that NCGS may be associated with gluten
ataxia (GA), as the patients with typical GA symptoms did not meet criteria for CD diagnosis [41].
NCGS symptoms are believed to originate from an innate immune response. Interestingly, autoimmune
diseases are reported to be more frequent in this group of patients, comparing to sheer IBS patients [42].

3. Results

Comparison of selected clinical trials concerning NCGS is shown in Table 2. In the study by
Capannolo et al. patients with CD and WA were excluded while in the study by Elli et al. patients
without CD, WA, IBS were enrolled. The prevalence of NCGS, CD and WA among patients with
functional GI symptoms in the study of Capannolo et al. was estimated to be 6.88%, 6.63% and
0.51%. Capannolo et al. indicate that high frequency of visits due to gluten-related symptoms is not
associated with high prevalence of GRDs. Ellie et al. established that 14% of patients, suspected to have
NCGS because of responding to gluten withdrawal showed a symptomatic relapse during the gluten
challenge. It was highlighted that GFD can have a beneficial effect even in the absence of CD or WA.
However, there are certain limitations seen in both of compared above research papers. The research of
Capannolo et al. was lacking blindness in GFD challenge and missing evaluation of possible influence
of other food components. Besides it was conducted before Salerno Criteria were introduced (2015).
A choice of timing and gluten dosage shown in the research of Elli et al. was not in line with the timing
suggested by Salerno criteria. In addition, the protocol did not make use of a scheduled diet besides
GFD. Moreover, a nocebo effect may be presumed, in consistence with symptomatic deterioration
observed in the placebo group. Other diet variables in both studies cannot be excluded (ATIs) [43,44].
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In 2015, Zanini et al. published a prospective, randomized, double-blind, placebo-controlled study
on patients without CD or wheat allergy as seen in Table 2. Scientists observed 35 patients (31 females
and 4 males) being on a GFD due to their own initiative because of gastrointestinal symptoms they had
had on a diet containing gluten. They were switched to a diet containing gluten. Participants’ ability to
distinguish between flours containing gluten and gluten-free was assessed, as well as their score in the
Gastrointestinal Symptoms Rating Scale (GSRS). In order to participate in the study, patients had to be
over 6 months a self-prescribed GFD and have a Gastrointestinal Symptoms Rating Scale (GSRS) below
4. The CD had had to be excluded before the start of the GFD. Before the beginning of the study t-TG
antibody levels were measured and patients were instructed how to keep a diet diary. After 3 months,
t-TG antibody level was checked again and GSRS questionnaire was performed. The participants
received 10-g sachets containing gluten-free or gluten- containing flour labeled A or B. Patients were
ordered to add contents to the pasta or soup for 10 days. Then for 2 weeks there was a washout period.
Then, the patients received a second sachet with the other label, which they were to consume for
10 days. The primary outcome was the ability of the participants to correctly identify flour containing
gluten. The study showed that only 34% (12 participants) correctly identified gluten- containing flour.
Two thirds of the participants were not able to properly identify flour containing gluten. Almost half of
the participants 17 (49%) misidentified gluten-free flour as gluten-containing flour, but those patients
recorded symptoms and their GSRS scores increased on the flour not containing gluten. The gluten-free
flour used in this test contained FODMAP [45].

Hollon et al. in their study (Table 2) disclosure ex-vivo gliadin effect on gut permeability in
patients with active celiac disease (ACD), remission celiac disease (RCD) and gluten sensitivity
(GS). The results of the research indicated that in all four groups, including control group (NG),
there is certain response to gluten administration [46]. Researchers reported increased permeability
particularly comparing ACD and GS groups to RCD, which is due to gluten induced alteration of
intestinal barrier. Furthermore, researchers by means of quantification method investigated changes
in following cytokines IL-6, IL-8, IFN-γ, TNF-α, which showed no significant difference, however,
in this case a short period of incubation could implicate results. It should be emphasized that lack of
blindness in GFD challenge while recruiting GS group along with lack of GFD challenge in the control
group are important limitation in discussed study and could impact final results [46].

Shahbazkhani et al. investigated the relationship between dietary habits in IBS patients and
consequent symptom fluctuations (Table 2). In particular researchers were interested in gluten impact
on wellbeing of IBS patients and weather it may induce IBS-like symptoms. After rigid inclusion
and exclusion criteria, strict six-week GFD 72 patients were recruited and divided into two groups:
gluten containing group (study group), gluten free group (placebo group). Symptoms were analyzed
by means of visual analogue scale (VAS). The results of the research revealed significant worsening
of symptoms in a study group after gluten powder challenge. Scientists reported increase of overall
symptoms such as satisfaction with stool consistency, tiredness, nausea, bloating in study group
comparing to the control one. The results occurred to be statistically significant [47]. Nevertheless,
there was limitation such as gluten form—a packet of 100 g powder, which is not recommended
anymore by Salerno criteria [29].

According to the study published in Gastroenterology, scientists discovered that FODMAPs are
another wheat antigen along with gluten triggering symptoms in patients with NCGS. Biesiekierski et
al. conducted a double-blind crossover trial in which participated 37 patients suffering from NCGS and
IBD. The following exclusion criteria were applied: age less than 16 years, CD confirmed by genetic
tests and duodenal biopsy, alcohol abuse, chronic non-steroidal anti-inflammatory drugs (NSAIDs)
and immunosuppressant treatment, uncontrolled psychiatric illness. Patients who had confirmed
symptoms of IBS by accomplished the Rome III criteria and symptoms well controlled on a GFD
were qualified for the study. Another requirement was to follow the GFD 6 weeks before this clinical
trial. The first stage of the study was identical for all participants and the task was consuming for
a one week a gluten-free and low FODMAPs diet. After a 2-week washout period, patients were
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randomly assigned to the three groups: high-gluten, low-gluten and placebo, without introducing
FODMAP into the diet. The symptoms of the patients were measured by using 100-mm VAS scoring
and Daily-Fatigue Impact Scale (D-FIS). All participants were asked to return to the second stage of this
study—trial in which all patients received each diets for 3-days [48]. Gluten-specific responses were
found only in 8% of patients. Scientists found a high nocebo effect and reproducibility of induction of
symptoms in each arm was low [48].

Biesiekierski et al. noticed that patients with NCGS do not present a statistically significant
occurrence of symptoms after introducing gluten into the diet, if at the same time they limit products rich
in FODMAP (Table 2). These results may suggest that the symptoms in patients suffering from NCGS
may in many cases be associated with intolerance to the contained sugars, but not hypersensitivity to
gluten. Surprisingly, the patients involved into study evinced eminently high VAS ratings for their
symptoms, despite being on GFD. Furthermore, an anticipatory nocebo response could influence the
final results of this DBPC research. It is interesting that all participants eventually returned to GFD at
the end of the trail as they ‘subjectively describe feeling better’ [48].

Scientists from Oslo, Skodje et al., conducted a study in which took part 59 patients on a GFD,
in whom CD was excluded (Table 2). Participants were divided into three groups: receiving diet
including gluten (5.7 g), fructans (2.1 g) and placebo. The clinical trial lasted 7 days and was preceded
by a 1-week washout period. The following symptoms were recorded: pain, bloating, diarrhea,
constipation, nausea, dizziness, weakness, sleepiness and tiredness. Participants filled a questionnaire
containing 13 questions about their gastrointestinal symptoms and filled VAS. The results were
measured by GSRS, Irritable Bowel Syndrome scale (GSRS-IBS), VAS, Short Form-36 (SF-36) and
Giessen Subjective Complaint List [49]. Scientists observed that daily symptoms calculated using
VAS score were significantly higher in fructans diet. Furthermore, they noticed that overall GSRS-IBS
was higher in the FODMAPs group (38.6 g) than in the gluten group (33.1 g) and placebo (34.3 g).
More ailments were recorded in the group receiving fructans, compered to two another groups.
In addition, it was demonstrated that a diet rich in FODMAPSs caused greater weakness and decreased
vitality compared to the placebo and gluten groups. The results of the study indicate that FODMAPs
are a trigger factor of gastrointestinal complaints in patients suffering from NCGS [49]. Thus, scientists
are leaning towards renaming NCGS to a more recent NCWS [27].

Di Sabatino et al. observed increased severity of intestinal symptoms (abdominal bloating,
abdominal pain) and extra intestinal symptoms (foggy mind, depression, and aphthous stomatitis)
among subjects with suspected NCGS (excluded CD and WA). Although, this study did not make a
significant contribution in development of knowledge about NCGS and had some weaknesses such as
lack of a control group, it indicates possible symptoms experienced by NCGS patients (Table 2) [50].

In order to prove that gluten is a trigger factor in patients with NCGS, Rosinach et al. conducted a
study in which 18 participants were assigned to gluten or placebo groups. In 10 out of 11 patients,
symptoms worsened in response to a gluten-containing diet, 7 of which were withdrawn from the
study due to the severity of the symptoms [51]. There was no early termination in the placebo group
although in 2 participants symptoms were observed (Table 2) [51].

Carroccio et al. collected and analyzed data from 200 patients examined in previous study with
diagnosed NCWS. Their findings are interesting because about 90% of patients who maintained
wheat-free diet (WFD) were characterized by significant improvement of IBS symptoms [52].
The authors came to the conclusion that NCWS is a persistent condition and patients with NCWS
should therefore be correctly identified and treated with WFD (Table 2) [52].

