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General introduction and outline of the thesis

GENERAL INTRODUCTION

Celiac disease (CD) is a chronic immune-mediated systemic disorder elicited by the 
ingestion of gluten containing cereals (among others wheat, rye and barley) from the 
normal diet in genetically susceptible individuals. CD is characterised by a variable 
combination of gluten-dependent clinical manifestations, CD specific antibodies, HLA-
DQ2 or HLA-DQ8 haplotypes and enteropathy (1). CD may present with a large variety of 
nonspecific signs and symptoms. It is important to diagnose CD not only in children with 
obvious gastrointestinal symptoms but also in children with a less clear clinical picture 
(or without complaints) because the disease may have negative health consequences. 
However, one of the greatest challenges in childhood is to diagnose the disease timely 
and to manage it adequately.

Epidemiology
The genotypes HLA-DQ2 or HLA-DQ8 coded by chromosome 6, present in 40% of the 
general population, is necessary but not sufficient for CD to develop. The prevalence of 
CD has doubled in the past 50 years and currently affects about 1% of the world’s popu-
lation (2-7). Despite the increasing prevalence of CD, the rate of diagnosis has increased 
more slowly. The prevalence of undiagnosed CD remains substantial (5, 8-10). Because 
of the multitude of symptoms associated with CD, it is difficult to diagnose promptly and 
accurately. In addition, the clinical manifestation of CD has changed dramatically in the 
last decades from symptoms of malabsorption in childhood to milder manifestations 
or may even have no gastro-intestinal problems at all. Extra intestinal manifestations 
are more often presented at the time of diagnosis. Patients with atypical or nonspecific 
symptoms often report a delay in diagnosis of CD that may last for years (11) or even 
worse, CD remains unrecognized and, therefore, untreated (12-14). Untreated disease 
is associated with inflammation within the small intestine and villous atrophy leading 
to malabsorption, chronic anaemia, delayed puberty, neuropsychiatric disturbances, 
associated autoimmune disorders, infertility, small-for-date-births, osteoporosis and, 
rarely, malignancy and it can reduce the quality of life (QoL) (1, 15, 16).

Diagnosis
CD is characterized by the production of autoantibodies among others against trans-
glutaminase type 2 (TG2A) and endomysium (EMA), during a period of gluten ingestion. 
Serological testing identifies most CD patients using CD-specific and -sensitive antibod-
ies (17). Due to good accuracy of the serology-tests, ESPGHAN published in 2012 new 
guidelines for the diagnosis of CD in children and adolescents, including the novel so-
called “non-biopsy approach” for selected cases (1).
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However, TG2A measurement requires specialized laboratories, and the results are not 
immediately available. The call for point-of-care (POC) testing, defined as performing a 
diagnostic procedure outside the laboratory, has resulted in the commercial availability 
of several POC tests for TG2A. These tests obviate the need for purified or recombinant 
transglutaminase type 2 (TG2) or for serum separation because TG2 is also found in red 
blood cells (RBCs). Therefore, the patient’s own TG2 can be used in TG2A detection by 
haemolysing a whole blood sample and liberating the self-TG2 from the RBCs. Tests can 
be performed at home or at the doctor’s office and results become available within 10 
minutes, which may save costs and prove to be more convenient for the patients. Several 
studies have investigated the accuracy of POC tests based on TG2A for CD screening, and 
sensitivities and specificities similar to those of determination of TG2A in serum were 
reported (70.1- 97% and 76-100% respectively) (18, 19).

Treatment
The only treatment available for CD is adhering to a gluten-free diet (GFD). Adherence 
to a GFD is widely accepted to be challenging; it can be influenced by many factors 
including, reduced QoL, symptoms on ingestion of gluten, knowledge of gluten free 
foods, understanding of food labels, cost and availability of gluten free foods including 
receiving GF foods on prescription, and membership of a celiac society. Adherence to a 
GFD ranges between 25-50% among children and adolescents with CD (20-22).

Treatment with a GFD restores small bowel histology, reduces the burden of morbidity 
and mortality associated with untreated CD and prevents complications on the long-
term. Noncompliance can be intentional, but accidental gluten ingestion also happens 
because of contamination of non-toxic cereals such as oats or corn due to co-culture or 
spilling during food-processing either in factories or at home or during transport.

Follow up
General recommendations for follow up of CD patients differ substantially between 
countries and even regionally within countries applying the same healthcare system. 
Evidence on the frequency, who and what should be assessed during follow up is lack-
ing. Clinical follow-up of children and adolescents with CD is necessary to assess the 
evolution of their symptoms as well as their growth and development and to monitor 
dietary compliance to the treatment with a GFD. Determination of TG2A, which usually 
disappear approximately 12 months after starting a GFD, is also performed during the 
follow up (23-26). The determinations are widely used during follow-up as a proxy for 
mucosal healing in CD children (27), but the results do not correlate well with diet com-
pliance (22, 28, 29).
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Despite the absence of a gold standard to assess dietary compliance, a dietary evalu-
ation by a trained dietician is considered the best method, but this is time-consuming 
and requires expert personnel which is not always available. Short dietary question-
naires and TG2A determinations in serum fail to detect dietary transgressions in children 
and adolescents with CD, showing poor sensitivity to identify all patients who consume 
gluten (22, 30, 31). To assess the dietary compliance in children and adolescents with 
CD a dietary questionnaire has been developed and validated (22). Other methods, as 
measurement of gliadin immunogenic peptides (GIP) in urine and/or in faeces have 
been introduced to detect contaminating gluten into the GFD, but they are not used in 
the standard clinical care (32-34).

Traditional medical care for celiac patients consists of regular physician visits. The 
limited time allotted for outpatient follow-up also typically restricts comprehensive 
assessment of a patient’s health-related quality of life (HRQoL) and dietary adherence 
(35). Self-management has shown beneficial effects on the healthcare of other chronic 
diseases. E-health can play an important role in supporting patients in their self-man-
agement, as internet and technology can reach users easily and rapidly, with a wide 
range of contents and attractive formats. E-health is defined as healthcare services and 
information delivered or enhanced electronically via the internet and related technolo-
gies. Work from our research group shows that online consultations for children and 
young adults with CD are cost saving, increase CD-specific QoL, and are satisfactory for 
the majority.

Prevention
Prevention is defined as any activity that reduces the burden of mortality or morbidity 
from disease, taking place at the primary (avoiding disease development), secondary 
(early detection and treatment) or tertiary level (avoiding complications by improved 
treatment) (36). The development of CD requires genetic susceptibility, present in 40% 
of the general population. However, only a minority of individuals genetically at risk 
of CD, 1%, develop the disease. So, environmental and/or lifestyle factors may play a 
causal role in the development of CD. Primary prevention strategies are not (yet) pos-
sible. Data from prospective studies of large cohorts evaluated the effect of the timing of 
gluten introduction on the risk of CD in at-risk children. Results have shown that neither 
the timing of gluten introduction nor the duration or maintenance of breastfeeding 
influence the risk of CD. Secondary prevention is possible through early diagnosis. Most 
international guidelines already recommend testing for CD in high-risk groups, such as 
first-degree relatives of CD patients (CD families) and patients with other autoimmune 
diseases. Case-finding and mass screening are still controversial because of the ethical 
implications. Active case finding refers to liberal diagnostic testing of patients with CD-
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associated symptoms, while mass-screening refers to test the whole population for CD. 
However, since the clinical presentation of CD has changed dramatically in the last de-
cades, patients with atypical or nonspecific symptoms often report a delay in diagnosis 
of CD that may last for years (11) or even worse, CD remains unrecognized and, therefore, 
untreated (12-14). Nowadays, regular follow up to ensure strict adherence to a GFD, is 
the only available, effective tertiary prevention option. Given that the GFD poses a major 
challenge and requires patient education, continuous motivation and follow-up, several 
trials are ongoing or underway to explore non-dietary treatment as possible options for 
tertiary prevention, but none of them have been tested in clinical trials yet.

OUTLINE OF THIS THESIS

The focus of this thesis is the improvement of diagnosis, early detection and treatment 
of CD in children. Increased knowledge, available guidelines and reliable diagnostics 
allow for timely diagnosis which can prevent complications and improve QoL, but the 
current healthcare approach is often unable to make the diagnosis in a timely manner. 
Moreover, despite timely diagnosis and effective therapy, there is a need to improve the 
follow up. Chapter 2 describes the efficient implementation of the ESPGHAN guidelines 
for the diagnosis of childhood CD in the Netherlands and presents the difference in inci-
dence and clinical presentation of CD in the Netherlands over the last 40 years. Chapter 
3 shows an overview of the current knowledge of the preventive strategies for CD. In 
the following two chapters, results of secondary prevention strategies are presented. 
Chapter 4 shows the protocol of the case finding study GLUTENSCREEN: a prospective 
study to detect CD in young children attending the Preventive Youth Health Care Centers 
in the region Kennemerland for a regular visit. Chapter 5 presents our developed and 
validated clinically useful prediction models for CD development among genetically 
predisposed children from celiac families and the application to provide individualized 
screening advice. The results are based on data from the long-term follow up of the 
PreventCD cohort. The PreventCD study evaluates the influence of infant feeding on 
the development of childhood CD and explored the possibility of inducing tolerance to 
gluten.

Clinical follow-up of children and adolescents with CD is necessary but evidence 
concerning the content of the follow up, as well as the frequency, is lacking. The next 
two chapters assess how to manage the follow up of CD in children and adolescents. 
Since the GFD is currently the only effective treatment of CD, assessment of dietary-
adherence is important during the follow up of CD patients. A relatively new method for 
monitoring dietary compliance is the detection of GIP. Chapter 6 presents the features 
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of GIP in urine during a consultation on the outpatient clinic. Children with CD visit the 
outpatient clinic for their follow up, but communication over the internet offers new 
opportunities. E-health has shown beneficial effects on the costs and quality of  other 
chronic disease management, but the evidence of E-health in CD follow-up has not been 
systematically reviewed. Finally, Chapter 7 shows the results of the systematic review 
of the current knowledge of E-health for the follow-up in CD patients. In Chapter 8, the 
main findings of this thesis are discussed in the light of the current literature, followed 
by the discussion and conclusion in Dutch in Chapter 9.
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ABSTRACT

The aim of this study was 1) to prospectively evaluate the nationwide implementation 
of the ESPGHAN-guidelines for the diagnosis of celiac disease (CD), 2) to investigate 
the incidence and clinical presentation of diagnosed childhood CD (0-14 years) in the 
Netherlands and 3) to compare the findings with national survey data from 1975-1990 
and 1993-2000  using the same approach. From 2010 to 2013, all practicing pediatricians 
were invited to report new celiac diagnoses to the Dutch Pediatric Surveillance Unit. 
Data were collected via questionnaires. 1107 Children with newly diagnosed CD were 
reported (mean age: 5.8 years; range: 10 months-14.9 years; 60.5% female). After the 
introduction of the non-biopsy approach in 2012, 75% of the diagnoses were made ac-
cording to the guideline with a significant decrease of 46.3% in biopsies. The use of EMA 
and HLA-typing significantly increased with 25.8% and 62.1%, respectively. The overall 
incidence rate of childhood CD was 8.8-fold higher than in 1975-1990 and 2.0-fold higher 
than in 1993-2000. During the study period, the prevalence of diagnosed CD was 0.14%, 
far below 0.7% of CD identified via screening in the general Dutch pediatric population. 
Clinical presentation has shifted towards less severe and extra-intestinal symptoms. 
Conclusion: ESPGHAN guidelines for CD diagnosis in children were effectively and 
rapidly implemented in the Netherlands. Incidence of diagnosed CD among children 
is still significantly rising with a continuous changing clinical presentation. Despite the 
increasing incidence of diagnoses, significant underdiagnosis still remains.
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INTRODUCTION

Celiac disease (CD) is an immune-mediated systemic disorder elicited by gluten and re-
lated prolamins in genetically susceptible individuals and characterized by the presence 
of a variable combination of gluten-dependent clinical manifestations, CD-specific an-
tibodies, HLA-DQ2 or HLA-DQ8 haplotypes and enteropathy (1). Up until a few decades 
ago, CD was considered an uncommon disease that mainly affected children and limited 
to Western Europe. However, the current prevalence of CD in the general population is 
estimated to be approximately 1% in different parts of the world (2, 3).