Roncoroni et al. conducted a study on dietary exposure to different amounts of gluten in patients
meeting the criteria of the NCGS [53]. Researchers observed different reactions of patients after the
introduction of gluten. Some of them had a worsening of well-being and increased symptoms after a
small dose of gluten, others observed this effect after the medium dose and others only after a high
dose of gluten (Table 2) [53].
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Carrocio et al. in their study in 2011 emphasize the link between particular food ingestion and
deteriorating symptoms in a subgroup of IBS patients [54]. It clearly shows alleviation of the symptoms
in 22% of IBS patients—whose previous treatment was ineffective—after eliminating gluten from
the diet. Moreover, researchers excluded association of DQ2 and DQ8 haplotypes with frequent
gluten sensitivity, however, patients presenting food hypersensitivity (FH) to both wheat- and cow’s
milk-protein were reported to be often DQ2/DQ8 positive. Fecal eosinophil cationic protein (ECP) may
be useful while identifying FH in IBS-patients (Table 3) [54].

Carroccio et al. in their study published in 2012 examined individuals with non-celiac WS,
diagnosed by DBPC challenge with IBS-like symptoms, compared to CD patients and IBS patients [55].
Authors described presence of two types of WS subjects: WS similar to CD and WS associated with
multiple food hypersensitivity. Besides, symptoms such as anemia, weight loss, self-reported wheat
intolerance, coexistent atopy, and food allergy in infancy were noticed more often in WS compared
to IBS controls. Furthermore, WS individuals were characterized by higher frequency of presence
IgG/IgA anti-gliadin in serum, basophil activation (assessed by flow cytometric method) and histology
specific eosinophil infiltration of the duodenal and colon mucosa. This study shows the differences
between non-celiac WS and other gluten-related disorders (Table 3) [55].

Volta et al. in their study, assessed the level of immunoglobulin distinctive for CD in patients with
GS comparing to CD [56]. They revealed that 50% of GS patients presented IgG AGA, whereas IgA
AGA was seen only in a few patients in study group. Besides, researchers observed absence of IgA
EmA, IgA tTGA, IgG DGP-AGA, which are typical for CD, within GS group (Table 3) [56].

Basing on a study group conducted by Volta et al., Caio et al. continued research on AGA IgG [38].
Scientists aimed to explore GFD impact on AGA IgG titer in AGA IgG positive patients (44 individuals)
with NCGS. After six months of GFD AGA IgG disappeared in all the patients (Table 3).

Carrocio et al., in another research conducted in 2015, evaluated and described frequent ANA
positivity within NCWS patients group [57]. The study demonstrated ANA positivity occurring
along with DQ2/DQ8 haplotypes. As it was previously discussed, DQ2/DQ8 positivity is a distinctive
feature of CD rather than NCWS. Thus, researchers highlight the need of intraepithelial intestinal flow
cytometric pattern, which is an accurate method identifying seronegative CD patients, in the initial
diagnostic biopsy. However, scientists found autoimmune diseases (AD) particularly frequent in study
group. Autoimmune thyroiditis was reported to be the most frequent AD and amounted for 22% and
24% in retrospective and prospective groups respectively Table 3) [57].

Infantino et al. similarly to Volta observed frequent IgG AGA occurrence in NCGS patients,
however, the author highlights that it is still lacking diagnostic accuracy. Nevertheless, in some cases,
it can be helpful in the diagnostic process of NCGS patients [58].

Papers included in Table 3. Indicate IgG AGA and ECP to be helpful diagnostic tool while
diagnosing NCGS. Still they have limited application in a large group of NCGS patients and cannot be
widely used in NCGS diagnostic protocol [54,58].
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4. Discussion

Nowadays, a gluten-free diet is fashionable and is promoted by many celebrities. Many people
undergo this fashion and despite lack of symptoms, try to reject gluten because they believe it may
harm their health. In 2016, as much as USD 15.5 billion was spent on gluten-free food sales. This value
is more than twice as high as in 2011. Lack of gluten in food consumed by people who tolerate it well
may not bring favorable results.

In a study conducted by Norsa et al., children with CD were tested for at least one year on a GFD
diet. As many as 34.8% of children on GFD diet had high concentrations of triglycerides on fasting,
24.1% high concentration of LDL cholesterol and 29.4% increased blood pressure. In 52 out of 114
participants there were available cards with information on blood lipids concentration before GFD
introduction. 24% of children on GFD had had LDL cholesterol borderline values. That was much
more than before the introduction of the diet (10%). However, these data did not meet the value of
statistical significance (p = 0.09) [59].

Studies show that gluten may have a positive effect on triglyceride levels. In a clinical trial in
which 20 adults with hyperlipidemia took part, a group with a balanced diet and a group with a high
gluten content (78 g per day with an average human intake of 10–15 g) were studied. The high gluten
diet group had a decreased triglyceride concentration of 19.2% (p = 0.0003) compared to the control
group after one month of the study [60]. In another study, a group of patients consuming 60 g of gluten
per day had a 13% (p = 0.05) lower triglyceride concentration compared to the control group [61].
In a study published in 2017, the estimated gluten consumption lead to the protective effect against
cardiovascular disease (HR 0.85, 95% CI 0.77-0.93, p = 0.002) [62].

Gluten-free products can also be more than twice as expensive as regular products [63]. There are
other disadvantages of GFD. The GFD turned out to be poor in trace elements and vitamins, such as zinc,
iron, magnesium, calcium, vitamin D, vitamin B12, folate, and fiber [64,65]. Furthermore, Tovoli et. al.
compared scores obtained by NCWS and CD individuals using quality of life questionnaire (CDQ)
before GFD introduction and after at least one year. NCWS patients still reported intestinal and
parenteral symptoms, although symptoms were significantly reduced in comparison to period before
GFD. Therefore, other factors influencing NCWS should be investigated [66].

Finally, based on revised research results, it is clear that NCGS still remains to be the subject of
uncertainty, especially in terms of other wheat components contribution to its symptoms. There are
only a few published forms of research in the last six years. It should be stressed that it is hard to
compare the results of each study as obtained methods and criteria significantly vary. Moreover,
the timing of onset of each research was of a great importance as some of them were conducted before
Salerno criteria were introduced, which led to many interpretations and qualification protocols of
patients with NCGS-like symptoms. Further investigations and seeking for biomarkers would play
key role in improving of the diagnostic process and patients’ follow up.

5. Conclusions

1. Symptoms of non-celiac gluten sensitivity are similar to gluten-related disease, irritable bowel
syndrome and Crohn’s disease.

2. With Salerno Experts’ Criteria of non-celiac gluten sensitivity it is possible to diagnose patients
properly and give them advice about nutritional treatment.
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Abstract: Background and Objectives: Celiac disease (CD) is a multifactorial immune-mediated disorder,
triggered by the ingestion of gluten in genetically-predisposed subjects carrying MHC-DQ2 and
-DQ8 heterodimers, which are encoded by four HLA-DQ allelic variants, overall. This meta-analysis
aims at providing further epidemiological support to the predominant relevance of one specific
allele, namely HLA-DQB1*02, in the predisposition and genetic risk of CD. Materials and Methods:
We performed a search of MEDLINE/PubMed, Embase, Web of Science, and Scopus, retrieving all
publications (case–control study, cross-sectional, and retrospective cohort study) on the association
between HLA class II polymorphisms and first-degree relatives (FDRs) of children with CD. After a
critical reading of the articles, two investigators independently performed data extraction according
to the following inclusion criteria: HLA class II genes, any DQ and DR molecules, and CD diagnosed
following the current clinical guidelines. A third participant was consulted for discussion to reach an
agreement concerning discrepancies. Results: Our search strategy selected 14 studies as being eligible
for inclusion, and those were submitted for data extraction and analysis. These studies were published
between 1999 and 2016 and, collectively, enrolled 3063 FDRs. Positive and negative likelihood ratios
(LR+ and LR−, respectively) for CD diagnosis, according to the presence of the HLA-DQ genotype
coding a complete MHC-DQ2 and/or MHC-DQ8 molecules, were 1.449 (CI 1.279–1.642) and 0.187
(CI 0.096–0.362), respectively. If only the isolated presence of HLA-DQB1*02 allele is considered,
the pooled estimation of LR+ was 1.659 (CI 1.302–2.155) and, importantly, the LR− still showed a
very good discriminatory power of 0.195 (CI 0.068–0.558). Conclusions: Through our differential
meta-analysis, comparing the presence of the genotype coding the full MHC-DQ2 and/or DQ8
molecules with the isolated presence of HLA-DQB1*02 allelic variant, we found that the LR− of the
latter analysis maintained the same value. This observation, along with previous evidences, might be
useful to consider potential cost-effective widened screening strategies for CD in children.
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1. Introduction

Celiac disease (CD) is a multifactorial immune-mediated disorder, triggered by the ingestion of
gluten and other gluten-related proteins in genetically predisposed subjects. Importantly, the HLA-DQ
alleles, coding α and β chains of the MHC-DQ2 and -DQ8 heterodimers, have been shown to be a
necessary, but not sufficient, immunogenetic background for the development of CD. These HLA-DQ
haplotypes have been estimated to contribute up to 25%–40% of the genetic risk for CD and have been
reported to be present in around 35–40% of the general population in North America and Europe,
where the prevalence of CD is close to 1% and, probably, even more if only the pediatric population is
considered [1,2].

In particular, children are a vulnerable population with respect to the complications and long-term
consequences of untreated CD, taking into account also their longer life-expectancy. Moreover,
in addition to gastrointestinal symptoms, a considerable number of patients with CD present
extra-gastrointestinal manifestations only (leading to under-diagnosis and/or significant diagnostic
delays), and some patients may be completely asymptomatic, although they often report a subjective
improvement after starting a gluten-free diet. Long-term complications of untreated CD are plausible,
but there are still few studies addressing this specific issue [2–6].

All these epidemiological and clinical aspects have stimulated the scientific debate about the
possibility to implement a wider screening strategy to identify CD patients, especially in children.
Indeed, the screening approach by active case-finding, limited to the first-degree relatives (FDRs)
of CD patients and children affected with other autoimmune diseases or chromosomal aberrations
(known to be statistically associated with CD), was only partially effective as most asymptomatic or
mildly symptomatic patients have no clear risk factors and, thus, cannot be detected [7,8]. However,
extending the serological screening to all children and repeating it at several ages in childhood, is not a
sustainable approach and, therefore, alternative strategies must be sought.

It is well known that HLA-DQ genotyping is useful to ascertain the susceptibility to CD with
very high—if not absolute—discriminatory power. Indeed, it is very unlikely that individuals who
do not carry any specific HLA-DQ alleles, coding MHC-DQ2 (HLA-DQA1*05 + HLA-DQB1*02)
and MHC-DQ8 (HLA-DQA1*03 + HLA-DQB1*03:02) heterodimers, can develop CD [1,8]. Such a
knowledge resulted to be very useful in the diagnostic approach to some complex cases (e.g. patients
with antibody deficiencies) and, importantly, was able to avoid the duodenal biopsies in those children
fulfilling some specific clinical and serological criteria, according to the ESPGHAN (European Society
for Pediatric Gastroenterology, Hepatology and Nutrition) guidelines, published in 2012 [9]. Recently,
several groups started to investigate the possibility to take advantage of specific HLA-DQ genetic
analyses for a potential multi-step approach to extend the screening for CD to children who are not
considered to be at higher risk, as defined above. That may be feasible through a reduction of the
costs for the genetic analysis, compared to the high-resolution HLA genotyping. For this purpose, one
contributing factor may be limiting the genetic analysis to specific CD-predisposed HLA-DQ alleles
and, in particular, to the HLA-DQB1*02 allele, which plays a relevant role in CD genetic predisposition,
according to the risk gradient showed in Figure 1 [8,10–12]. Through this meta-analysis, we aim at
providing further epidemiological support to this potential approach.
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Figure 1. HLA-DQ risk gradient for Celiac Disease according to the odds-ratio (OR) values from our
previous meta-analysis (modified from De Silvestri et al.).

2. Materials and Methods

2.1. Protocol

This work was written according to PRISMA guidelines [13], as described in Figure 2. Through this
meta-analysis, we aimed at quantitatively evaluating the association between HLA-DQ polymorphisms
and the susceptibility to CD in FDRs of pediatric CD patients.

2.2. Search Strategy

We performed a search of PubMed, EMBASE, Web of Science, and Scopus, retrieving all
publications (case-control study, cross-sectional, and retrospective cohort study) on the association
between HLA class II polymorphisms and first-degree relatives (FDRs) of CD children. We searched
all articles published up to September 2018 in several languages (English, French, German, Italian,
Portuguese, and Spanish).

We performed the search strategy using a free-text search (keywords) and thesaurus descriptors
search (MeSH and Emtree) for each concept, adapted by a trained librarian for all the selected
databases. In detail, an expert librarian performed the search by using the following terms: (“celiac
disease” [MeSH] OR “celiac disease” [tiab] OR “coeliac disease” [tiab]) AND (“Histocompatibility
Antigens Class II” [Mesh] OR “Histocompatibility Antigens Class II” [tiab]) AND (“nuclear family”
[mesh] OR relative* [tiab] OR sibling* [tiab] OR parent* [tiab]) AND (“mass screening” [mesh] OR
screening [tiab] OR prevalence[tiab] OR “Prevalence” [Mesh] OR “Predictive Value of Tests” [Mesh]
OR “predictive value” [tiab]). In Embase, the search used the following terms: (‘celiac disease’/exp OR
‘celiac disease’:ti,ab OR ‘coeliac disease’:ti,ab) AND (‘HLA antigen class 2’/exp OR “Histocompatibility
Antigens Class II”:ti,ab) AND (‘nuclear family’/exp OR relative*:ti,ab OR sibling*:ti,ab OR parent*:ti,ab)
AND (‘screening’/exp OR screening:ti,ab OR ‘Prevalence’/exp OR prevalence:ti,ab OR ‘predictive
value’/exp OR ‘predictive value’:ti,ab). In Web of Science, the search used the following terms: (“celiac
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disease” OR “coeliac disease”) AND HLA AND (relative* OR sibling* OR parent*) AND (screening OR
prevalence OR “predictive value”). In Scopus, the search used the following terms: “celiac disease” OR
“coeliac disease” AND HLA AND (relative* OR sibling* OR parent*) AND (screening OR prevalence
OR “predictive value”).
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Figure 2. Flow diagram of the study following the PRISMA guidelines.

2.3. Data Extraction

After a critical reading of the articles, two investigators independently performed data extraction
according to the following inclusion criteria: HLA class II genes, any DQ and DR molecules, and celiac
disease diagnosed following the clinical criteria set by Meeuwisse (1969–1970), Walker-Smith et al.
(1990–2012), and Husby et al. (2012 ESPGHAN guidelines) [9,14,15]. The third participant was
consulted for discussion to reach an agreement concerning discrepancies.

2.4. Data Synthesis and Meta-Analysis

STATA 14.2 (StataCorp., College Station, TX, USA) and METADISC 1.4 were used for statistical
analysis to perform meta-analysis the [16]. Heterogeneity was checked through the χ2-test and the
I-squared statistics [17]. The criteria for identification of heterogeneity were p values less than 0.10
for the χ2-test and an I-squared value greater than 50%. When there was no statistical evidence for
heterogeneity in effect sizes, we used the fixed-effect model to analyze odds ratios (ORs) or relative
risks in FDRs. When significant heterogeneity was identified, we used the random-effects model (REM)
and explored sources of significant heterogeneity [18,19].

We considered all studies including subjects analyzed for both the HLA-DQA1*05 and
HLA-DQB1*02 alleles (coding the DQ2 molecule) and/or for the HLA-DQA1*03 and HLA-DQB1*03:02
alleles (coding the DQ8 molecule). For each selected study, we calculated sensitivity, specificity, positive
likelihood ratio (LR+), and negative likelihood ratio (LR–) to develop CD. In order to produce clinically
useful statistics, we calculated the pooled LR+ and LR– values. For all estimated values, we provided
the 95% confidence interval (CI).
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3. Results

3.1. Study Selection

Our search strategy yielded 794 papers for consideration. Following elimination of duplicates,
205 titles and/or abstracts were reviewed. Of these, 176 were excluded and, among the remaining
29 full-text manuscripts, 14 studies were deemed eligible for inclusion and were submitted to data
extraction and analysis (refer to Figure 2). These studies were published between 1999 and 2016
and, collectively, enrolled 3063 FDRs. In detail, our analysis included three studies from India, two
studies each from Chile, Italy, and Spain, and 1 study each from Brazil, Cuba, Jordan, Finland, and the
USA [20–33].

Among the 3063 FDRs, 1720 patients were MHC-DQ2 or -DQ8 carriers, but only 352 were
diagnosed with CD; among these, 337 patients were MHC-DQ2 or -DQ8 carriers. Thus, the prevalence
of CD among FDRs was around 11.5% (CI 10–12).

3.2. Study Quality

The quality of selected studies, in terms of laboratory methods, methods description, statistical
methodology and clinical features, was assessed according to PRISMA standards and resulted to
be appropriate.

3.3. Meta-Analysis According to the Complete MHC-DQ2 and/or DQ8 Genotype

In our meta-analysis, we expressed these parameters as positive and negative likelihood ratios (LR+
and LR−, respectively) for CD, according to the presence of the HLA-DQ genotype coding complete
MHC-DQ2 and/or MHC-DQ8 molecules. The pooled estimation of LR+was 1.449 (CI 1.279–1.642),
whereas LR− was 0.187 (0.096–0.362). While this HLA-DQ background is known to provide a low
specificity (Table 1), its presence is actually characterized with very high sensitivity for CD, showing a
good discriminatory power between genetically predisposed CD (not necessarily affected) patients
and those who will not develop CD, as shown in Table 2.

Table 1. Positive likelihood ratio (LR+) of MHC-DQ2 and/or -DQ8 genotype in first-degree relatives
(FDRs) of pediatric celiac disease (CD) patients (Heterogeneity χ2 = 132.54 (d.f. = 13), p < 0.001;
Inconsistency (I-squared) = 90.2%; and estimate of between-study variance (Tau-squared) = 0.0455).

Summary—Positive Likelihood Ratio (Random Effects Model)

Study (Year) Country LR+ 95% Conf. Interval % Weight

Araya et al. (2015) Chile 1.008 0.749–1.357 5.92

Araya et al. (2000) Chile 7.557 4.475–12.762 3.47

Bonamico et al. (2006) Italy 1.779 1.572–2.014 8.20

Cintado et al. (2006) Cuba 1.054 0.809–1.372 6.38

Elakawi et al. (2010) Jordan 1.487 1.061–2.084 5.40

Farre et al. (1999) Spain 1.563 1.317–1.854 7.64

Karinen et al. (2006) Finland 1.008–1.255 8.35

Martins et al. (2010) Brazil 1.691 1.393–2.052 7.35

Megiorni et al. (2009) Italy 1.707 1.590–1.832 8.67

Mishra et al. (2016) India 1.304 1.126–1.511 7.94

Rubio-Tapia et al. (2010) USA 1.413 1.302–1.533 8.59

Singla et al. (2016) India 1.148 1.040–1.268 8.45

Srivastava et al. (2010) India 1.063 0.783–1.443 5.82

Vaquero et al. (2014) Spain 1.530 1.309–1.789 7.83

(REM) pooled LR+ 1.449 1.279–1.642
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Table 2. Negative likelihood ratio (LR−) of MHC-DQ2 and/or -DQ8 genotype in FDRs of pediatric CD
patients (Heterogeneity χ2 = 20.34 (d.f. = 13), p = 0.087; inconsistency (I-squared) = 36.1%; and estimate
of between-study variance (Tau-squared) = 0.4949).