In the Netherlands, two national surveys on CD diagnosed in childhood performed by our 
group between 1975-1990 (retrospective) and 1993-2000 (prospective), showed that the 
incidence of diagnoses increased significantly from 0.18/1000 to 0.81/1000 live-births, 
respectively (4, 5). However, as also reported in other countries (6, 7), this increase in 
the incidence of diagnoses did not correspond nearly as much with the prevalence of CD 
detected by screening in the overall pediatric population (8, 9), indicating that CD was 
heavily underdiagnosed in the Netherlands. Our previous Dutch surveys showed that 
the clinical presentation in children had also shifted towards more subtle symptoms (4, 
5). The results of our prospective study from 1993-2000 were based on data from the 
Dutch Pediatric Surveillance Unit (DPSU) comprising all Dutch pediatric practices, with 
a mean response rate of 90% (2010). The CD diagnoses were cross-checked by reviewing 
the National Database of Pathology (in Dutch: Pathologisch Landelijk Geautomatiseerd 
Archief – PALGA), to identify all biopsy-proven CD cases according to the European 
Society for Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) 1990 di-
agnostic criteria (10). In 2012, ESPGHAN published new diagnostic guidelines with the 
so-called “non-biopsy diagnostic approach” for symptomatic children suspected of CD 
(1). Nevertheless, novel diagnostic guidelines are not always effectively implemented in 
daily practice (11).

The aims of the present study are to (i) prospectively evaluate the nationwide imple-
mentation of the ESPGHAN guidelines 2012 for CD diagnosis in the Netherlands and, 
(ii) investigate the incidence and clinical presentation of diagnosed childhood CD from 
2010-2013 in the Netherlands in comparison to previous national surveys.
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METHODS

A four-year prospective observational cohort study, including all children aged 0 -14 
years and diagnosed with CD throughout the Netherlands between January 1st, 2010, 
and December 31st, 2013, as reported to the DPSU. The purpose of the DPSU of the Dutch 
Society of Pediatrics (DSP) is to gain insight on the prevalence of diseases in youths (0-18 
years) on a population level and to promote scientific research addressing the back-
ground, nature, prognosis, treatment and prevention of these diseases (11). All Dutch 
pediatricians were asked by paper (until 2010) or through an internet-based system to 
report new cases of selected conditions, for our study CD, on a monthly basis, followed 
immediately or later by completing a questionnaire. This questionnaire, which was 
filled in by the pediatrician, collected patient information such as gender, age, parents’ 
country of origin, symptoms at presentation, anthropometrics (height and weight), as-
sociated diseases, family history and (results of) diagnostic tests. Personal data were 
limited to initials and birth dates to guard patient confidentiality. The completed ques-
tionnaires were subsequently sent to the investigators of the Leiden University Medical 
Centre (LUMC) where the data were stored and analysed. In December 2013, registration 
was unintentionally closed due to relocation of the DPSU to another organization. Up 
until 2012, data from the DPSU were cross-checked using information provided by 
PALGA, the database that anonymously registers all pathological specimens collected 
in the Netherlands (including sex, age, date of biopsy). The primary outcome comprised 
the diagnostic workup before and after the introduction of the non-biopsy diagnostic 
approach in 2012. The secondary outcome was the clinical presentation compared to 
that from previous surveys and the incidence of diagnosed CD in the Netherlands from 
2010-2013 in children aged 0-14 years as the numerator and the number of live-births in 
these years as the denominator, expressed as a rate per 1,000 live-births. The age of the 
included children (0-14 years) and the  metrics were chosen with the purpose to be able 
to compare the results to those reported in our previous surveys. Patient information 
was completely anonymized and guaranteed throughout the study.

The ethical aspects have been approved by the DPSU of the DSP in accordance with the 
applicable rules on privacy. According to Dutch Law for the use of completely anony-
mous data informed consent is not needed.

Statistical analysis
All categorical data are described as frequencies. Percentages are based on the total 
number of included patients.
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For the incidence rate we used the data from all the reported children and for the analy-
sis of the clinical picture and the diagnostic work up we used the data from the children 
with  completed questionnaires. Demographic and epidemiological data regarding the 
general population were provided by The Dutch Central Bureau of Statistics (CBS, The 
Hague, the Netherlands) (12). The emigration and immigration rates per 1000 inhabit-
ants in the Dutch population remained stable during the study period (2010 and 2013: 
1.2 and 1.1) (13).

The diagnostic approach, incidence rates and clinical presentation of CD in 2010-2013 
were compared to the data from 1975-1990 and 1993-2000 using the Chi-square test 
and Chi-square test for trend. A p-value of 0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS 23.0.

RESULTS

From January 1st, 2010, to December 31st, 2013, 1325 children with CD were reported to 
the DPSU, 218 of which were excluded (78 older than 15 years at diagnosis; 123 double 
reported; 11 withdrawn by pediatrician; 6 diagnosed outside the study period). Of the 
1107 included patients (mean age: 5.8 years; range: 10 months-14.9 years; 60.5% female), 
209 were only reported as new CD diagnosis and from the additional 898 completed 
questionnaires were returned. The mean survey response rate of Dutch pediatricians to 
the monthly CD request was 81.1%, of which 87.1%, 84.7%, 77.4% and 74.1% pertained 
to the years 2010, 2011, 2012 and 2013, respectively.

Diagnostic approach
The diagnostic approach is summarised in Table 1. Utilization of the anti-gliadin anti-
bodies- (AGA) and endomysium antibodies (EMA) -tests decreased significantly over the 
period 1993-2000 and 2010-2013 from 90% (n=915) to 9.4% (n=84) (p<0.001) and from 
78.0% (n=793) to 60.5% (n=543) (p<0.001), respectively. In contrast, the use of the EMA-
test increased from 48.7% (n=237) in 2010-2011 to 74.5% (n=306) in 2012-2013 (p<0.001). 
This was also the case for HLA-typing which increased significantly from 23.8% (n=116) 
in 2010-2011 to 85.9% (n=353) in 2012-2013 (p<0.001). Anti-tissue transglutaminase anti-
bodies (tTG) levels were determined in the majority of children (96.8%, n=869) diagnosed 
in 2010-2013. Moreover, in this last period, 66.9% (n=601) children underwent diagnostic 
small bowel biopsies which showed a significant decrease from 88.1% (n=429) to 41.8% 
(n=172) (p<0.001) after the publication of the non-biopsy ESPGHAN guideline in 2012 (1) 
(Table 1).
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In total, 411 children were newly diagnosed with CD in 2012-2013. From them 93.4% 
(n=384) was symptomatic and 6.6% (n=27) was asymptomatic. 234 Of the symptomatic 
children had tTG levels ≥10x upper limit of normal (ULN) and were eligible for the non-
biopsy approach; more than 75% (58/234) of the children were correctly diagnosed 
according to the guideline. Of all symptomatic children 77.3% (297/384) were correctly 
diagnosed as well as 81.5% (22/27) of the asymptomatic children. So, a total of 77.6% 
of the children (319/411) were correctly diagnosed according to the new ESPGHAN algo-
rithms. Reasons for incorrect application of the ESPGHAN guidelines of 2012 regarding 
the symptomatic algorithm (in which data were missing for 2 children) were presence 
of  Marsh classification score of 0-1 (n = 11; 12.6%) and include missing EMA, HLA-typing 
and tTG-tests in 46 (52.9%), 21 (24.1%) and 7 (8.0%) children, respectively. In 5 children, 
the reasons for incorrect application of the asymptomatic algorithm (in which data were 
missing for 2 children) were refusal to undergo diagnostic biopsies (n = 3; 60.0%).

Frequency rates
Figure 1 details the significantly higher crude incidence rate of diagnosed CD in 2010-
2013 (1.59/1000 live-births) as compared to the previous studies from 1975-1990 and 
1993-2000, which report incidences of 0.18 and 0.81 per 1000 live-births, respectively 
(4,5) (p<0.001). The reported crude incidence rate of diagnosed CD in the present study 

Table 1. Changing Diagnostic Work Up for Celiac Disease in Children in The Netherlands. On the left side the  data from 
the three national surveys are presented (1975-2013) and on the right side the data before and after the introduction of 
the non-biopsy approach.

Diagnostic 
tests
No. (%)

National Surveys 2010-2013

1975-1990
Retrospective

1993-2000
Prospective

2010-2013
Prospective

2010-2011 2012***-2013

n=223 n=1017 n = 898 n = 487 n = 411

Sympt.
n=454

Asympt.
n=33

Sympt.
n=384

Asympt.
n=27

IgA AGA 131 (59) 915 (90) 84 (9.4)*
45 (9.9) 0 39 (10.2) n.s. 0 n.s.

45 (9.2) 39 (9.5) n.s.

IgA tTG N.A.** N.A.** 869 (96.8)
440 (96.9) 33 (100) 370 (96.4) n.s. 26 (96.3) n.s.

473 (97.1) 396 (96.4) n.s.

IgA EMA Unknown 793 (78) 543 (60.5)*
223 (49.1) 14 (42.4) 288 (75.0)^ 18 (66.7)^

237 (48.7) 306 (74.5)*

HLA typing Unknown Unknown 469 (52.2)
107 (23.6) 9 (27.3) 329 (85.7)^ 24 (88.9)^

116 (23.8) 353 (85.9)^

Biopsies 223 (100) 1017 (100) 601 (66.9)*
399 (87.9) 30 (90.1) 150 (39.1)^ 22 (81.5)n.s.

429 (88.1) 172 (41.8)^

*p<0,01; NA= not available at the time; **Widespread introduction throughout the Netherlands in 1999; ***Publication of 
ESPGHAN Guideline. Comparison of data between 2010-2011 and 2012-2013: n.s.= not significantly different or ^= signifi-
cantly different
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was 1.51 per 1000 live-births in 2010; 1.60 in 2011; 1.86 in 2012 and 1.35 in 2013 (Figure 
1). The prevalence of diagnosed CD in 2010-2013 was 0.14%, which is significantly 
lower than the 0.5% detected by screening of the general Dutch pediatric population of 
2-4-year-olds reported in 1999 and 0.7% of 6-year-olds reported in 2015 (p<0.001) (8, 9).

Clinical presentation
Characteristics of the reported CD patients are presented in Supplementary Table 
1. Parents of  92.2% of children (n=828) reported one or more CD-related symptoms 
at the time of diagnosis, with abdominal pain, wasting (defined as weight <p10) and 
stunting (height for age < p10) being the most frequently reported symptoms at 49.6% 
(n=445), 33.9% (n=304) and 32.0% (n=287), respectively (Supplementary Table 1). Only 
36 patients (4.0%) presented with the classical triad, i.e., chronic diarrhoea, abdominal 
distension and failure to thrive. At least 1 gastrointestinal symptom was reported in 669 
(74.5%) patients, while 149 (16.6%) exclusively experienced extra-intestinal symptoms.

Table 2 shows the continuous and significantly changing clinical presentation of diag-
nosed CD in comparison to the presentation reported in 1975-1990 and in 1993-2000. 
Although there is a significant decrease in chronic diarrhoea and abdominal distension 
as presenting symptoms, significantly more children presented with abdominal pain, 
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Figure 1. Incidence of diagnosed childhood celiac disease in three national studies in the Netherlands (n=223 in 1975-
1990; n=1017 in 1993-2000 and n=1107 in 2010-2013)
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lassitude and anorexia. Thirty percent of the children were ≤ 2 years of age, which was 
significantly younger than reported by the previous surveys. In total, 13.8% of the chil-
dren had a first degree relative (FDR) with CD, while only 7.0% of them were referred to 
the pediatrician for screening based on a positive family history for CD.

DISCUSSION

In 2012, ESPGHAN published new guidelines for the diagnosis of CD in children and 
adolescents, including the novel so-called “non-biopsy approach” for selected cases 
(1). Our national prospective data show that in 2012-2013, childhood CD was diagnosed 
in the Netherlands according to the new guidelines in more than 75% of the cases, with 
75.2% correct application of the ‘non-biopsy’ approach, indicating a quick and efficient 
implementation of the new guidelines. Such successful implementation does not 
always follow the publication of novel guidelines (11). For example, after the publica-
tion of  the guideline for the diagnosis and management of gastroesophageal reflux in 
children, only 1.8% of the general pediatricians showed complete adherence to it (11); a 
frequency that increased to 46.1% after specific training (14).

The effective implementation in the Netherlands has possibly been facilitated first 
because they were actively overtaken by the DSP immediately following their publica-
tion, and second because of the extended use of the highly sensitive tTG-test which is 
imperative in the 2012 ESPGHAN diagnostic guidelines (1, 15) (Table 1). The variable 
use of the EMA-test, both in the Netherlands and in other countries (16), is explained 

Table 2. Comparison of the Clinical Presentation of Diagnosed Childhood Celiac Disease in Three National Surveys in the 
Netherlands

1975-1990
%

(n=223)

1993-2000
%

(n=1017)

2010-2013
%

(n=898)

P value

Chronic diarrhoea 72 41 25 <0.01

Abdominal distension 76 48 28 <0.01

Growth failure in height and weight
Weight for height < P10
Height for age < P10

63
22
42

24
49
34

19
34
32

<0.01
<0.01

<0.01*

Abdominal pain 7 16 50 <0.01

Lassitude Not known 12 24 <0.01

Anorexia 0 5 24 <0.01

Age ≤ 2 yr. 60 47 30† <0.01

Median age (yr.) 1.5 2.1 5.8 † <0.01

* Comparison of data only significantly different between 1975-1990 and 2010-2013.
† Age of all 1107 reported CD children.
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by the introduction of the more simple and economical tTG-test in the 1990’s, followed 
by an increase in its use after the publication of the ESPGHAN guidelines of 2012 in 
which its determination was established for the initial diagnostic work-up and for the 
confirmation of CD diagnoses under the non-biopsy approach (1, 17, 18). The use of the 
EMA-test as a confirmatory diagnostic test has been reinforced by the updated ESPGHAN 
guidelines of 2020, so an increase in its implementation may be expected in the future, 
particularly in children diagnosed without biopsies (19). The significant reduction 
(46.3%) of diagnostic biopsies in our country, which is in accordance with findings from 
other studies (16, 20), indicates that the implementation of the non-biopsy strategy has 
taken place quickly and efficiently. However, the guidelines for non-biopsy diagnosis in 
children have not yet been adopted in all countries, despite its numerous advantages 
such as the reduction in medical costs and avoidance of general anaesthesia or deep 
sedation (21, 22). With the conditional recommendation of the non-biopsy approach in 
the ESPGHAN guidelines of 2020 for asymptomatic children, a further decline in small 
bowel biopsies is to be expected.

Our data show a continuous and significant 8.8-fold increase in the incidence of CD 
diagnosed in childhood in the Netherlands from 1975 to 2013, with a 2.0-fold increase 
from 1993-2000 to 2010-2013. This is in accordance with the 2.4 -fold increase found in 
the retrospective nationwide survey on newly diagnosed CD both in children and adults 
from 1995-2010 (23). Our results also agree with the findings from recent European and 
Canadian studies conducted in pediatric populations which likewise show an increasing 
trend over time in the frequency of clinically diagnosed childhood CD (24-26). The rising 
incidence in the number of diagnoses is likely caused by a combination of several fac-
tors, namely, the growing awareness of CD among healthcare professionals, increased 
screening of high-risk groups and the availability of reliable CD antibody tests (1), but 
also a true rise in the incidence of CD (27). In this respect, an increasing prevalence of 
CD has been shown in screening studies among school-aged children with a 1.4-fold 
increase over a period of 15 years in the Netherlands and over 1.8-times in 25 years in 
Italy (8,9,28). This is in line with the 5-fold increase in prevalence of CD autoimmunity 
over a period of 50 years found in the United States, a finding based on the analysis of 
stored sera from community subjects compared with sera collected at an earlier date 
(29). In contrast, no increase over time in the prevalence of CD has been reported in 
adult blood donors in Israel (30).

Strengths of our study include the reporting of national data which forms a seamless rep-
resentation for the whole country of the Netherlands, as well as utilization of the same 
methods as in the survey performed in 1993-2000, improving the reliability of the result 
comparisons. Nevertheless, a possible limitation of our study is the decreased response 
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rate to the DPSU monitoring system (from 87.1% in 2010 to 74.1% in 2013 versus 90% 
in 1993-2000) (5). This decrease is possibly due to the overall increasing administrative 
burden, complexity of care and reduced time for reporting among Dutch pediatricians 
as well as the relocation of the DPSU to another organisation at the end of 2013 (31). 
The relatively low response rate of 2013, which does not represent a true decline in the 
incidence of CD diagnoses, is the most plausible cause of the abrupt decrease in the 
incidence of CD diagnoses reported to the DPSU in this year when compared to previous 
years, even after correcting for the preliminary closing of the reporting system.

Our findings of a continuously changing clinical presentation and significant increase 
in the median age at diagnosis are in agreement with those reported by other countries 
(16-19, 32-38). The actual clinical presentation of CD diagnosed in childhood in the 
Netherlands is formed by a variable combination of abdominal pain and poor growth (in 
weight or in height). The classical triad of diarrhoea, abdominal distension and failure 
to thrive is rare although each of these symptoms is present in many CD patients (Supp 
Table 1) (39-40). Failure to thrive (defined as height for age <p10 and weight for height 
<p10) occurs significantly less frequent than before (44%), even though the absolute 
frequency has remained fairly stable over the time (n=140 in 1975-1990, n=244 in 1993-
2000 and n=166 in the present study). Interestingly, 70% of the diagnosed children in 
2010-2013 had at least one non-gastrointestinal symptom, with lassitude and anorexia 
also increasing significantly (Table 1) (4, 5). The shift in CD presenting symptoms towards 
a milder form of disease may also potentially be the reason for an upward shift of age at 
diagnosis (39-40).

In conclusion, the ESPGHAN guidelines 2012 for the diagnosis of CD in children were ef-
fectively and quickly implemented in the Netherlands. During the 2 years after their pub-
lication, the guidelines were applied in more than 75% of the cases, particularly in older 
children. The clinical presentation of childhood CD in the Netherlands is characterised 
by a continuous change with a shift towards less severe and non-gastrointestinal symp-
toms. The incidence of diagnosed CD in childhood from 2010-2013 in the Netherlands 
has increased significantly by 8.8-fold from 1975-1990 and 2.0-fold from 1993-2000. 
Despite the rising incidence in the number of diagnoses, the prevalence of diagnosed CD 
is significantly lower that the prevalence of disease identified by screening, signifying 
that childhood CD is still significantly underdiagnosed in the Netherlands.
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Supplementary table 1. Characteristics of  898 children with celiac disease diagnosed in 2010-2013 as reported to the 
Dutch Pediatric Surveillance Unit

2010
n = 243

2011
n = 244

2012
n = 254

2013
n = 157

Total
n = 898

Median age at diagnosis of CD, in years
   Age ≤ 2, in %

5.7
29.7

6.0
28.5

5.8
32.0

6.0
29.2

5.8

Female, No. (%)
   Unknown

166(68.3)
6 (2.5)

159 (65.2)
12 (4.9)

139 (54.7)
22 (8.7)

79 (50.3)
21 (13.4)

543 (60.5)
61 (6.8)

Reason for referral, No. (%)
   Suspected CD
   Positive family history
   Associated disease
   Suspected CD + positive family history
   Suspected CD + associated disease
   Unknown

188(77.4)
18 (7.4)
20 (8.2)
2 (0.8)
2 (0.8)

13 (5.3)

201 (82.4)
17 (7.0)
22 (9.0)

0 (0)
0 (0)

4 (1.6)

209 (82.3)
17 (6.7)
22 (8.7)

0 (0)
0 (0)

6 (2.4)

121 (77.1)
11 (7.0)

19 (12.1)
2 (1.9)
0 (0)

3 (1.9)

719 (80.1)
63 (7.0)
83 (9.2)
5 (0.6)
2 (0.2)

26 (2.9)

Symptoms, No. (%)
   No symptoms
   Anorexia
   Recurrent oral ulcers
   Nausea
   Vomiting
   Abdominal pain
   Abdominal distension
   Constipation
   Acute diarrhoea (<15 days)
   Chronic diarrhoea (>4 weeks)
   Pallor
   Lassitude
   Irritability
   Delayed puberty
   Joint disorders
   Failure to thrive
   Wasting (Weight for height < P10)
   Stunting (Height for age < P10)
   Non-gastrointestinal symp
   Unknown

20 (8.2)
59 (24.3)

5 (2.1)
8 (3.3)

25 (10.3)
104(42.8)
69 (28.4)
45 (18.5)

6 (2.5)
61 (25.1)
28 (11.5)
55 (22.6)
37 (15.2)

2 (0.8)
3 (1.2)

41 (16.9)
79 (32.5)
74 (30.5)
191(68.5)
13 (5.3)

23 (9.4)
53 (21.7)

4 (1.6)
10 (4.1)

32 (13.1)
113 (46.3)
69 (28.3)
46 (18.9)

7 (2.9)
55 (22.5)
33 (13.5)
67 (27.5)
41 (16.8)

3 (1.2)
1 (0.4)

47 (19.3)
79 (32.4)
88 (36.1)

186 (64.6)
2 (0.8)

17 (6.7)
64 (25.2)

1 (0.4)
18 (7.1)

28 (11.0)
137 (53.9)
72 (28.3)
56 (22.0)

7 (2.8)
68 (26.8)
26 (10.2)
65 (25.6)
54 (21.3)

0 (0)
1 (0.4)

50 (19.7)
97 (38.2)
73 (28.7)

238 (72.6)
4 (1.6)

10 (6.4)
39 (24.8)

1 (0.6)
14 (8.9)

17 (10.8)
91 (58.0)
39 (24.8)
30 (19.1)

8 (5.1)
36 (22.9)

8 (5.1)
28 (17.8)
26 (16.6)

0 (0)
1 (0.6)

28 (17.8)
49 (31.2)
52 (33.1)

161 (75.9)
1 (0.6)

70 (7.8)
215 (23.9)

11 (1.2)
50 (5.6)

102 (11.4)
445 (49.6)
249 (27.7)
177 (19.7)

28 (3.1)
220 (24.5)
95 (10.6)

215 (23.9)
158 (17.6)

5 (0.6)
5 (0.6)

166 (18.5)
304 (33.9)
287 (32.0)

776 (70.1)*
18 (2.0)

Associated disease, No. (%)
   Type 1 Diabetes
   Down Syndrome
   Turner Syndrome
   Selective IgA Deficiency (0.05 g/l)
   Other#
   Unknown

28 (11.5)
20 (8.2)
3 (1.2)
1 (0.4)
3 (1.2)
1(0.4)

12 (4.9)

29 (11.9)
9 (3.7)

15 (6.1)
-

3 (1.2)
2 (0.8)
6 (2.5)

31 (12.2)
16 (6.3)
12 (4.7)

-
2 (0.8)
1 (0.4)

10 (3.9)

19 (12.1)
12 (7.6)
5 (3.2)

-
1 (0.6)
1 (0.6)
3 (1.9)

107 (11.9)
57 (6.3)
35 (3.9)
1 (0.1)
9 (1.0)
5 (0.6)

31 (3.5)

Relative with CD, No (%) 37(15.2) 31(12.7) 34 (13.4) 22(14.0) 124 (13.8)

*149 children had exclusively non-gastrointestinal symptoms. #Rheumatoid Arthritis and Autoimmune Thyroiditis
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ABSTRACT

Celiac disease (CD) is a common autoimmune disorder induced by ingestion of gluten 
in genetically susceptible individuals. Despite the prerequisite for a genetic predispo-
sition, only a minority of the 40% of the Caucasian population that has this genetic 
predisposition develops the disease. Thus, environmental and/or lifestyle factors play 
a causal role in the development of CD. The incidence of CD has increased over the 
last half-century, resulting in rising interest in identifying risk factors for CD to enable 
primary prevention. Early infant feeding practices have been suggested as one of the 
factors influencing the risk of CD in genetically susceptible individuals. However, recent 
large prospective studies have shown that neither the timing of gluten introduction 
nor the duration or maintenance of breastfeeding influence the risk of CD. Also, other 
environmental influences have been investigated as potential risk factors, but have not 
led to primary prevention strategies. Secondary prevention is possible through early 
diagnosis and treatment. Since CD is significantly underdiagnosed and a large propor-
tion of CD patients are asymptomatic at the time of diagnosis, secondary prevention 
will not identify all CD patients, as long as mass screening has not been introduced. 
As following a gluten-free diet is a major challenge, tertiary prevention strategies are 
discussed as well.
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INTRODUCTION

The incidence and prevalence of celiac disease (CD) have risen over time; this is, in part, 
due to the current awareness in combination with the advent of highly sensitive and 
specific serological tests, but it also reflects a true increase in the prevalence of CD (1, 2). 
The clinical presentation of CD has changed dramatically in the last decades. Patients 
with atypical or non-specific symptoms often report a delay in diagnosis of CD that may 
last for years (3) or even worse, CD remains unrecognized and, therefore, untreated 
(4–6). Untreated disease is associated with long-term complications, such as chronic 
anemia, delayed puberty, neuropsychiatric disturbances, associated autoimmune 
disorders, infertility, small-for-date-births, osteoporosis, and, rarely, malignancy and 
it can reduce the quality of life (7–9). Treatment with a gluten-free diet (GFD) reduces 
the burden of morbidity and mortality associated with untreated CD. Thus, prevention 
would be beneficial (10). Prevention is defined as any activity that reduces the burden of 
mortality or morbidity from disease, taking place at the primary, secondary, or tertiary 
level (11) (Table 1). The purpose of this review is to present the current knowledge of the 
preventive strategies for CD (Table 2).