Summary—Negative Likelihood Ratio (Random Effects Model)

Study (Year) Country LR− 95% Conf. Interval % Weight

Araya et al. (2015) Chile 0.933 0.065–13.461 4.86

Araya et al. (2000) Chile 0.081 0.006–1.178 4.86

Bonamico et al. (2006) Italy 0.107 0.028–0.416 11.74

Cintado et al. (2006) Cuba 0.641 0.041–10.017 4.64

Elakawi et al. (2010) Jordan 0.217 0.015–3.170 4.83

Farre et al. (1999) Spain 0.108 0.007–1.636 4.72

Karinen et al. (2006) Finland 0.526 0.265–1.044 18.52

Martins et al. (2010) Brazil 0.158 0.024–1.054 7.99

Megiorni et al. (2009) Italy 0.044 0.006–0.310 7.73

Mishra et al. (2016) India 0.188 0.047–0.757 11.43

Rubio-Tapia et al. (2010) USA 0.042 0.003–0.656 4.61

Singla et al. (2016) India 0.173 0.011–2.730 4.61

Srivastava et al. (2010) India 0.652 0.045–9.460 4.85

Vaquero et al. (2014) Spain 0.043 0.003–0.674 4.60

(REM) pooled LR− 0.187 0.096–0.362

3.4. Meta-Analysis According to the Isolated Presence of HLA-DQB1*02 Allele

DQB1*02 sensitivity was 0.938 (CI 0.891–0.968) and specificity was 0.425 (CI 0.400–0.451). We
meta-analyzed the LR+ and LR− of FDRs according to the presence of the DQB1*02 allele. The pooled
estimate of LR+ was 1.659 (CI 1.302–2.155) (Table 3), whereas LR− showed a good discriminatory
power of 0.195 (CI 0.068–0.558) (Table 4).

Table 3. Positive likelihood ratio (LR+) related to the DQB1*02 allele in FDRs of pediatric CD patients
(Heterogeneity χ2 = 89.02 (d.f. = 6), p < 0.001; inconsistency (I-squared) = 93.3%; and estimate of
between-study variance (Tau-squared) = 0.0906).

Summary—Positive Likelihood Ratio (Random Effects Model)

Study (Year) LR+ 95% Conf. Interval % Weight

Araya et al. (2015) 7.557 4.475–12.762 9.44

Cintado et al. (2006) 1.054 0.809–1.372 14.07

Elakawi et al. (2010) 1.487 1.061–2.084 12.72

Farre et al. (1999) 1.563 1.317–1.854 15.58

Karinen et al. (2006) 1.125 1.008–1.255 16.32

Martins et al. (2010) 1.691 1.393–2.052 15.24

Megiorni et al. (2009) 1.707 1.590–1.832 16.64

(REM) pooled LR+ 1.659 1.302–2.115
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Table 4. Negative likelihood ratio (LR−) related to the DQB1*02 allele in FDRs of pediatric CD patients
(Heterogeneity χ2 = 12.06 (d.f. = 6), p = 0.061; inconsistency (I-squared) = 50.2%; and estimate of
between-study variance (Tau-squared) = 0.9053).

Summary—Negative Likelihood Ratio (Random Effects Model)

Study (year) LR− 95% Conf. Interval % Weight

Araya et al. (2015) 0.081 0.006–1.178 10.43

Cintado et al. (2006) 0.641 0.041–10.017 10.03

Elakawi et al. (2010) 0.217 0.015–3.170 10.38

Farre et al. (1999) 0.108 0.007–1.636 10.18

Karinen et al. (2006) 0.526 0.265–1.044 28.05

Martins et al. (2010) 0.158 0.024–1.054 15.66

Megiorni et al. (2009) 0.044 0.006–0.310 15.26

(REM) pooled LR− 0.195 0.068–0.558

4. Discussion

This meta-analysis confirmed the very high negative predictive value associated with the absence
of the HLA-DQ genotype, coding MHC-DQ2 and/or -DQ8, as regards the risk to developing CD. This
long-established knowledge has been exploited to complete and/or refine the diagnostic work-up
of patients suspected to be affected with CD, but having doubtful histopathological findings or
concomitant diseases that can impair the reliability of the serological screening (e.g., IgA deficiency,
common variable immunodeficiency) [22,34]. More recently, this genetic analysis has been included
in the ESPGHAN guidelines to diagnose CD without performing any duodenal biopsy in children
with consistent symptoms, high-titer of anti-tTG IgA, and EMA positivity [9]. However, beyond these
practical conditions, the poor positive predictive value of being carrier of MHC-DQ2 and/or -DQ8
heterodimers, cannot provide any additional usefulness to the diagnosis of CD, in addition to confirming
the necessary genetic predisposition.

Additionally, in this meta-analysis we separately analyzed the positive and negative predictive
values (expressed as positive and negative LRs, respectively) related to the presence and absence of the
HLA-DQB1*02 allele. Recently, Megiorni et al. reviewed the role of HLA-DQA1 and HLA-DQB1 in the
predisposition to CD. They described a risk gradient whereby patients who are DQ2/DQ8 heterozygous
and DQ2 homozygous showed a very high risk and, to follow, there were patients who were DQ8
homozygous, DQ8 heterozygous, along with DQ2 heterozygous, and, then, people carrying a double
dose of DQB1*02 only [35]. Importantly, these latter patients showed a similar risk of CD as the
previous categories, although they did not carry the complete MHC-DQ2 or MHC-DQ8 heterodimer.

Recently, a previous meta-analysis by our group supported this observation: we showed that a
double dose of HLA-DQB1*02 was associated with the highest risk to develop pediatric CD (OR > 5),
regardless of other HLA-DQ alleles. Moreover, even a single “dose” of HLA-DQB1*02 was associated
with a relatively high risk (OR around 4) for pediatric CD. Basically, our statistical analysis suggested
that children carrying only one HLA-DQB1*02 copy (without any other allele related to MHC-DQ2 or
MHC-DQ8 molecules) have a similar predisposition/risk to become celiac as children expressing the
full MHC-DQ2 and/or MHC-DQ8 molecules [8]. Accordingly, the original research by Megiorni et al.,
including 437 Italian children with CD and 551 controls, described a disease risk of 1:26 for children
being homozygous for HLA-DQB1*02 (despite the absence of the other genes coding for DQ2 or DQ8);
children being double heterozygous DQ2/DQ8, heterozygous DQ2 with double dose HLA-DQB1*02,
and DQ8 heterozygous along with one HLA-DQB1*02 allele, showed a disease risk of 1:7, 1:10, and
1:24, respectively [28]. Therefore, all these studies suggested a major relevance of HLA-DQB1*02
allele in conferring the risk to develop pediatric CD, rather than the expression of the full MHC-DQ2
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and/or -DQ8 heterodimers. Moreover, a risk gradient according to the dose (“single” or “double” copy
of HLA-DQB1*02) has been evidenced.

Through our differential meta-analysis, comparing the presence of the full MHC-DQ2 and/or DQ8
genotypes and the isolated presence of HLA-DQB1*02 allelic variant, we found that the negative LR
(namely the negative predictive value) was basically the same (0.187 vs. 0.195). Unfortunately, we
could not obtain enough data to perform the same statistical analysis considering the HLA-DQB1*03:02
solely, as its frequency in the general population and CD patients is much lower compared to the
HLA-DQB1*02 allele.

However, some molecular studies supported this concept that HLA-DQB1*02 may play a major
role in the interaction between class II MHC molecule and the gliadin-derived peptide to be presented
to T-lymphocytes, in order to trigger all immunological events involved in the pathogenesis of CD [36].
Indeed, the high content of proline and glutamine residues of MHC-DQ2-restricted gliadin epitopes
resulted to be fundamental for the interaction and binding to the class II MHC molecules. One research
showed that some specific DQ2 β chain residues, participating in the formation of the peptide-binding
cleft (particularly Arg-β70 and Lys-β71 of β chain encoded by HLA-DQB1*02), are mainly responsible
for the interaction with several residues of the gliadin epitope and, thus, may be critical to the CD
predisposition [37].

Previously, we showed that 90–95% of CD children seem to carry at least a single copy of
HLA-DQB1*02, regardless of the remaining HLA-DQ genotype [8]. Moreover, we supported this
finding in our monocentric case series, including 269 children with CD, where >97% of all these CD
children possessed at least one copy of HLA-DQB1*02 allele in their individual genotype [38]. Here,
we looked at the HLA-DQ asset in the FDRs of pediatric CD patients and we found that the almost
absolute negative LR was maintained, even when we considered only HLA-DQB1*02 in our analysis.
This comparison suggests that the absence of this allele from the individual HLA-DQ genotype might
rule out any individual predisposition to develop CD, as well as the analysis of the full genotype coding
complete MHC-DQ2/DQ8 heterodimer(s) can do, without any significant decrease in the negative
predictive value for CD.

These observations may contribute to the debate about the potential and cost-effective
implementation of wider or mass-screening strategies for CD in children. Indeed, a low-cost HLA-DQ
analysis, specific for CD predisposition, may allow to select those 30–40% of children who really
deserve the serological screening [39–41].

The qualitative analysis to screen the presence of HLA-DQB1*02 in order to establish the genetic
predisposition in the general population, may be one potential approach, and the complete HLA-DQ
genotyping might be reserved to children with clinical suspicion, if needed [8,10,12]. Of course, further
epidemiological, clinical and genetic researches are required in order to establish if this approach
may be appropriate, feasible and cost-effective. However, other researchers considered a potential
multi-step approach to screen CD, starting from the analysis of the specific genetic predisposition
to CD through low-cost molecular methods. Recently, Verma et al. proposed a rapid HLA-DQ
typing method to identify subjects genetically susceptible to CD. Basically, they performed a PCR
through a kit containing the primers for the HLA-DQ target alleles only, on blood samples from CD
patients, FDRs and controls. They could show an excellent concordance with the results obtained
through conventional high-resolution HLA-DQ typing, in terms of presence or absence of HLA-DQ2
and HLA-DQ8 alleles [11]. The implementation of cost-effective screening strategies may be very
helpful, not only in Western countries (where CD has been widely studied and described), but also
in developing countries, where a number of health system-related barriers have not permitted an
evidence-based approach to the diagnosis of CD, yet [42–44].

Therefore, if our observations will be supported by further and independent studies, those may
represent an additional contribution to reduce the cost of a targeted genetic analysis for CD.
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5. Conclusions

Through a differential meta-analysis, comparing the presence of the genotype coding the full
MHC-DQ2 and/or DQ8 molecules and the isolated presence of HLA-DQB1*02 allelic variant, we found
that the LR− of the latter analysis maintained the same value. This observation, along with the previous
evidences, might be useful to consider potential cost-effective widened screening strategies for CD
in children.
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Abstract: Non-celiac gluten sensitivity (NCGS) is a syndrome characterized by gastrointestinal
and extraintestinal manifestations triggered after gluten ingestion in the absence of celiac disease
and wheat allergy. Because of the lack of biomarkers for NCGS diagnosis, the cornerstone for its
assessment is a single- or double-blind placebo-controlled (DBPC) gluten challenge. However, there
are some non-standardized points in the diagnostic approach proposed by the experts. This complicate
comparisons among the results published by different research groups. The gluten vehicle and placebo
must be indistinguishable from each other, which entails sensory and technological evaluations of
the designed gluten vehicle and placebo products. At the moment, there is no standardized method
for the preparation of the gluten vehicle and placebo for carrying out DBPC gluten challenges for
NCGS assessment. This review focuses on the challenges that researchers have to face, either for the
development of an accepted gluten vehicle and placebo or for identifying NCGS cases on the basis of
DBPC gluten challenges.

Keywords: celiac disease; wheat; gluten; non-celiac gluten-sensitivity; diagnosis

1. Introduction

Wheat is one of the most consumed cereals in western countries [1], but some wheat components
trigger the diseases encompassed under the term gluten-related disorders [2]. These diseases principally
include celiac disease, wheat allergy, and the new clinical entity non-celiac gluten-sensitivity (NCGS) [3,4].
The diagnosis of the first two conditions can be supported by using blood-based diagnostic tests, whereas
there is a lack of reliable biomarkers for the diagnosis of NCGS [4]. Thus, experts of gluten-related
disorders have proposed that single- or double-blind placebo-controlled (DBPC) gluten challenges
should be carried out to establish the diagnosis of NCGS, either for clinical practice (single-blind) or
research purposes (double-blind) [5]. The challenges have to be carried out using cooked gluten, and
the gluten vehicle and placebo must be indistinguishable from each other [5]. However, no study has
proposed a gluten vehicle and placebo that meet the characteristics given by the experts. Consequently,
there is a huge heterogeneity in the characteristics of the gluten vehicles and placebo used for carrying
out DBPC gluten challenges for NCGS assessment [6,7]. This complicates comparisons among studies [8]
and highlights the need of standardized gluten vehicle and placebo accepted by the scientific and
clinical communities. In this narrative review, we present advances on the design of both gluten vehicle
and placebo used for NCGS assessment.

2. DBPC Gluten Challenges

There are some variables that should be taken into account when interpreting the outcomes of
DBPC gluten challenges (Figure 1). The challenge, as stated in The Salerno experts’ criteria, involves
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two stages: (1) assessing the clinical response to a gluten-free diet (GFD) and (2) assessing the effect
of reintroducing gluten after a period of treatment with the GFD [5]. In each stage, the patients use
a self-administered instrument, which is called Gastrointestinal Symptom Rating Scale (GSRS). This
instrument evaluates in a scale from 1 (mild) to 10 (severe) the gastrointestinal and extra-intestinal
manifestations associated with NCGS [5]. In stage 1 (response to a gluten-free diet), a reduction >30%
of the symptomatic baseline score for one to three main symptoms or at least one symptom with no
worsening of the others is needed to pass to the second stage. In stage 2 (DBPC gluten challenge
with crossover), data about the symptoms during the gluten and placebo challenge are collected.
Differences in the scores of the GSRS of at least 30% are required to discriminate a positive response
from a negative result [6]. However, some points in this diagnostic approach have not been carefully
considered by some researchers. As shown in Table 1, the time periods reported for carrying out DBPC
gluten-challenges vary from 1 day to 6 months, although challenges shorter than one week might not
detect fluctuating symptoms [9].

 

Figure 1. Factors that influence non-celiac gluten sensitivity (NCGS) assessment using double-blind
placebo-controlled (DBPC) gluten challenges. CD: celiac disease, WA: wheat allergy.

Regarding the doses of gluten, these vary from 2 g/day to 52 g/day [10,11], and this variation could
impact the symptomatic outcomes. In fact, Zanini et al. [12] estimated an NCGS prevalence rate of 34%
using a vehicle containing 7.9 g of gluten and a 10-day gluten challenge, but others estimated half of
that prevalence using a vehicle containing 4.7 to 5.6 g of gluten in a 7-day gluten challenge [7,8,13].
Besides the dose of gluten utilized for the challenges and the time of gluten exposure, another factor
that deserves attention is the washout period. Some authors have recommended washout periods for
more than one week when carrying out DBPC gluten challenges. This is to ensure specificity and to
prevent fluctuating symptoms [8]. Overall, there is a huge heterogeneity regarding the parameters of
time of gluten exposure, dose of gluten, and washout period utilized for carrying out the DBPC gluten
challenge for NCGS assessment, either in clinical or research settings (Table 1).
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Additionally, researchers and clinicians should take into account the placebo and nocebo effects,
as the manifestations of symptoms during the gluten and placebo challenge may be similar [22]. In fact,
the nocebo effect could be as high as 40% in DBPC studies [8]. On the side of the positive conditioning,
the studies by Dale et al. [20] and by Skodje et al. [19] reported higher manifestations of symptoms
during the placebo challenge (up to 37%) than during the gluten challenge (22%). In this context, it has
been proposed that increasing the ratio placebo challenges/gluten challenges to 2:1 can be an effective
strategy to minimize false-positive cases [23].

According to the Salerno experts, the characteristics of the gluten vehicle and placebo utilized for
carrying out the DBPC gluten challenge should be as follows: “The gluten and placebo preparations must
be undistinguishable in look, texture and taste, and balanced in fibers, carbohydrate, fat and possible
protein” [5]. This implies a big challenge for food science technologists mainly due to the viscoelastic
properties of gluten, which strongly impact on the texture and appearance of gluten-containing
products. In fact, the technological and sensory properties provided by gluten are difficult to mimic in
gluten-free products [24], and no study conducted to rule in or rule out NCGS has reported the use
of a gluten vehicle and placebo that meet the characteristics given by the Salerno experts (Table 2).
Thus, to identify NCGS cases, the design and the widespread use of a gluten vehicle and placebo that
meet the characteristics proposed by the experts or of other gluten vehicle and placebo accepted by
scientists and clinicians seem urgent.

Table 2. Characteristics of the gluten vehicle and placebo proposed by the Salerno experts and the
characteristics proposed by others.

Study Presentation
Gluten ATIs FODMAP Protein Fat HC

GV PV GV PV GV PV GV PV GV PV GV PV

Salerno experts
Catassi et al.,

2015 [5]

It can be a muesli bar,
bread, muffin or may

differ between
children and adults.

8 g/day Free 0.3 g/8 g
gluten Free Free Free Possible

balanced Balanced Balanced

Elli et al., 2016
[7]

Gastrosoluble
capsules 5.6 g/day Free NR NR NR Low-FODMAP NR NR NR

Rosinach et al.,
2016 [18] Sachets 16.2 g/day Free NR NR Free Free Not

balanced
Not

balanced
Not

balanced

Skyje et al.,
2018 [19] Muesli bar 5.7 g/day Free Free Free Free Free Possible

balanced Balanced Balanced

Dale et al., 2018
[20] Muffin 11 g/day Free NR NR Low-FODMAP Low-FODMAP Possible

balanced Balanced Balanced

Francavilla et
al., 2018 [21] Sachets 10 g/day Free 0.4g Free Free Free Possible

balanced Balanced Balanced

Acronyms used: GV: gluten vehicle, PV: placebo vehicle, ATIs: amylase and trypsin inhibitors, FODMAP:
fermentable oligo-, di-, monosaccharides, and polyols, HC: Carbohydrates, NR: not reported.