Table 1. Definition of levels of prevention

Primary Secondary Tertiary

Avoiding the development of a 
disease

Early detection and treatment Reducing the impact of existing 
disease by improved treatment

Table 2. Some possible prevention strategies for celiac disease, as discussed in this review

Primary Secondary Tertiary

•	 	Infant feeding
-  Breastfeeding
-  Breastfeeding at the time of 

gluten  introduction
-  Timing of gluten introduction
-  Amount of gluten at the time of 

gluten introduction
•	 	(Intestinal) infections
•	 	Type of delivery
•	 	Antibiotics
•	 	Microbiota

•	 	Case finding
•	 	Screening of high-risk groups
•	 	Mass screening

•	 	Optimal adherence to the gluten-
free diet

•	 	Gluten immunogenic peptides
•	 	Dietary interview
•	 	Dietary questionnaires
•	 	Serology/duodenal biopsies
•	 	Additional treatments
-	 	Larazotide acetate
-	 	Endopeptidases
-	 	Desensitization therapy
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PRIMARY PREVENTION

Infant feeding
Theoretically, CD could be prevented by avoiding gluten introduction into the feeding of 
infants genetically predisposed to CD. However, this is not a realistic strategy, because 
the strongest genetic predisposing factors for CD, HLA DQ2 and/or HLADQ8, are present 
in about 40% of the Caucasian population. In addition, most of these individuals do not 
develop CD, since the prevalence of CD is ∼1%. Another reason why avoiding gluten 
ingestion by a large part of the population is not desirable is that gluten-containing 
cereals (among others wheat, barley and rye) are important sources of dietary iron, 
fiber, calcium, folate, and vitamin B12 (12, 13). Much knowledge about the possible 
relationship between infant feeding practices and the development of CD has been 
obtained from “The Swedish epidemic of CD” during the mid1980s. Between 1985 and 
1987, the incidence of CD in Swedish children younger than 2 years of age increased 
4-fold, followed by a rapid decline in its incidence around 1995 (14). The occurrence of 
the epidemic was related to new dietary recommendations: delaying the introduction of 
all gluten-containing foods to infants until 6 months of age and changes in breastfeed-
ing practices. In Sweden, the incidence of CD diminished when earlier introduction of 
gluten (>4 months) was reintroduced (14). Many retrospective studies have investigated 
this hypothesis that delayed introduction of gluten leads to CD with conflicting results. 
Results of observational studies suggested the existence of a “window of opportunity” 
for primary prevention, by introducing gluten between 4 and 6 months of age to reduce 
the risk of CD (Table 3). This and other early feeding practices, such as breastfeeding 
and breastfeeding at the time of gluten introduction, have been investigated as primary 
prevention strategies for reducing the risk of CD as well (Tables 4, 5). A systemic review 
and meta-analysis, which included all of the studies published on this topic between 
1966 and 2004, found that breastfed children had a 52% reduction in the risk of being 
affected by CD compared to those who were not breastfed during the time of gluten 
introduction (pooled OR 0.48; 95% CI: 0.40 to 0.59) (37). However, all of these studies 
were observational and retrospective. Among the prospective studies that have been 
published, there are two gluten interventional ones, namely PREVENTCD and CELIPREV 
(15, 16) (Table 3):
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•	 PREVENTCD is a multinational, randomized, double-blind, placebo-controlled 
dietary interventional study involving 944 children who had at least 1 first-degree 
relative with CD and HLA-DQ2 and/or DQ8. From age 4 to 6 months, 475 participants 
received 100 mg of vital gluten daily and 469 received placebo. After 24 weeks, intake 
of gluten was liberalized in both groups. CD serology was measured periodically. 
Children with elevated levels of CD antibodies and/or with symptoms suggestive of 
CD were offered small bowel biopsies to confirm the diagnosis. The results showed 
no significant difference between the groups receiving the early gluten intervention 
or placebo in the risk of developing CD at the age of 3 years.

•	 CELIPREV is an Italian multicenter, randomized, interventional study that compared 
early (at 6 months of age; n = 297) and delayed (at 12 months of age; n = 256) intro-
duction of gluten into the diet of infants at risk for CD (first-degree relative with CD; 
HLA-DQ2 and/or DQ8 positivity). The results showed a reduced risk of developing CD 
by the age of 2 years in those with delayed introduction to gluten at 12 months, but 
no difference between groups in the risk of developing CD at 5 years of age. A few 
of the large, prospective, observational cohort (non-interventional) studies assess-
ing the relationship between infant feeding practices and the risk of CD and/or CD 
autoimmunity (CDA) pointed out the following (Tables 3–5):

•	 The Generation R cohort study, including 1679 genetically susceptible CD children 
from the general population of Rotterdam, the Netherlands, showed that neither 
breastfeeding for 6 months or longer nor later exposure to gluten (>6 months) com-
pared to earlier exposure (<6 months) was significantly associated with CDA (21)

•	 The Norwegian Mother and Child Cohort Study (MoBa) showed that breastfeeding 
longer than 12 months was associated with a higher risk of CD (22). However, this 
cohort only considered children with clinically diagnosed CD, so probably missed an 
important proportion of the children with CD.

•	 The BABYDIAB, a German cohort study, found no association between the duration 
of breastfeeding nor gluten introduction before or after 3 months of age and risk of 
CDA (26).

•	 The Environmental Determinants of Diabetes in the Young (TEDDY) project is an 
observational, prospective, cohort study that followed children at genetic risk for 
type 1 diabetes, wherein development of CD is a secondary outcome. The TEDDY 
study included 6,403 children with a genetic predisposition to developing CD in the 
United States, Finland, Germany, and Sweden. The study found that gluten introduc-
tion before 17 weeks of age or later than 26 weeks of age was not associated with 
an increased risk for CDA or CD; however, continuation of breastfeeding more than 
1 month after gluten introduction compared with discontinuation of breastfeeding 
prior to gluten introduction was associated with increased risk of CDA but not of CD 
(20).
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Table 3. Evidence of the effect of the timing of gluten introduction into the diet of young children and the risk of celiac disease

First author, year, study Conclusion

Interventional studies

  Vriezinga 2014, PREVENTCD (15) No significant difference in CD development at 3 years for gluten 
introduction at 4 months vs. 6 months^

  Lionetti 2014, CELIPREV (16) No significant difference in CD development at 5 years for gluten 
introduction at 6 months vs. 12 months

  Sellitto 2012 (17) No significant difference in CDA* risk for gluten introduction at 6 
months vs. 12 months

  Hummel 2011 (18)/ Beyerlein 2014(19)** No significant difference in CD and CDA for different gluten introduction 
at 6 months vs. 12 months

Prospective cohort studies

  Aronsson 2015, TEDDY (20) No significant difference in CD and CDA for gluten introduction at <17 
vs. 17 – 26 vs. >26 weeks

  Jansen 2014, Generation R (21) No significant difference in CDA for gluten introduction at <6 months vs. 
> 6 months

  Størdal 2013, MoBa (22) Borderline significant difference in CD development at gluten 
introduction <6 months vs. >6 months

  Welander 2010, ABIS (23) No significant difference in CD for different times of gluten introduction 
from 0 to 12 months

  Norris 2005, DAISY (24) Significantly more CD with gluten introduction <3 or >7 months vs. 
gluten introduction between 4-6 months.

  Ziegler 2003, BABYDIAB (25) No significant difference in CD for gluten introduction ≤3 months vs > 6 
months

  Hummel 2007, BABYDIAB (26) No significant difference in CDA for gluten introduction <3 months vs.  
>3 months

Retrospective studies

  Ivarsson 2002 (27) Significantly more CD with gluten introduction > 6 months compared to 
gluten introduction between 4-6 months.

  Peters 2001 (28) No significant difference in CD gluten introduction at ≤3 vs >3 months

  Falth-Magnusson 1996 (29) No significant difference in CD for different times of gluten introduction

Cross-sectional study

  Ivarsson 2013, ETICS (30) Significantly more CD with gluten introduction > 6 months compared to 
gluten introduction between 4-6 months.

CD: celiac disease; CDA: celiac disease autoimmunity
*= celiac disease autoimmunity
** = same population
^= months of age
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Table 4. Most important studies on the evidence of protection from celiac disease with breastfeeding

First author, year, study Conclusion

Interventional studies

  Vriezinga 2014, PREVENTCD (15) No effect

  Lionetti 2014, CELIPREV (16) No effect

Prospective studies

   Jansen 2014, Generation R (21) No effect

   Størdal 2013, MoBa (22) No effect*

   Welander 2010, ABIS (23) No effect

   Norris 2005, DAISY study (24) No effect

   Ziegler 2003 (25)/Hummel 2007 (26)**, BABYDIAB No effect

Retrospective studies

   Decker 2010 (31) No effect

   Roberts 2009 (32) No effect

   Ivarsson 2002 (27) Protective

   Peters 2001 (28) Protective

   Greco 1998 (33) Protective

   Ascher 1997 (34) No effect

   Falth-Magnusson 1996 (29) Protective

   Auricchio 1983 (35) Protective

Cross-sectional study

   Ivarsson 2013, ETICS (30) Protective

*=breastfeeding (BF)>1 year predisposing; **=same population

Table 5. Evidence of the effect of breastfeeding at the time of gluten introduction and risk for celiac disease

First author, year, study Conclusion

Interventional studies

  Vriezinga 2014, PREVENTCD (15) No effect

  Lionetti 2014, CELIPREV (16) No effect

Prospective cohort studies

  Aronsson 2016, TEDDY (36) No effect

  Størdal 2013, MoBa (22) No effect

  Hummel 2007, BABYDIAB (26) No effect

  Norris 2005, DAISY (24) No effect

Retrospective studies 

  Ivarsson 2002 (27) Protective

  Peters 2001 (28) Protective

  Ascher 1997 (34) No effect

  Falth-Magnusson1996 (29) Protective
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Two systematic reviews and meta-analyses, which included the above prospective in-
terventional studies and large cohort studies (Tables 3–5), concluded that the timing of 
gluten introduction and the duration or maintenance of breastfeeding do not influence 
the development of CD (38, 39). Interest in the quantity of gluten at introduction into 
the diet of infants was also raised based on the results of the Swedish CD epidemic. 
The evaluation of results of one retrospective observational study indicated that large 
amounts of gluten (>16 g/day) at the time of first introduction increased the risk of CD 
(27). The same group of investigators further compared, in the ETIC project, 2 popula-
tions born in 1993 and 1997; they found a lower risk of CD in the population born in 1997 
who ingested significantly less gluten-containing cereal compared to the population 
born in 1993 (24 vs. 38 g/day intake, respectively, under the age of 2 years) (30). Also, the 
Swedish case control study from the TEDDY cohort, in which gluten intake was assessed 
by dietary questionnaires, found that a high intake (>5.0 g/day) of gluten during the 
first 2 years of life was associated with an increased risk of CD (36). However, a similar 
analysis of the data in the international PREVENTCD study showed that the amount of 
gluten consumed at 11–36 months of age did not influence the risk for CD development 
(40). Thus, the influence of the amount of gluten intake on CD risk remains a topic of 
discussion. In accordance with the results from the above-mentioned studies, ESPGHAN 
has updated its guidelines for gluten introduction into the diet of young children. 
The current recommendation no longer suggests introducing gluten between 4 and 6 
months of age; rather they recommend that gluten may be introduced into the infant’s 
diet anytime between 4 and 12 completed months of age, since gluten introduction in 
these infants does not seem to influence the absolute risk of developing CDA or CD dur-
ing childhood (38). In addition to gluten and breastfeeding, other environmental factors 
may be involved in the risk and/or prevention of CD. Identifying and influencing these 
factors may lead to preventive strategies. Some of these factors are discussed below.