3. Current State of NCGS

NCGS is defined as “a syndrome characterized by intestinal and extra-intestinal symptoms related
to the ingestion of gluten-containing food, in subjects that are not affected by either celiac disease or
wheat allergy” [5]. Although the real prevalence of NCGS remains unknown, current data suggest
that it ranges from 0.6% to 6% in the general population [25–29]. One of the major challenges in the
diagnosis of NCGS is the identification of the components that trigger the manifestations reported [9,30].
This is an area that remains poorly understood and has been the object of extensive research. Certainly,
there are different components that may cause adverse reactions in NCGS patients, such as gluten,
FODMAPs (fermentable oligo-, di-, monosaccharides, and polyols) and ATIs (amylase and trypsin
inhibitors) [31]. According to some authors, NCGS individuals are sensitive to one or another, if not
all, of these wheat components [32,33]. Furthermore, there is a huge spectrum of both gastrointestinal
and extraintestinal manifestations [34]. In line with this, it is suggested that the pathogenesis of NCGS
should be drawn taking into account the collective effect of the wheat components [35]. In this case,
the gluten vehicle and placebo utilized for carrying out DBPC gluten challenges for identifying NCGS
cases should include standardized amounts of the main suspected triggers of the condition.
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4. Characteristics of the Gluten Vehicle and Placebo for Carrying out DBPC Gluten Challenges

According to experts, the gluten vehicle for carrying out DBPC gluten challenges should contain
cooked and homogeneously distributed gluten (8 g per dose) and the pro-inflammatory factor ATIs
(0.3 g/8 g of gluten) and be FODMAPs-free [5]. The use of gelatin capsules is discouraged, and this has
motivated the search for the best-suited gluten vehicle. However, changes in the content of gluten,
ATIs, and FODMAPs modify the food matrix structure altering the sensory characteristics of the food.
From a commercial point of view, the more similar the gluten-free product is to its gluten-containing
counterpart the better it is, but for the purpose of a gluten vehicle and placebo indistinguishable from
each other for carrying out DBPC gluten challenges, this is not the rule. The development of a gluten
vehicle could start from a gluten-free base formulation, trying to preserve the characteristics when
gluten is added. To exclude variations of some of the sensory characteristics, drying and milling of
the gluten vehicle and placebo until a flour-like material is obtained could be helpful [36]. Certainly,
the challenge for developing an appropriate vehicle for gluten administration and its respective placebo
is to maintain them indistinguishable from each other, while keeping the placebo in gluten-, ATIs-, and
FODMAPs-free conditions.

4.1. Sensory and Technological Characteristics Given by Gluten to Baked Food Products

Gluten represents 80–85% of the total protein from wheat [37] and includes two main subgroups
of proteins: gliadin (alcohol-soluble fraction) and glutenins (weak acid-soluble fraction) [38]. These
two proteins are responsible for many technological properties of baked food products. For instance,
hydrated gliadins contribute mainly to the viscosity and extensibility of the dough, and hydrated
glutenins confer cohesive and elastic properties, which are responsible for dough strength and
elasticity [39]. Furthermore, interactions between both gliadins and glutenins increase dough viscosity
and, at the same time, decrease the high level of elasticity conferred by glutenins. This balance between
gliadins and glutenins are determinant for dough rheology [40] and, consequently, some additives are
used in the preparation of most gluten-free baked goods to mimic the technological characteristics
given by gluten. Thus, as shown in Table 1, some authors evaluate the sensory and/or technological
characteristics of a designed gluten-free product and compare it with the same product without
gluten additives instead of comparing it with the gluten-containing product, which is the one being
surrogated. Others have reported sensory evaluations of both gluten vehicle and placebo to ensure
that they were indistinguishable from each other (Table 1). However, the specific formulations and
methods of preparation have not been reported, making it difficult to replicate the results obtained by
different research groups.

4.2. Sensory and Technological Characteristics Given by FODMAPs to Baked Food Products

FODMAPs are a group of components encompassing oligosaccharides (fructo-oligosaccharides),
disaccharides (lactose), monosaccharides (fructose), and polyols (sorbitol, mannitol, maltitol, xylitol,
polydextrose, and isomalt). The consumption of FODMAPs may trigger adverse reactions in susceptible
individuals [41]. The mechanisms underlying the symptoms triggered by FODMAPs can be categorized
as follows: (1) poor absorption of fructose, polyols, and lactose in the small intestine, (2) activation of
an osmotic effect due to the small size of FODMAPs and stimulation of mechanoreceptors that increase
luminal water content, and (3) a high rate of FODMAPs fermentation by bacteria [42,43]. Certainly,
FODMAPs are part of the suspected dietary components that can trigger the gastrointestinal symptoms
seen in NCGS cases [10]. Therefore, the Salerno experts’ criteria established that the vehicles used for
carrying out DBPC gluten challenges have to be FODMAPs-free, but just a few studies have reported
the use of a FODMAPs-free placebo (Table 1). Understanding the role of FODMAPs in the food matrix
of baked food products is important for designing a gluten vehicle and placebo with potential to be
indistinguishable from each other.
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The disaccharide sucrose (glucose plus fructose) can interact with other food ingredients and
modify the sensory and physical properties of food products, such as sweetness, flavor, color
formation, and texture [44]. Because sucrose provides more sweetness than other mono- and
di-saccharides, such as maltose and glucose, its presence can increase the sweet flavor in many
cereal-based products [45]. Furthermore, sucrose is important for the aeration of baked products,
a process that increases the volumetric aeration rate and decreases the bubble size [46]. On the other
hand, oligosaccharides (saccharides containing 3–10 sugar moieties) confer low-intensity sweetness to
foods [47] but provide increased viscosity, improving the body and mouthfeel of food products [48].
In addition, oligosaccharides and other sugars are important for browning intensity throughout
Maillard reactions and provide a high moisture-retaining capacity, preventing excessive drying [48].
For the purposes of DBPC gluten challenges for NCGS assessment, both gluten vehicle and placebo
have to be FODMAPs-free. Thus, the technological and sensory characteristics given by FODMAPs to
baked foods would not be of relevance in the design of a gluten vehicle and placebo, but researchers
should take into account that the absence of both FODMAPs and gluten in a food matrix makes more
feasible the design of a gluten vehicle and a placebo different from a bakery product.

4.3. Sensory and Technological Characteristics Given by ATIs to Baked Food Products

ATIs are a group of low-molecular-weight proteins (~15 kDa) that have amylase and trypsin
inhibitory properties and represent ~4% of the total protein content in wheat flour [33,49]. They have
been proposed as the potential triggers of the manifestations seen in NCGS cases [50]. ATIs from wheat,
rye, and barley, but not from other plant species, can activate the innate immune system throughout
their interaction with toll-like receptor 4, giving rise to TLR4-MD2-CD14 complexes and promoting the
release of proinflammatory cytokines by myeloid cells [51,52]. Amylases are used mainly in fermented
bakery products. These enzymes degrade the flour starch into dextrins allowing dough fermentation
by yeasts. This process improves the volume of fermented breads and crumb texture [53]. Furthermore,
amylases catalysis increases the content of fermentable and reducing sugars in flour, promoting the
formation of Maillard reactions, which intensify bread flavor and crust color [54]. Regarding trypsin,
it reduces the mixing time of flour dough and improves some sensory properties of bakery products,
such as texture, flavor, and crust color of a bread loaf [55,56]. Thus, the sensory and technological
characteristics given by ATIs to baked foods other than fermented bread seems not to be as relevant
as those given by gluten and FODMAPs. However, it remains to be evaluated in detail whether the
presence or absence of 0.3 g of ATIs/8 g of gluten involves significant changes of the technological and
sensory characteristics of baked food products.

5. Perspectives

Although anti-gliadin IgG [57,58] and anti-nucleus antibodies seem to be associated with
NCGS [58,59], there is still a lack of highly sensitive and specific serological biomarkers for NCGS,
and the most accepted diagnostic algorithm for this clinical entity includes DBPC gluten challenges as
the cornerstone. There are some non-standardized points in such an approach, which complicate fair
comparisons among studies focused on the identification of NCGS. The most notable of these points is
the lack of a gluten vehicle and a placebo that meet the characteristics given by the Salerno experts.
The gluten vehicle and placebo must be indistinguishable from each other. In this context, sensory
evaluations can be considered mandatory if the research purpose is the design of a gluten vehicle
and a placebo for carrying out DBPC gluten challenges for NCGS assessment. Furthermore, the full
recipe and method of preparation of the gluten vehicle and placebo should be clearly stated in order to
promote the replication of the results and the acceptance of the proposed methodology by the scientific
and clinical communities.

Biomarkers at intestinal level have been proposed to aid in the diagnosis of NCGS. On one
hand, histological evaluations suggest that eosinophils (increased number) could be an intestinal
biomarker for NCGS [60,61], while others have proposed the evaluation of mast cells, T helper, and
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intraepithelial lymphocytes [62]. On the other hand, expression analyses of immune molecules such as
tissue transglutaminase 2, interferon gamma, toll-like receptor 2, and myeloid differentiation factor 88
are less promising as a diagnostic tool [63], although these analyses are of relevance to elucidate the
pathogenic mechanisms that underlie NCGS [64]. The main limitation of these tests is that they include
an invasive procedure. The tests are reliable in patients on a gluten-containing diet, but standardized
gluten challenges should be carried out for patients already following a gluten-free diet. For instance,
a three-day gluten challenge with cooked and homogeneously distributed gluten can trigger T cell
immunity to gluten without causing significant architectural disruption to the small intestinal mucosa
in celiac disease cases, but they do not trigger T cell immunity to gluten in NCGS individuals [65,66].
Because of the invasive nature of intestinal biomarkers evaluation, biopsy-proven NCGS assessment
should only be considered in well-established symptomatic cases of gluten intake. These cases should
be identified on the basis of DBPC gluten challenges, carried out using a gluten vehicle and a placebo
indistinguishable from each other. As mentioned before, such gluten vehicle and placebo are still
to be developed, but we believe that the conditions exist for a close collaboration between cereal
technologists and clinical researchers for developing accepted gluten vehicle and placebo for NCGS
diagnosis purposes.
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Abstract: The current prevalence of pediatric Celiac Disease (CD) is estimated to be around 1% in the
general population, worldwide. However, according to the geographic area, a great variability of
CD prevalence has been described. Whereas a number of studies are available from Europe, North
and South America, Australia, South-West Asia, and North Africa, the knowledge and awareness of
CD in large parts of the remaining world areas is definitively poor. In several countries of Central
and East Asia, the consumption of wheat is consistent and/or has significantly increased in recent
decades, and CD is supposed to be underdiagnosed in children. In this mini-review, we aimed to
summarize the current knowledge about the prevalence of pediatric CD in Central and East Asia,
paying attention to the HLA-DQ immunogenetic background as well. Indeed, CD is likely not to be
as uncommon as previously or currently thought in countries like Russia, Kazakhstan, and China, in
addition to India, where pediatric CD has been clearly showed to be quite prevalent. Therefore, there
is an urgent need for population-based studies on the prevalence of CD in those countries, especially
in children, in order to increase the awareness of this disease and to improve the diagnostic strategy
in these areas.

Keywords: celiac disease; children; HLA-DQ; prevalence; Asia

1. Introduction

Celiac disease (CD) is a multifactorial immune-mediated disorder, triggered by the ingestion of
gluten and other gluten-related proteins in genetically predisposed subjects. HLA-DQ alleles, coding
α and β chains of MHC-DQ2 and -DQ8 heterodimers, have been shown to be a necessary—but not
sufficient—immunogenetic background for the development of CD. Moreover, gluten is the required
environmental exposure to develop CD in genetically predisposed individuals, probably in addition to
other variable constitutional and/or acquired factors [1–3].

CD is a systemic disease, as the clinical manifestations are not limited to the intestinal tract: indeed,
it is estimated that a significant portion of CD cases are currently undiagnosed, and its great clinical
heterogeneity with ‘atypical’ and variable extra-intestinal manifestations is undoubtedly a major
contributing factor [4,5]. However, the growing awareness about CD among patients and physicians
has drawn specific attention on this diagnosis and even prompted a great debate on widened screening
strategies in Western countries. Because of this, the actual and estimated prevalence rates of CD have
increased significantly in the last few decades [6,7]. Even in some countries where CD was considered
to be nonexistent or negligible until recent years, this disease has been found to be quite frequent and,
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in some populations, recent immunogenetic analyses and epidemiological data suggested that CD
prevalence and risk may be comparable to Europe and North America [8].

Despite a wide variation in prevalence according to the geographic area, pediatric CD is currently
considered to affect almost 1% of the general population worldwide. Indeed, CD is frequent in Europe,
North and South America, Australia, South-West Asia, and North Africa, where more than 30% of the
population carry the DQ2 haplotype and high consumption of wheat is present. In contrast, CD is
extremely rare in Far East Asia and in sub-Saharan Africa, where wheat and other gluten cereals are
not staple foods [9].

As mentioned above, during the last few years several studies have also suggested CD to be
common in South West Asia. Population screening studies have been carried out in Iran, Turkey and
Israel, where the prevalence figured comparable to Europe [10,11]. However, in most other parts of
Asia, data on CD prevalence are scarce or even totally absent. As the consumption of wheat is actually
consistent in several of these areas [12], a high number of unrecognized CD cases may actually exist,
and be undiagnosed because of poor awareness of this disease.

In this mini-review, we aim to summarize the current knowledge about pediatric CD in
Central and East Asia, where very few studies and research are currently available through the
Medline/Pubmed database, except for the Indian subcontinent. The specific Asian areas that have
been discussed in each section of this review are graphically represented in Figure 1. This article
organization by geographical macro-areas will help readers to understand and appreciate the wide
differences in the knowledge of pediatric CD epidemiology and disease awareness among countries of
non-Western Asia, where many more studies on this topic have been carried out so far.

Figure 1. Overview of the geographical macro-areas of Central and East Asia, as discussed in each
section of the review.

2. Far East Asia

In Japan, the overall prevalence of the HLA-DQ2 and -DQ8 immunotypes has been reported to be
quite low, according to a study including 371 unrelated healthy apheresis blood donors assessed by
high-resolution HLA typing. In detail, whereas the allele frequency of the HLA-DQB1*02 allele was
0.3%, the frequency of DQB1*03:02 allele was actually 10.8% [13].

In addition to such a low prevalence of HLA-DQ genotypes leading to susceptibility for CD, the
dietary intake of wheat in Japan is still one-third of what is observed in Western countries, although the
consumption of these products has been increasing in last few years [14]. However, a very recent study
by Fukunaga et al. confirmed that CD is still of low prevalence in the Japanese population, as this
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diagnosis was confirmed in only 0.05% of 2008 asymptomatic people having their annual check-up [15].
Unfortunately, no study is currently available about CD prevalence in Japanese children.

As for China, CD is not so rare as previously thought. Recently, Kou et al. found a prevalence
of 2.85% in 246 adult patients referred for irritable bowel syndrome [16]. In this same clinical setting,
another study from South China observed a 1.01% prevalence; interestingly, CD was diagnosed in
0.28% of the controls [17]. However, the meta-analysis by Juan et al. is the best source of genetic
data about CD predisposition in China so far. According to this paper, published in 2013, the pooled
frequencies of the DQA1*05-DQB1*02 (MHC-DQ2 genotype) and DQA1*03-DQB1*03:02 (MHC-DQ8
genotype) alleles were 3.40% and 2.10%, respectively. However, the frequency of the DQB1* 02:01
allele was as much as 10.5% overall; importantly, among all Chinese regions where the pooled data
came from, significant variations were observed (from 22.04% in Xinjiang Uygur region to 2.8% in
Yunnan province). Basically, this allele was more common in northern China than in the southern
Chinese populations [18]. More recently, the same group reported positivity for CD serum markers in
2.19% of almost 20,000 Chinese adolescents and young students (16–25 years), who underwent routine
physical examinations in two universities. However, most of them tested positive for anti-DGP IgG,
whereas only 0.36% were positive for anti-tTG IgA; moreover, no information was provided about
the histopathological findings of duodenal biopsy, if performed [19]. There are some other studies
from China reporting anti-tTG IgA serology in Chinese patients affected with diabetes mellitus type I
(DMT1) and autoimmune thyroid diseases, who were positive in 22% of cases, globally [20]. However,
other than that, the only available study on pediatric CD in China described 14 patients diagnosed
with CD after screening 118 children affected with chronic diarrhea. Here, CD was found in 11.9% of
the study cohort and all children (1–12 years) underwent duodenal mucosal biopsy, after the detection
of anti-tTG IgA (n = 14) and EMA (n = 9) positivity [21].

Unfortunately, no informative articles were retrieved from Korean peninsula and Mongolia about
pediatric CD.

3. India

In 2002, Kaur et al. provided the first study assessing the HLA background in pediatric CD
patients from India. They investigated 117 children with gastrointestinal (e.g., chronic diarrhea,
abdominal pain) and extra-gastrointestinal (short stature, iron-deficient anemia, failure to thrive,
etc.) manifestations who received a diagnosis of CD by intestinal biopsy: importantly, almost 100%
association with DQB1*02:01 in these Indian pediatric CD patients was reported [22]. In general,
according to the study by Ramakrishna et al., the prevalence of genes determining MHC-DQ2 and/or
-DQ8 expression in the Indian population was around 35%; moreover, the disease prevalence was
estimated to be around 1%. CD diagnosis was more frequent in the northern part of India, where the
mean daily wheat intake is the highest [11].

Interestingly, an American study of nearly 500,000 duodenal biopsy samples (from all over the
USA) showed that the ethnic group from the Punjab area (northern India) had the greatest prevalence of
villous atrophy among all the ethnicities living in the country (3.08% vs. 1.80% for other Americans) [23].
Accordingly, in a cross sectional study involving urban and rural populations (n = 10,488) in the
northern part of India, the overall serological prevalence of CD was 1.44%, and the overall prevalence
of CD was 1.04% [24]. Moreover, Agrawal et al. provided detailed HLA immunogenetic data from 1336
unrelated healthy people from northern and northeastern India. As regards MHC-DQ2 and MHC-DQ8
alleles, these authors provided the following frequencies (highest–lowest), variable according to
the region: DQA1*05:01 (11.20–16.70%), DQB1*02:01 (17.40–26.50%), DQA1*03:01 (9.50–24.10%) and
DQB1*03:02 (0–5.48%) [25].

As regards the pediatric population in India, despite these findings, Sood et al. reported 0.3–0.4%
CD prevalence in Punjab children and adolescents (3–17 years). However, this prevalence may have
been under-estimated, as only selected groups of children were screened, based upon a structured
questionnaire; thus, only these patients received a full medical assessment, including CD serology.
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At that time, this publication was the first large-scale study on pediatric CD (including 4347 children
undergone serologic screening): it demonstrated that pediatric CD in India was more common than
previously appreciated, especially in wheat-eating parts of India [26]. Conversely, Batthacharya et al.
reported around 1% CD prevalence in 400 consecutive children (1–12 years) undergoing venipuncture
for any reason, who were referred to the general pediatric department of a tertiary care hospital of
Northern India [27]. Moreover, Srivastava et al. showed that the prevalence of CD diagnosed in the
first-degree relatives (FDRs) of CD children from Northern India was 4.4%, 14 times higher than in
the general population [28]. In particular, as concerns the pediatric FDRs of children diagnosed with
CD, Singla et al. reported 9-fold higher CD prevalence than in the general pediatric population, with
peaks in symptomatic FDRs affected with anemia and short stature [29]. Previously, Gautam et al.
had investigated 63 siblings (2–15 years) of 48 CD children, and 22% were shown to have CD as well.
Importantly, two third of them did not report any gastrointestinal symptoms suggestive of CD [30].