(Intestinal) infections
Intestinal infections might change gut permeability and lead to the passage of immuno-
genic gluten peptides through the epithelial barrier, and thus, activate an autoimmune 
reaction. Many groups have studied the relationship between infections, both viral and 
bacterial, and the risk of CD, with varying results (Table 6). The role of early infections 
was retrospectively explored in the Swedish population-based incident case referent 
ETICS study. Having three or more parental-reported infections, regardless of the type 
of infection, during the first 6 months of life was associated with significantly increased 
risk of CD, even after adjusting for infant feeding and socioeconomic status (61). Results 
of prospective studies are contradictory. Data from the PREVENTCD study showed no 
significant difference in the cumulative incidence of CD between children with and 
without parental-reported gastrointestinal infections in the first 18 months of life (15). 
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However, the TEDDY study found that parental-reported early gastrointestinal infections 
increased the risk of CDA within the following 3 months (HR 1.33; 95% CI 1.11–1.59). This 
effect was observed particularly in those children with non-HLA-DQ2 genotypes who had 
been breastfed for been breastfed for < 4 months, as well as in children born in winter 
and introduced to gluten before the age of 6 months (62). In the prospective MoBa study, 
children with ≥10 infections (respiratory and gastrointestinal) before 18 months of age 
had a higher risk of being clinically diagnosed with CD compared with children who had 
≤4 infections, even after adjustments for antibiotic exposure (63). Viral infections have 
been suggested to play a role in the development of CD (Table 6), and recently, reovirus 
has been reported as a trigger for the disease, both in vitro as well as in vivo (60). In vitro, 
reovirus infection induced a disruption of intestinal immune homeostasis and initiated 

Table 6. Some of the most relevant studies# on infections and the risk of celiac disease or celiac disease autoimmunity

First author, year, study Pathogen Association between CD(A)

Prospective studies

     Stene 2006 (41) Rotavirus Positive

     Thevenot 2007 (42) Hepatitis C virus None

     Gravina 2012 (43) Hepatitis C virus None

     Jansen 2016 (44) EBV, CMV and HSV-1 Negative

     Karhus 2018 (45) Influenza None

     Dore 2018 (46) Helicobacter Pylori None

Retrospective studies

     Lahdeaho 1993 (47) Adenovirus 12/40 Positive

     Vesy 1993 (48) Adenovirus 12, CMV, HSV None

     Kagnoff 1987 (49) Adenovirus 12
Adenovirus 18/echovirus 11

Positive
None

     Mahon 1991 (50) Adenovirus 12 None

     Fine 2001 (51) Hepatitis C virus Positive

     Carlsson 2002 (52) Enterovirus None*

     Villalta 2005 (53) Hepatitis C virus Positive

     Ruggeri 2008 (54) Hepatitis C virus Positive

     Sarmiento 2012 (55) Enterovirus, EBV, CMV, Hepatitis 
C virus

Positive

     Tjernberg 2014 (56) RSV Positive

     Abid 2016 (57) Hepatitis B virus Positive

     Tarish 2016 (58) Adenovirus None

     Alaedini 2017 (59) Borrelia None

     Bouziat 2017 (60) Reovirus Positive

CD: celiac disease; CDA: celiac disease autoimmunity; EBV: Epstein Barr virus; CMV: cytomegalovirus; HSV: herpes simplex 
virus; RSV: respiratory syncytial virus.
#= case reports were excluded
*= between these infection during pregnancy and CD development in the offspring
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loss of oral tolerance and T-helper inflammatory immunity to dietary antigens. In CD 
patients anti-Reovirus antibodies were significantly overrepresented in comparison to 
health controls. However, this disruption of the immune homeostasis may not be exclu-
sive to reovirus and their role in the development of CD should be studied prospectively.

Type of delivery
The mode of delivery (vaginal or cesarean section [C-section]) has a strong influence on 
shaping the initial gut microbiota composition. It has been hypothesized that infants 
born by C-section acquire different bacterial communities compared to vaginally de-
livered infants (64), which may influence the short- and long-term immune responses 
to environmental factors, thereby predisposing to autoimmunity (65). Also, the type 
of C-section, emergency vs. elective, has been hypothesized as a different possible 
influencing factor, since the cord blood immune cell phenotypes are affected by stress 
during vaginal delivery and this does not happen by elective C-section (66). In addition, 
infants born vaginally and during emergency C-section are colonized at first by fecal 
and vaginal bacteria of the mother, whereas infants born through elective cesarean 
delivery are exposed initially to bacteria originating from the hospital environment 
and healthcare workers. Infants born by cesarean delivery are characterized by a more 
slowly diversifying microbiota, with a substantial absence of Bifidobacteria species and 
Bacteroides and the presence of facultative anaerobes, such as Clostridium species. 
These differences might influence the development of the mucosal immune system, the 
establishment of a stable intestinal host-microbial homeostasis, as well as the mucosal 
barrier function and ultimately contribute to the risk of acquiring immune-mediated 
diseases, such as CD, later in life (67).

Some studies have identified C-section as a risk factor for the development of CD (68, 
69). However, more recent prospective studies have found no association (70–73) (Table 
7). Recently, a large, observational, register-based, cohort study investigated the asso-
ciation between the type of delivery and the risk of developing CD in two independent 
population cohorts (Denmark, birth cohort 1995–2010 and Norway, birth cohort 2004–
2012) (74). A total of 3,314 children were diagnosed with CD. C-sections were performed 
in 286,640 children, and the mode of delivery was not associated with an increased risk 
of diagnosed CD.

In the above-mentioned Danish cohort, the association between elective C-section and 
diagnosed CD was positive and reached borderline statistical significance after adjust-
ing for year of birth, sex, maternal age, education, parity, gestational age, and weight for 
gestational age (OR: 1.20; 95% CI: 1.00–1.43).
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However, this finding was not replicated in the corresponding Norwegian cohort (OR: 
0.96; 95% CI: 0.79–1.17) (74). Analysis of the data from the Swedish Medical Birth Reg-
ister between 1973 and 2008, comparing cases with villous atrophy with age- and sex-
matched controls from the general population, found a weak association between an 
elective C-section and CD in offspring (adjusted odds ratio [OR] = 1.15), but no increased 
risk for CD diagnoses after an emergency (adjusted OR = 1.02) or any C-section (adjusted 
OR = 1.06) (69). Data from a population- and national register-based cohort including all 
children born in Denmark from January 1997 to December 2012 showed the opposite: 
children delivered by emergency C-section were at an increased risk for CD (adjusted OR 
= 1.22), whereas children delivered by elective C-section were not (adjusted OR = 0.69) 
(68). Thus, despite the plausible hypothesis that mode of delivery affects risk of CD, the 
current literature showed no association between the type of delivery and the risk of CD 
(Table 7).

Antibiotics
The ETIC study found no evidence of increased CD risk with antibiotic use in the first 6 
months of life (61). However, other 2 retrospective studies have shown a positive asso-
ciation between antibiotic use and CD risk (75, 76). A recent analysis of the TEDDY study 
showed that cumulative exposure to β-lactam or macrolide antibiotics, up to 6 months, 
during the first or second year of life and within 6 months before the seroconversion 
period, was not associated with CDA. Also, maternal use of antibiotics during pregnancy 
was also evaluated as a risk factor and did not significantly contribute to CDA risk in 
this study. In conclusion, the role of antibiotics in the development of CD is a topic that 
remains unclear and requires more research.

Table 7. Some of the most relevant studies on type of delivery and the risk for celiac disease

First author, year, study Conclusion

Koletzko 2018, TEDDY (73) No association with CDA or CD

Dydensborg Sander 2018, ETICS (74) No association with CD

Lionetti 2017, CELIPREV (72) No association with CD

Kristensen, 2016 (68) Positive association between emergency CS and CD

Emilsson 2015, MoBa (70) No association between CS and CD

Sevelsted 2015 (71) No association with CD

Marild 2012 (69) Positive association with CD

Decker 2010 (31) Positive association with CD

Roberts 2009 (32) Negative association between CS and CD

CD: celiac disease; CDA: celiac disease autoimmunity; CS: caesarean section
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Microbiota
CD development has also been linked to alterations in the human gut microbiome, which 
is necessary for proper development of the immune system and establishment of oral 
tolerance in early life (65). The contributing role of perturbations in the gut microbiota, 
and of specific enteric bacteria, to gluten-induced immunopathology has been shown 
in animal models (77). PROFICEL, a prospective study of 164 healthy Spanish newborns 
with a first-degree relative with CD and HLA-DQ2 and/or DQ8 positivity, reported an as-
sociation between the HLA-DQ genotype and the intestinal microbiota composition. In 
this study, the HLA-DQ2/8 genotype and the type of feeding (breastfeeding or formula) 
were shown to influence, in conjunction, the composition of the intestinal microbiota 
(78). The high-risk genotype for developing CD (HLA-DQ2, including homozygous HLA-
DQ2.5 or heterozygous DQ2.5/DQ2.2 and DQ2.2/DQ7.5) was associated with reduced 
numbers of Bifidobacterium, specifically of the species B. Longum, compared to the 
rest of the lower-risk genotypes (79). Also, other studies have found similar results; the 
duodenal and fecal microbiota of CD patients is unbalanced, with decreased numbers 
of anti-inflammatory bacteria, such as Bifidobacterium spp. and increased numbers of 
Bacteroides spp., which are only partially normalized after a long-term gluten free diet 
(GFD) (80–82). In a double-blind, randomized, placebo-controlled, interventional trial 
performed in children with newly diagnosed CD, children were randomized to receive 
Bifidobacterium longum or placebo in conjunction with a GFD (83). A decrease in both 
the numbers of the Bacteroides fragilis group and the fecal secretory IgA concentration 
was found, which might further confirm the role of microbiota in the pathogenesis of CD. 
But, so far, studies have failed to find a distinct microbiota profile in patients with CD. 
A sub-study of the PROFICEL project, including 10 CD cases and 10 matched controls, 
suggests altered early proportions of Firmicutes and members of the Actinobacteria 
phylum (B. Longum) in children who later progressed to CD (84). Hopefully, the results of 
the Celiac Disease Genomic, Environmental, Microbiome, and Metabolomic (CDGEMM) 
study, a multicenter, longitudinal study of infants at risk for CD, will provide an answer to 
the question regarding the role of the gut microbiome and the risk of CD (85). CDGEMM 
aims to enroll 500 infants aged 0–6 months with a first-degree family member with CD. 
Health status, anthropometrics, nutritional information, household and environmental 
information, and blood and stool samples are being collected regularly to understand 
the role of the gut microbiome as an additional factor that may play a key role in early 
steps involved in the development of autoimmune disease (85). In conclusion, in the 
field of primary prevention, infant feeding practices have been explored by interven-
tional studies with long-term follow up, but have shown no protection for risk of CD. 
Other possible influences on the development of CD, especially the role of infections 
and the gut microbiome, need further research.
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SECONDARY PREVENTION

Case finding
Secondary prevention focuses on early detection and treatment (Table 8). Active case 
finding refers to the liberal diagnostic testing of subjects with CD-associated symptoms. 
In the general population, this approach has led to the early diagnosis of many patients, 
resulting in significant health improvement after treatment, good compliance with the 
GFD, and good CD-related QoL (86, 87); unfortunately, however, it does not counter the 
entire under-diagnosis of CD (88, 89). Only a small proportion of the undiagnosed pa-
tients are detected with this strategy, since ∼50% of the children in screening-detected 
studies have symptoms at the time of diagnosis (15, 16, 90).

Screening for celiac disease in high-risk groups
Because of the high prevalence of CD among these groups, evidence-based guidelines 
recommend screening for early detection of the disease (7) (Table 8). A plethora of stud-
ies are available on 2 of the populations who belong to these high-risk groups, namely 
first-degree relative of patients with CD and children with type 1 diabetes mellitus 
(T1DM).

Text box

Summary of evidence of effectiveness of possible primary
prevention strategies for celiac disease

Conclusion

Infant feeding
    Breastfeeding
    Breastfeeding at the time of gluten introduction
    Timing of gluten introduction
    Amount of gluten at the time of gluten introduction
(Intestinal) infections
Type of delivery
Antibiotics
Microbiota

No effect
No effect
No effect
Unclear
Unclear
No effect
Unclear
Unknown

Table 8. Secondary prevention strategies for celiac disease

Case finding
Screening in high-risk groups
   First-degree relatives of CD patients
   Type 1 diabetes mellitus
   Autoimmune thyroid disease
   Autoimmune liver disease
   Syndrome: Down, Turner, Williams
   IgA deficiency
Mass screening

CD: celiac disease
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First-degree relatives of  CD patients
Many studies have demonstrated that first-degree relatives (FDRs) of celiac patients 
have a higher risk of developing CD than the general population, with a prevalence 
ranging from 1.6 to 38% (91). Based on a systematic review and meta-analysis, Sing et 
al. (91) reported that the pooled prevalence of CD was 7.5% in 10,252 FDRs (91). The 
risk of developing CD among FDRs is influenced by gender and HLA haplotype (15, 16). 
CD occurs more often in girls (female: male ratio of 2–3:1), and HLADQ2 homozygous 
children have a significantly higher risk of developing CD than HLADQ2 heterozygous 
children (14.9 vs. 3.9%, respectively, at the age of 3 years) (15).

Children with conditions/diseases associated with CD
The prevalence of CD in patients with T1DM has been reported by most studies as rang-
ing between 4 and 10% (92). Many children with T1DM and CD are asymptomatic or at 
least symptoms of CD have not been observed. In these cases, CD may only be detected 
by serologic screening. However, it has been shown that strict adherence to a GFD was 
< 30% in children with both CD and T1DM, compared to 81% among patients with CD 
only (93). Maintaining a strict GFD in addition to a diabetic diet requires additional time, 
effort, and expense. Evidence is inconclusive as to whether the benefits of screening and 
potentially treating asymptomatic individuals outweigh the harms of managing a popu-
lation already burdened with a serious illness. The Celiac Disease and Diabetes-Dietary 
Intervention and Evaluation Trial (CD-DIET) (ClinicalTrials.gov Identifier: NCT01566110) 
involves screening of children and adults with T1DM for asymptomatic CD, followed 
by randomization to a GFD or no-GFD group, to assess outcomes (including diabetes 
control, bone mineral density, and HRQoL) over 1 year to clarify effects of screening and 
treating asymptomatic CD in this population with a GFD (94).

Mass screening
Screening the general population, also called mass screening, would theoretically be 
the best form of secondary prevention since it could potentially detect all cases of CD, 
including those in asymptomatic patients as well as those in patients who lack symp-
toms. Results from most screening studies performed in the general population sug-
gest that symptoms are not reliable predictors of CD (15, 95, 96), reinforcing the place 
of mass screening as the best strategy for secondary prevention of CD enabling early 
treatment to reduce the burden of morbidity and mortality associated with untreated 
CD (97, 98). However, mass screening for CD is still debated, partly because evidence 
has been lacking on the accuracy of diagnostic tests and on the health benefits after 
diagnosis and treatment of asymptomatic detected patients. This uncertainty also af-
fects the cost benefit of mass screening, which is needed for implementation of mass 
screening for CD (99, 100). Most studies on the diagnostic accuracy of diagnostic tests 
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for CD have been conducted in symptomatic patients (101, 102). Because the positive 
predictive value declines when the test is used in settings with a low pre-test prevalence, 
such as the general population, the sensitivity and specificity of these tests are lower in 
the setting of mass screening. Recently, a prospective study performed in Rotterdam 
has shown a positive predictive value of 81% for CD in the general pediatric popula-
tion (96). These authors also showed that undiagnosed CD is associated with a lower 
body mass index compared to controls at the age of 9 years (96) and associated with 
fetal growth restriction and lower birth and placental weight during pregnancy (8). Ad-
ditional information about the importance and effectiveness of screening comes from a 
population-based-screening study performed in Sweden; this study showed that at 10 
years of age, children with CD detected by screening already had reduced bone mineral 
density in the total body and spine compared with age-matched controls. These dif-
ferences were not found in children with CD on a GFD from 3 years of age, indicating 
that children with screening-detected CD benefit from early diagnosis and treatment 
(103). The data on the benefits and harms of screening are limited. Only one randomized 
trial evaluated the effectiveness of GFD vs. no GFD in apparently asymptomatic adults 
with screen-detected CD and found that initiation of a GFD in screen-detected adults 
with unrecognized symptoms was associated with improved gastrointestinal symptoms 
(104). Other traditional reason against mass screening is that adherence to the GFD in 
minimally or asymptomatic patients would be lower than in symptomatic patients and 
that the QoL is decreased in screening-detected CD patients following a GFD. However, 
10 years of follow up among Dutch children and the results of a sub-study from the ETICS 
project showed similar adherence rates to the GFD in screening detected children com-
pared with clinically detected children (105, 106). No significant differences in HRQoL 
were observed between screening-detected and symptom-detected adult patients (107, 
108). Furthermore, a systematic review and meta-analysis on dietary adherence and 
HRQoL in adult patients with CD detected by screening showed a significantly lower 
HRQoL after 1 year of treatment with a GFD in symptom-detected patients compared to 
screening detected patients (109). Despite the aforementioned literature that is positive 
about screening of the general population, the current literature recommending mass 
screening is limited.

TERTIARY PREVENTION

Gluten-free diet (GFD)
Tertiary prevention focuses on reducing the impact of existing disease by improved 
treatment (Table 9). One of these strategies involves optimizing adherence to the GFD. 
Complete removal of gluten from the diet is a challenge, as gluten is present in a wide 
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variety of foods. However, since the introduction of allergen labelling in the European 
Union (EU) in 2005, gluten cannot be hidden in products. The amount of gluten capable 
of initiating an antigenic reaction has been estimated to be >20 mg/kg (or parts per mil-
lion = ppm) of gluten, and contamination below 20 ppm is considered safe over a wide 
range of foods in daily consumption.

Improving monitoring of and adherence to the GFD
Dietitian
Due to the complexity of the GFD, it is essential that newly diagnosed patients be re-
ferred to a dietitian with expertise in CD. A delay in referral, or no referral at all, increases 
the likelihood of the patient obtaining inaccurate information from the Internet, health 
food stores, alternative health practitioners, family, friends, and other sources, often 
resulting in confusion, frustration, and insufficient knowledge regarding CD and the GFD 
(110). Gluten-containing cereals, such as wheat, barley, and rye, are important sources 
of dietary iron, calcium, folate, and vitamin B12. As the treatment of CD with a GFD can 
lead to nutritional deficiencies, the support of a dietitian is necessary to avoid these 
deficiencies. Also, consultation with someone with knowledge in the field of replace-
ment (gluten-free) products, such as amaranth, buckwheat, quinoa, sorghum and teff, 
is of great importance and could improve intakes of protein, iron, calcium, and fibre by 
patients with CD (111).

Validated food questionnaires
A dietary interview to assess compliance with the GFD is the best way to detect errors 
in GFD adherences among children and young adults, but it is time-consuming (20–30 
min per patient) and requires expert personnel. Several short questionnaires have been 
developed to measure GFD adherence in order to save time, and while some are not 
sensitive enough, others are useful in assessing compliance to the diet (112). With the 
increasing use of self-assessment and alternative follow-up methods for CD patients, 
including electronic patient records and E-health tolls, completing questionnaires be-

Table 9. Tertiary prevention strategies for celiac disease

Strategy Successful

Optimal adherence to the GFD
Treatment options for CD other than a GFD
    Larazotide acetate
    Endopeptidases
       Latiglutenase (ALV003)
      Aspergillus niger prolyl endoprotease (AN-PEP)
Desensitization therapy (therapeutic vaccine)

Yes

Unclear

Unclear
Unclear
Unknown

CD: celiac disease; GFD: gluten-free diet
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fore or during a medical consultation should be easily implemented in the healthcare of 
children and young adults with CD (113).

Measurement of gluten immunogenic peptides (GIPs)
Available methods to assess GFD compliance are time-consuming and are also insuf-
ficiently sensitive to detect occasional dietary transgressions that may cause gut mu-
cosal damage. Determination of serum TG2A is usually used during the follow-up of a 
patient on a GFD, as this marker improves with gluten elimination (114). However, it 
has been reported that even while following a GFD, children and women with CD have a 
much higher prevalence of gastrointestinal symptoms than controls, and they also use 
healthcare services more often (115). As mucosal damage may still persist without TG2A, 
antibody testing may be negative in patients with only partial adherence to the GFD 
(116). Therefore, it is necessary to have a non-invasive biomarker to monitor compliance 
with the GFD. Certain GIPs are resistant to gastrointestinal digestion and can interact 
with the immune system of patients with CD to trigger an autoimmune response against 
transglutaminase and other antigens. A proportional fraction of the GIPs absorbed in 
the gastrointestinal tract make it to the circulation and are excreted in urine. GIPs are 
detectable in concentrated urines and may be useful in clinical practice as a monitoring 
tool to follow-up compliance with the GFD. GIPs are detected in urine samples 6–48 h 
after gluten intake (>25 mg) and remained detectable for 1–2 days (117).

Treatment options for CD other than the GFD
Several other treatments aimed at different pathogenic targets of CD have been studied 
in recent years: modification of gluten to produce non-immunogenic gluten, endolu-
minal therapies to degrade gluten in the intestinal lumen, increasing gluten tolerance, 
modulation of intestinal permeability, and regulation of the adaptive immune response. 
However, not all of these therapies have been tested in clinical trials (yet). The most 
advanced studies are devoted to larazotide acetate and prolyl-endopeptidases degrad-
ing toxic gluten peptides and to therapeutic vaccination.

Larazotide acetate
Patients with active CD have increased intestinal permeability. Zonulin, a modulator of 
epithelial tight junctions, is overexpressed in these patients. Release of zonulin in re-
sponse to binding between gliadin peptides and a specific chemokine receptor (CXCR3) 
results in a measurable reduction in the usual intestinal barrier and allows enhanced 
passage of gliadin. This mechanism has been the target of advanced research that led 
to the development of larazotide acetate (AT-1001), an octapeptide that inhibits gliadin-
induced intestinal permeability. Several phase I and II clinical trials have confirmed 
the safety of this agent and suggest a potential beneficial effect of larazotide (118, 
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119). Additionally, patients who were treated with larazotide acetate had significantly 
fewer symptoms (patient reported Celiac Disease Gastrointestinal System Rating Score) 
compared with those taking a placebo (120–122). A dose-response effect was not seen, 
with the most benefit encountered at the lowest (0.5 mg) of 4 dosages administered 
(121); however, this study did not measure histologic endpoints, and larazotide had no 
significant effect on serologic levels of specific CD antibodies as TG2A.

Endopeptidases
The gluten peptides, which are responsible for inducing the immunological response in 
CD patients, are rich in proline and are highly resistant to enzymatic proteolysis within 
the digestive tract. For many years, there have been studies conducted to investigate 
the effectiveness of orally administered prolyl oligopeptidases in the degradation of 
toxic gliadin peptides before they reach the mucosa of the small intestine. Latiglute-
nase (ALV003, Alvine Pharmaceuticals, San Carlos, CA, USA) is an orally administered 
mixture of 2 recombinant gluten-specific proteases—a cysteine protease (EP-B2) and a 
prolyl endopeptidase (PEP)—which have been shown in vitro to degrade gluten (123). 
Both endopeptidases are active and stable at gastric pH (124). In a Phase 2 study with 
ALV003, adults with biopsy-proven CD were randomly assigned to groups receiving 
ALV003 or placebo, together with a daily 2 g gluten challenge. Upper endoscopy was 
performed at baseline and after the gluten challenge. Primary endpoint included the 
villus height to crypt depth ratio and CD3+ intra-epithelial lymphocytes (IEL) density. 
Serologic markers and symptoms were also assessed. In the ALV003 group, there were 
no changes in histological measures, while in the placebo group, evidence of mucosal 
injury was shown after gluten challenge. In contrast, no differences were seen in symp-
toms and serologic markers of CD in both groups. In a phase 2 study involving patients 
with symptomatic CD and histologic evidence of significant duodenal mucosal injury, 
ALV003 did not improve histologic and symptom scores when compared with placebo 
(125). However, a subgroup-analysis of the study showed a statistically significant, dose-
dependent reduction in the severity and frequency of symptoms in seropositive but not 
in seronegative patients (126).

Aspergillus niger prolyl endoprotease (AN-PEP; DSM, Heerlen, The Netherlands) is also 
an endopeptidase, isolated from the fungus Aspergillus niger. The enzyme is active be-
tween a pH of 2 and 8, with an optimum activity at pH 4–5, thus, in the stomach and small 
intestine (127). In a randomized, placebo-controlled, crossover study, 18 self-reported 
gluten-sensitive subjects consumed a porridge containing 0.5 g gluten together with two 
tablets containing either a high or low dose of ANPEP or placebo. Gastric and duodenal 
contents were sampled over 180 min. The primary outcome was defined as the efficacy 
of the high dose of AN-PEP compared with placebo in degrading at least 50% of gluten, 
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based on the amount of gluten detected in the duodenum. The researchers concluded 
that the AN-PEP enzyme is effective in degrading small amounts of gluten as part of a 
complex meal in the stomach, but it is not intended to replace a GFD in patients with 
gluten-related disease (128). In a Phase 2a double-blinded, placebo-controlled, random-
ized trial, 16 CD patients on a GFD, who were in serological and histopathological clinical 
remission, were administered AN-PEP or a placebo with gluten-containing toast (∼7 g/
day gluten). The mean score for the gastrointestinal subcategory of the CD quality (CDQ) 
was relatively high throughout the study, indicating that AN-PEP was well-tolerated. In 
the efficacy phase, the CDQ scores of patients consuming gluten with placebo or gluten 
with AN-PEP did not significantly deteriorate and, moreover, no differences between the 
groups were observed. Larazotide and PEPs will not become an alternative to the GFD 
and their potential role as therapeutic agents for CD remain unclear.