On the contrary, in Southern India CD is less frequent, which has been related to the effect of
both genetic and environmental factors. Indeed, Yachha et al. highlighted that the frequency of
celiac HLA-DQ predisposing alleles was much higher in Northern India (31.9%) than in Southern
India (9–12.8%), where this genetic difference is coupled with a different staple diet based upon rice
dishes [31].

4. South-East Asia

In most countries of South-East Asia, the frequency of HLA-DQB1*02 is estimated to be between
5–20% [14].

In Vietnam, CD is considered a very rare disease, although the frequency of MHC-DQ2/DQ8
alleles is not particularly low. The scarce exposure to gluten is supposed to be responsible for this
epidemiological situation. Zanella et al. investigated the celiac autoimmunity in 1961 Vietnamese
children having blood drawn for any reason. Around 1% of these children (median age: 5.3 years)
were positive for anti-tTG IgA; however, among them, only 33% resulted to be carriers of any
MHC-DQ2/DQ8 alleles, and no duodenal histopathological data were provided in this study [32].

In Thailand, Thammarakcharoen et al. assessed the frequency of HLA-DQB1*02 and DQB1*03:02
alleles, in addition to anti-tTG serology, in children with DMT1. HLA-DQB1*02 and HLA-DQB1*03:02
allele frequencies were 27% and 14% in DMT1 patients and normal controls, respectively. Only one
patient was positive for anti-tTG IgA, and he was asymptomatic [33]. Therefore, the prevalence of CD
screening positivity seems to be currently negligible in Thai children.

No pediatric studies were retrieved from Malaysia. However, Yap et al. reported unexpectedly
high seroprevalence of CD autoantibodies (1.25%) in healthy young adults from the Malaysian
population. Importantly, Malaysia has a multiracial population consisting of three major ethnic groups
(Malay, Chinese, and Indian), which may affect the genetic predisposition to CD. Unfortunately, HLA
haplotyping was not performed in this study and intestinal histological data were not provided [34].

Finally, no relevant studies about pediatric CD were retrieved from other countries of South-East
Asia (Laos, Myanmar, Bangladesh, Singapore, Indonesia, Philippines).

5. Central Asia

Clinical data about the prevalence of CD in the countries of Central Asia (Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan) from English-language medical literature
are extremely scarce.

However, a paper by Savvateeva et al. first provided an overview on CD in Russia and,
interestingly, also cited some references of studies coming from the surrounding republics of Central
Asia [35]. Therefore, some more information about CD in Central Asia could be obtained from
Russian-language medical sources. Importantly, as for Russia specifically, most studies considered
in the aforementioned article included children and, according to these authors, the estimation of
pediatric CD prevalence in this country has increased from about 0.02% to 0.3% during the first decade
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of 2000s. Moreover, in children with consistent clinical manifestations and/or specific risk factors
(e.g., autoimmune diseases, Down syndrome, etc.), CD prevalence proved to be comparable to Europe
(0.94% to 15.98%, according to the specific clinical setting). Additionally, Savvateeva et al. reported
data on the polymorphic variants of HLA-DQA1 and -DQB1 genes in CD patients from the cities
of Tomsk and Krasnodar (which are located in Russia, north and west of Kazakhstan respectively)
and from Yakutia (Eastern Russia). These studies (all published in Russian) suggested that the allelic
frequencies of CD-related HLA-DQ genes in those populations may be comparable to those observed
in Europe [35].

We traced back some of the primary sources describing those data, which were published in
Russian-written journals. The study by Kurtanov et al. examined 37 children (1–18 years) affected
with gastrointestinal symptoms; here, an interesting finding was a relative abundance of CD patients
carrying the MHC-DQ8 genotype, which was found in > 30% of Yakuts patients [36]. Tlif et al.
authored a study from Krasnodar which included 110 children with DMT1 and 654 controls, whereby
the respective frequencies of CD predisposing HLA-DQ alleles were as follows: DQA1*05:01 (28.6%
and 29%), DQB1*02:01 (33.6% and 19.5%), DQA1*03:01 (38.2% and 12.2%), and DQB1*03:02 (31.6%
and 8.3%). Among these DMT1 patients, 32 children were diagnosed with CD and they showed
the following genotype distribution: DQA1*05:01 (40.6%), DQB1*0201 (35.9%), DQA1* 03:01 (9.4%),
and DQB1*03:02 (7.8%). Therefore, this study showed a relative proportion between MHC-DQ2 and
MHC-DQ8 alleles that seems to follow the same trend described in Europe [37].

The only study from Kazakhstan (again, cited by Savvateeva et al.) was authored in Russian
language by Sharipova: this author described patients from the Almaty region, which is located in
the southern part of the country. Starting from 17,800 pediatric patients registered in two clinics
of the city, this author considered 6,380 children who displayed gastrointestinal symptoms and/or
malnutrition, or had autoimmune diseases (such as thyroiditis and DMT1) or a sibling affected with
CD. Among them, the author selected a group of 1,220 children as ‘at risk for CD’ based on the clinical
examination; however, no precise inclusion criteria were described. One out of three children were
then randomly chosen to undergo assessment of antigliadin antibodies (AGA) IgG and IgA titers,
meaning that around 400 children received this screening. Finally, 86 children were positive to AGA
IgA and/or IgG, and 74 of them (aged 3–15 years) were reported as affected with CD according to
their histopathological results (however, once again, no detailed description was provided). Based on
this study, the CD detection rate was 1 case in every 18 screened children, which allowed this author to
estimate a CD prevalence of 1:262 children in Kazakhstan [38]. It is evident that such an experimental
approach had several limitations, as selection and analysis bias may have been introduced in this
numerical estimation, in addition to the poorly sensitive and specific screening protocol. Indeed, very
recently Verma et al. confirmed that almost 40% of anti-tTG IgA positive celiac children are missed
when using a screening approach based on AGA IgA only [39].

Moreover, this study from Kazakhstan also reported the genetic analysis of MHC-DQ2 and
MHC-DQ8 related alleles: these results were not displayed in detail, but it is very interesting to
notice that the frequency of these susceptibility alleles in CD children was apparently approximately
60% only [38]. Actually, this finding might raise some further concerns about the diagnosis of CD,
considering the very high, almost absolute, negative predictive value associated with the complete
absence of any of the alleles coding α and β chains of MHC-DQ2 and -DQ8 heterodimers [3]. However,
even CD children included in the available studies from Central and Eastern Russia were shown to
carry these alleles with a significantly lower frequency than expected, namely around 80% [35].

As regards other countries of Central Asia, even the research in the Russian literature was scant.
However, Abduzhabarova et al. published an article in English providing some data about the HLA
immunogenetic profile in 54 Uzbek children (aged 1–14 years) diagnosed with CD. Although it was
not possible to retrieve the raw data, 36 CD children (around 70%) were shown to carry MHC-DQ2
alleles, but data related MHC-DQ8 alleles were not available. However, an interesting point is that
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around 36% of their 109 healthy control children were carriers of MHC-DQ2 alleles, which is consistent
with prevalence data observed in the European general population [40].

6. Conclusions

Except for Indian children, epidemiological studies and clinical research about pediatric CD from
Central and East Asia are lacking or poor. However, there is initial evidence that the MHC-DQ2 and
MHC-DQ8 immunogenetic background is not so unusual in several populations from these areas
as previously or commonly thought. Indeed, in South-East Asia the frequency of HLA-DQB1*02 is
estimated to be comprised between 5–20%, and in Central Asia the prevalence of HLA-DQ alleles
predisposing to CD may be even higher. As concerns the disease occurrence, the exposure to the
environmental trigger, namely gluten, currently makes the difference among different countries in
Asia. Whereas in Vietnam and Thailand the CD prevalence is still negligible because of the rice-based
dietary regimen, in Russia and in the Republics of Central Asia the occurrence of CD seems to be
growing, given the large consumption of wheat. Indeed, the wheat consumption per person per year is
estimated to be lower than 25–50 kg in most regions of South-East Asia, whereas it does exceed 150 kg
in Kazakhstan, Uzbekistan, Tajikistan, Kyrgyzstan, and Turkmenistan [12].

However, such a CD epidemiological burden has not been clearly evidenced yet, probably because
the disease is actively sought only in the presence of (severe) gastrointestinal manifestations, and
the access to CD diagnostic procedures is still limited for several reasons. Therefore, it is essential to
implement cost-effective diagnostic protocols that can allow the rest of the ‘celiac iceberg’ to emerge,
considering the potential and persistent health consequences related to the under-diagnosis of CD
in children. Indeed, this under-diagnosis may also represent an important issue of public health,
especially in those countries where the birth rate is significantly higher and the population is relatively
younger than in Western countries.

In conclusion, it is likely that CD is not so uncommon, even in several Asian countries other than
India and Western Asia. Therefore, there is urgent need for population-based studies on the prevalence
of CD in these countries, especially in Russia and Central Asia, in order to increase the awareness of
this disease and to improve the diagnostic strategy.
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