Desensitization therapy (therapeutic vaccine)
NexVax2 from ImmusanT is a desensitizing vaccine that uses three dominant gluten pep-
tides administered subcutaneously to induce an immune response in CD patients who 
carry the immune recognition gene HLA-DQ2.5, which accounts for disease in 80–90% of 
patients. The aim of the vaccine is to use peptide-based immunotherapy to shift the Tcell 
response from pro-inflammatory to regulatory, in order to restore immune tolerance to 
gluten. Phase 1b clinical trials of this vaccine have recently been completed supporting 
the safety, tolerability and relevant bioactivity of Nexvax2 (129).

CONCLUSIONS

•	 Celiac disease is a common autoimmune disorder induced by ingestion of gluten in 
genetically susceptible individuals.

•	 Only a minority of those who are at genetic risk develop the disease.
•	 The incidence of CD has increased over the last half-century, resulting in rising inter-

est in identifying risk factors for CD to enable prevention.
•	 Environmental and/or lifestyle factors play a causal role in the development of CD.
•	 For primary prevention (i.e., interventions before CD occurs), early feeding practices 

seem to have no impact on the risk of developing CD during childhood. Other envi-
ronmental influences have been investigated as potential risk factors; however, they 
have not yet led to primary prevention strategies.

•	 Secondary prevention is possible through early diagnosis and treatment; however, it 
will not identify all CD patients as long as mass screening has not been introduced.
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•	 As a gluten-free diet is a major challenge, tertiary prevention strategies are under 
evaluation; however, none of these measures are currently recommended as treat-
ment.
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ABSTRACT

Introduction: Celiac disease (CD) occurs in 1% of the population, develops early in life 
and is severely underdiagnosed. Undiagnosed and untreated disease is associated with 
short- and long-term complications. The current health care approach is unable to solve 
the underdiagnosis of CD and timely diagnosis and treatment is only achieved by active 
case-finding. Aim: to perform a case-finding project to detect CD children who visit the 
Youth Health Care Centres (YHCCs) in a well-described region in the Netherlands to show 
that it is feasible, cost-effective and well accepted by the population.

Methods/analysis: Prospective intervention cohort study. Parents of all children aged 
12 months-4 years attending the YHCCs for a regular visit are asked if their child has 
one or more CD-related symptoms from a standardized list. If so, they will be invited to 
participate in the case-finding study. After informed consent, a point of care test (POCT) 
to assess CD-specific antibodies against tissue-transglutaminase (TG2A), is performed 
onsite the YHCCs. If the POCT is positive, CD is highly suspected and the child will be 
referred to hospital for definitive diagnosis according to the ESPGHAN guideline.
Main outcomes: 1. incidence rate of new CD diagnoses in the study-region in comparison 
to the rest of the Netherlands.
2. Feasibility and cost-effectiveness of active CD-case-finding at the YHCCs. All costs of 
active case- finding, diagnostics and treatment of CD and the potential short- and long-
term consequences of the disease will be calculated  for the setting with and without 
case-finding.
3. Ethical acceptability: by questionnaires on parental and healthcare professionals’ 
satisfaction.
A statistical analysis plan (SAP) has been written and will be published on the GLUTEN-
SCREEN-website.

Ethics and dissemination: The Medical Ethics Committee Leiden approved this study. 
If we prove that case-finding at the YHCC is feasible, cost-effective and well accepted by 
the population, implementation is recommended.
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INTRODUCTION

Celiac Disease (CD) is an immune-mediated systemic disorder elicited by the ingestion 
of gluten containing cereals from the normal diet (among others wheat, rye and barley) 
in genetically susceptible individuals. CD is characterized by a variable combination 
of gluten-dependent clinical manifestations, CD specific antibodies, HLA-DQ2 or HLA-
DQ8 haplotypes and enteropathy[1, 2]. CD has a frequency of at least 1% in the general 
population, i.e., 168,000 individuals and 33,600 children in the Netherlands[3-6]. It is the 
most common food intolerance in the Netherlands and therefore a significant public 
health problem. CD is frequently unrecognized, partially because of its variable clinical 
presentations and symptoms, ranging from malabsorption with chronic diarrhea, poor 
growth in children and weight loss, to nonspecific signs and symptoms like chronic 
fatigue, osteoporosis/reduced bone mineral density, iron-deficiency anaemia, anorexia, 
chronic abdominal pain, vomiting, flatulence, irritability, elevated liver enzymes or 
constipation[1, 7]. CD has a considerable health burden for society. In addition to the 
signs and symptoms, untreated disease is associated with long-term complications such 
as delayed puberty, neuropsychiatric disturbances, associated autoimmune disease, 
miscarriages, small-for-date-births, osteoporosis, and, rarely, malignancy[1, 8]. CD 
increases the overall mortality risk, reduces the quality of life (QoL) and yields extensive 
negative economic consequences, thereby presenting a resource challenge for current 
and future health systems[9, 10, 11].

In 1999 our research group published that childhood CD in the Netherlands was severely 
underdiagnosed: for every child diagnosed with CD, there were seven who have unrec-
ognized, and therefore untreated disease[12]. Data from the National Dutch Pediatric 
Surveillance Unit (DPSU) show 1107 new cases in 2010-2013 of clinically diagnosed CD 
in children 0-14 years[13, 14]. The percentage of children diagnosed with CD <2 years of 
age was 30%, and < 4 years of age was 50%. Those were also the children with the most 
severe clinical presentations[13, 14].

DPSU is a unique registry of the Dutch Society of Pediatrics, comprising of all Dutch 
pediatric practices. Under it, Dutch pediatricians are asked to report newly diagnosed 
cases of certain diseases (CD in our case). DPSU respondents have a 90% mean response 
rate. The incidence of 1.56/1000 live births in 2010-2013 does not correspond to the 
prevalence in the general population [13, 15]. This illustrates that the current standard 
health care is not able to solve the problem. Once diagnosed, the patient’s health status 
improves after treatment with a gluten free diet (GFD), but prevention would be more 
beneficial[7, 16].
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Results from recent prospective studies have shown that primary prevention of CD by 
improving the timing of gluten introduction and/or the duration or maintenance of 
breast-feeding is not possible[17-21]. For this reason, early diagnosis and treatment 
of CD represents the only way to (secondary) prevention. There are two approaches to 
achieve this: mass screening and case-finding. The Medical Ethics Committee (METC-
Leiden Den Haag Delft, METC-LDD) considered the current evidence  insufficient to 
assess the balance of benefits and harms of screening for CD in asymptomatic children 
(mass screening),[22, 23]. Consequently, we propose an active case finding project in 
symptomatic children in a Youth Health Care Centres (YHCC) region in the Netherlands 
to achieve secondary prevention of the disease. Active case-finding refers to liberal diag-
nostic testing of patients with CD-associated symptoms. In the general adult population, 
this approach has led to the early diagnosis of a large number of patients, resulting in 
significantly health improvement after treatment, good compliance with the GFD and 
good CD related QoL[24, 25].

In the Netherlands, more than 95% of all children 0 months-4 years visit the YHCCs[26]. 
The goal of YHC is to promote and secure the health and safety of all children 0-18 
years,[27]. YHC aims at primary and secondary prevention of diseases in order to 
promote healthy growth and development. Secondary prevention (early diagnosis and 
treatment) of CD therefore fits within the goals of YHC. The validated, rapid point of 
care test (POCT) to determine CD specific antibodies represent a reliable, cheap, and 
easy-to-use instrument for CD case-finding in children[28]. Therefore, early detection of 
CD by case finding in the YHCCs offers a “window of opportunity” to identify CD as soon 
as possible preventing more severe symptoms and complications of the disease.

Aims and hypothesis
The aim of the present study is to perform a novel case-finding project to detect CD in 
12 months-to 4 years old children who visit the YHCCs in a well-described region in the 
Netherlands, to show that it is feasible, cost-effective and well accepted by the popula-
tion. We hypothesize that GLUTENSCREEN is feasible, cost-effective and well-acceptable 
by the general population. To achieve this, GLUTENSCREEN will compare the results of 
the case-finding strategy to the outcome of current healthcare in the diagnosis of CD in 
children in the rest of the country.
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METHODS AND ANALYSIS

Study design
The study is a prospective intervention cohort study. The project started the 4th of Feb-
ruary 2019 and will end the 1st of February 2023 (with interruption of 5 months due to the 
COVID pandemic). All parents of children aged 12 months-4 years attending scheduled 
visits to the YHCCs in the region Midden and Zuid Kennemerland, to be further called 
“Kennemerland” will be informed. At the YHCC a standardized questionnaire on CD-
related symptoms will be checked (annex 1). Symptoms are reported by the parents. 
Weight and growth are controlled at the YHCC. If one or more CD-associated symptoms 
(including growth restrictions) are present, the child is eligible for the study. The 
CD-related symptoms (see annex 1) are based on the recommendations of CD testing 
(taking into account the absence of previous laboratory or other investigations, and the 
age of the project population) in symptomatic children and adolescents in the Guideline 
Celiac Disease of the European Society for Pediatric Gastroenterology, Hepatology and 
Nutrition (ESPGHAN)[1].

Control population
A national control group is based on the data reported by DPSU. Dutch pediatricians 
are asked by the DPSU to report newly diagnosed cases of certain diseases (CD in our 
case) monthly during the time of this case-finding project. The CD cases are clinically 
diagnosed by the pediatricians to the current standard of care. DPSU respondents have 
a 90% mean response rate. The cases of clinically diagnosed CD in the study region will 
be identified by the data of the YHCC.

Inclusion and exclusion criteria
Inclusion criteria are: 1. 12 months to 4 years of age, 2. following a gluten containing 
diet, 3. one or more CD-associated symptoms (annex 1), 4. parents have a sufficient 
knowledge of Dutch language, 5. informed consent. Exclusion criterium: 1. diagnosed 
with CD

Recruitment and procedure
Eligible children will be identified by the YHCC administration. During 2.5 years, the 
parents/legal guardians (from this point on called “parents”) will receive an advance 
invitation from the YHCC Kennemerland with information about the study. During the 
regularly scheduled visit at the YHCC, the nurse or the doctor will check the symptoms 
list (annex 1); if one or more CD-associated symptoms are present, the nurse/doctor will 
give the parents the information letter and informed consent form and, after informed 
consent is given, she/he will make a new appointment to perform the POCT. The POCT 
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for TG2A will be performed. The symptoms list and informed consent form will be stored 
in a separate file in the child’s electronic record.

Intervention
After informed consent a validated POCT to determine CD specific antibodies (TG2A, 
Celiac Quick Test; BioHit Oyj, Finland) which is also suitable for Immunoglobulin A 
(IgA)- deficient patients will be performed. It requires 1 drop of fresh blood, obtained by 
finger-prick. The result (positive/negative) should be interpreted after 10 minutes. If the 
result is negative (no TG2A) the child is considered to not have CD and the procedure is 
finished for this child. If the POCT is positive, the child will be referred to the pediatric-
gastroenterologist for further investigation for CD diagnosis at the Outpatient Clinic of 
the Department of Pediatric-Gastroenterology of the Leiden University Medical Center 
(LUMC) in the following 3 weeks. In the LUMC, CD will be diagnosed according to the 
ESPGHAN guidelines,[1, 2]. A second visit (face-to-face or by telephone, depending on 
parental preference) will be scheduled 14 days later to discuss results. There are 3 pos-
sible outcomes:
1. CD ruled out: No further follow-up is needed.
2. CD likely, but unproven; diagnostic duodenal biopsies are advised.
3. CD is diagnosed. The patient/parents will be counselled on treatment and follow-up.

If an endoscopy to obtain duodenal biopsies under general anaesthesia is advised, the 
parents will receive written information on the procedure, as all other parents do in the 
outpatient clinic when this procedure is advised. Parents have to give oral informed con-
sent for this procedure, and this will be noted in the patient’s medical record. The pro-
cedure will be carried out per usual LUMC regulations. Biopsies will only be performed 
when medically indicated for the child and not just for purpose of scientific research.

Training and protocol adherence
To perform the POCT, the YHCC healthcare professionals followed a training provided 
by the employees of BioHit and according to the manufacturer’s instructions. To pre-
vent protocol drifting they receive monthly supervision by a senior clinical physician. 
All POCT results are photographed and stored in the electronic patient’s file. Monthly, 
the researchers and the senior clinical physician of the YHCC evaluate the organization, 
procedure and results.

Outcome measures
The main study outcomes are:
1. The incidence rate of new CD diagnoses in the study region Kennemerland in com-

parison to the rest of the Netherlands.
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2. Cost-effectiveness of active case-finding of CD in the YHCCs compared to standard 
care.

3. Ethical acceptability: by questionnaires on parental satisfaction and health care 
professionals.

Data collection
The result of the POCT will be noticed in the medical file as well as the diagnosis after 
further investigation. Diagnostic tools and consultations after a positive POCT will be 
noticed in a database and in the medical file of the child.

Parents of children who visit the YHCC and/or participate in GLUTENSCREEN, will be 
asked to fill in standardized questionnaires on their opinion regarding the actual case-
finding and on mass screening for CD. We will ask the opinion of 1) Parents of  asymp-
tomatic children, (by definition  excluded for participation in case-finding); 2) Parents 
who decline participation in the study; 3) Parents participating in the case-finding and 
4) Parents of children with suspected CD by the case-finding procedure who will be 
referred to the hospital for definitive CD diagnosis. Also, the health care professionals 
in the YHCCs with various tasks within GLUTENSCREEN will also be asked to give their 
opinion about the case-finding.

Costs of active case-finding, diagnostics and treatment of CD and they  will be compared 
to the costs of diagnostics and treatment of standard care.  The costs of active case-
finding are the costs of discussing the symptoms list, measurement of TG2A by POCT 
and the diagnostic costs after a positive test (repeated TG2A measurement, endomysium 
antibodies (EMA), human leucocyte antigen (HLA)-typing, biopsy, pediatric consultation 
etc.). These costs will be measured in the prospective intervention cohort study. Cost of 
measurement of TG2A levels include time needed from YHC professionals and cost of test 
equipment and materials. Resource use after a positive test will be measured by means 
of a case record form.  Information on diagnostic procedures of clinically diagnosed CD 
will be collected by the DPSU and the Dutch Celiac Society (NCV), supplemented with 
parent questionnaires on healthcare use outside the hospital. Health care use will be 
valued according to the Dutch guideline for costing research[29].

In addition, an estimate for the costs of long-term consequences of undiagnosed CD as 
delayed puberty, neuropsychiatric disturbances, dental enamel hypoplasia, associated 
autoimmune diseases, miscarriages, small for date-births, osteoporosis, and (rarely) 
malignancy will be made based on literature. Together with the comparison of the cost 
of diagnosis and treatment of CD between a situation with and without case finding, 
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this will give an estimate for the cost-effectiveness of active case-finding compared to 
standard care for a lifetime horizon.

Withdrawal
Subjects can leave the study at any time for any reason if they wish to do so without 
any consequences. The investigator can decide to withdraw a subject from the study for 
urgent medical reasons. The parents of children who withdraw are asked to fill in the 
questionnaire on acceptability.

Sample size
We assume that in the Dutch population outside the case-finding project, the incidence 
of children 1-4 years old with a diagnosis of CD equals 0.62/1000 children’s years.  With 
2.5 years inclusion period, we expected 5434 children taking the POCT would give  high 
power (about 95%) to detect an at least two times higher incidence rate in the study 
region (alpha 5%). We expected 60% of the children to be symptomatic, and 60% par-
ticipation of those symptomatic children in the POCT, so 15,100 children would need to 
be requested for participation, in order to obtain 5434 children available for case-finding 
using a rapid POCT. Since the population in the YHCCs in the Kennemerland region is 
approximately 12,000 children/year with additional 4,000 added per year and 2.5 years 
of study duration was considered sufficient to achieve sufficient sample size. When in 
March 2020 the study had to be interrupted for 5 months due to the COVID pandemic, 
the sample size calculation was re-evaluated based on the results up to that moment, 
including the number of cases found in the study region in the first year of the study. 
Based on this evaluation, it was decided that the original inclusion period of 2.5 years 
could be retained.

Statistical analyses
For the primary analysis, the incidence rate in the case-finding population will be cal-
culated along with a 95% confidence interval and will be compared with the incidence 
rate in the Netherlands, obtained from the DPSU, in the same period assuming the latter 
has no sampling variability (so using the incidence rate in the rest of the Netherlands as 
a fixed reference value).

 All costs of active case finding, diagnostics and treatment of CD and the potential short-
term consequences of the disease will be calculated for the setting with and for the 
cost-effectiveness without active case finding. Healthcare use will be valued according 
to the Dutch guideline for costing research. For the acceptability descriptive and uni-
variate logistic regression analyses will be performed comparing the answers from the 
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different groups. Also, univariable logistic regression analysis of negative feelings and 
POCT-result in relation to acceptability will also be done.

Ethics approval
The study is approved by the Medical Ethics Committee of the Leiden University Medi-
cal Centre. All study data will be handled confidentially and coded with a unique study 
number. Only the research team will have access to the data. A data management plan 
is available.

DISCUSSION
Several studies have shown that an active case-finding strategy in the primary care set-
ting is an effective means to improve the (early) diagnostic rate of CD and to achieve 
secondary prevention[24, 25].

National guidelines on the diagnosis and treatment of CD published in 2008 recom-
mend testing for CD in patients with a wide spectrum of intestinal and extra intestinal 
manifestations, in asymptomatic family members of CD cases and in groups with related 
conditions. This approach, together with  the availability of reliable CD antibody tests, 
have led to a rise in the incidence of diagnosed CD in Dutch children from 1.21/1000 
live births in 2000 to 1.56/1000 live births in 2010-2013. Nevertheless, the increased 
incidence rate does not closely correspond to its frequency in the general population. In 
the Generation-R project, a population based prospective cohort study, the prevalence 
of CD at 6 years of age was 1.5%. Due to the shift in CD presenting symptoms towards 
a milder form, the delay from first symptoms to CD diagnosis has been reported to be 
unacceptably long, at between 5–10 years for many persons and so the need for earlier 
diagnosis has been advocated. Early diagnosis is expected to reduce serious clinical CD. 
Data from the DPSU shows that 50% of the 1107 new cases of clinically diagnosed CD 
in children aged 0-14 years between January 2010 and December 2013 were < 4 years. 
These young children had the most severe symptoms of CD, including chronic diarrhoea 
and weight loss (71.0%) or wasting/failure to thrive (65.9%),[13, 14]. Therefore, with 
active case finding we aim to prevent the most serious manifestations of childhood CD.

Our study has several strengths: first, to the best of our knowledge, this is the first ini-
tiative for active case finding in the general population in the Netherlands. Since the 
majority of the children aged 1-4 years visit the YHCC, the study will  provide insight into 
the incidence of childhood CD in symptomatic children in the Netherlands.  Second, the 
actual health costs of the diagnosis of childhood CD and the cost-effectiveness of active 
case-finding in the Netherlands have never been prospectively investigated. Third, this 
study will provide important information about the acceptability of the general Dutch 
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population concerning active case finding and in addition about the willingness of 
parents of asymptomatic children to participate in a mass screenings project on CD.

It would also have been interesting to explore the possibility of HLA determination at the 
YHCCs. Since more than 95% of CD patients carry these HLA haplotypes, their presence 
is valuable in identifying the population that may develop CD. In the Netherlands, about 
40% of the general population is HLA DQ2 or DQ8 positive and the presence of these 
haplotypes is thus not discriminative for the disease. On the other hand, repeated CD 
testing will be unnecessary in HLA-DQ2/DQ8 negative individuals. However, HLA-DQ 
typing currently present important drawbacks for it to be used outside the hospital. 
There are no rapid tests since DNA preparation takes time. Material for DNA extraction 
can be obtained from whole blood (minimum quantity 4-5 ml) or from other cells, such 
as cheek mucosa. Venepunctures are not feasible at YHCCs. Obtaining cheek cells by 
smoothly brushing the buccal mucosa is a possibility, but the necessary mechanisms 
to store and transport the material poses logistical and economic challenges. The costs 
of transport, DNA extraction, HLA-typing and distribution of tests results are likely to 
increase the costs of the active case-finding.
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ABSTRACT

BACKGROUND AND AIMS: Screening for celiac disease (CD) is recommended in children 
with affected first-degree relatives (FDR). However, the frequency of screening and at 
what age remain unknown. Aims: to detect variables influencing the risk of CD-devel-
opment and develop and validate clinical prediction models to provide individualized 
screening advice.

METHODS: Analysis of prospective data from the ten years follow-up of the PreventCD-
birth cohort involving 944 genetically predisposed children with CD-FDR. Variables 
significantly influencing the CD-risk were combined to determine a risk score. Landmark 
analyses were performed at different ages. Prediction models were created by multivari-
able Cox proportional hazards regression analyses, backward elimination and Harrell’s 
c-index for discrimination. Validation was done using data from the independent NeoCel 
cohort.

RESULTS: In March 2019, the median follow-up was 8.3 years (22 days-12.0 years); 
135/944 children developed CD (mean age 4.3 years (1.1-11.4). CD developed significantly 
more often in girls (p=0.005) and in HLA-DQ2 homozygous individuals (8-year cumula-
tive incidence 35.4% versus maximum of the other HLA-risk groups 18.2% [p<0.001]). 
The effect of homozygosity DR3-DQ2/DR7-DQ2 on CD-developing was only present in 
girls (interaction p=0.04). The prediction models showed good fitting in the validation 
cohort (Cox regression 0.81(0.54)). To calculate a personalized risk of CD-development 
and provide screening advice, we designed the Prediction application https://hputter.
shinyapps.io/preventcd/.

CONCLUSION: Children with CD-FDR develop CD early in life, and their risk depends on 
gender, age and HLA-DQ: all factors which are important for a sound screening advice. 
These children should be screened early in life, including HLA-DQ2/8-typing, and if 
genetically predisposed to CD, should get further personalized screening advice using 
our Prediction app.
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INTRODUCTION

Celiac disease (CD) is a common autoimmune disorder caused by the ingestion of glu-
ten in genetically susceptible individuals. It is characterized by CD-specific antibodies 
and HLA-DQ2 and/or HLA-DQ8 haplotypes.1 CD affects as many as 1-3 % of the general 
population.2,3 Among first-degree relatives (FDR) of CD patients, the disease prevalence 
is much higher, being approximately 10-20% depending on the HLA-DQ and gender.4-6 
This has been prospectively evaluated among others in the PreventCD cohort, consist-
ing of 944 children with at least one FDR with CD and HLA-DQ2 and/or HLA-DQ8. The 
children were enrolled at birth between 2007 and 2010 in Croatia, Germany, Hungary, 
Israel, Italy, the Netherlands, Poland and Spain. Initially, a randomized, double-blind, 
placebo-controlled dietary intervention was performed and the results, published in 
2014 in the New England Journal of Medicine, showed that the early introduction of 
small quantities of gluten and/or breastfeeding did not reduce the risk of CD at three 
years of age.5 The data of the follow-up of the PreventCD cohort at the mean age of ten 
years offers a unique opportunity to study the natural development of CD in children 
from high-risk families. The aims of this study were, (i) to detect variables that influence 
the age-dependent risk of CD development in children with affected FDR, and (ii) to 
build clinically applicable prediction models for CD development among these children 
to allow for personalized advice for their CD screening.

MATERIALS AND METHODS

PREVENTCD-COHORT
CD diagnosis
Data was frozen on 29th March 2019. All children were assessed regularly from birth 
onwards for CD development at pre-defined intervals, including seven times during the 
first three years of age and thereafter annually or at least once between March 2016 and 
March 2019.5 We monitored parent-reported health status, weight and height, gluten 
consumption (up until the age of three years, quantified using standardized question-
naires) and serum IgA against anti-transglutaminase (TGA) (Supplementary Appendix).

(Parents of) children with elevated TGA and/or CD symptoms suggestive of CD, were 
offered small bowel biopsies to confirm the diagnosis. The date of CD diagnosis was 
defined as the date of small bowel biopsy or as the date on which TGA were highest. 
Given that TGA were determined at variable intervals starting from 3 years of age, we 
considered the age of CD development to be midway between the age at which the last 
negative TGA was determined and the date of CD diagnosis.
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The study was approved by all medical ethics committees of the participating centers. 
All the authors had access to the study data and had reviewed and approved the final 
manuscript.

Statistical methods
The statistical analysis plan (SAP) was published online on 29 March 2019 before the 
analyses were performed using R version 3.6.1 (Supplement 2, pages 83-90 and https://
www.preventcd.com/images/stories/Downloads/2019-0402%20Statistical%20Analy-
sis%20Plan_PreventCD_final.pdf). In case a child was lost to follow-up, the child was 
treated as censored on the date of last visit/TGA determination. For univariate compari-
son of cumulative incidences of CD between groups, the log-rank test (two-sided) was 
used.

Prediction models
To develop the models, all the factors that significantly influenced the risk of CD devel-
opment were combined into a risk score.

Baseline model
Multivariable Cox proportional hazards regression analysis of the baseline was per-
formed in two steps. In the first step, three primary variables already known at the 
child’s birth (gender, HLA-risk group, number of affected FDR, table 1) were entered 
into the model, irrespective of statistical significance. In accordance with our previous 
publication, we analyzed the risk for CD in five groups according to HLA-DQ genotype 
(see Supplementary Appendix).5 In addition, we also exploratively analyzed the risk for 
CD in children with DR3-DQ2/DR3-DQ2 separately from those with DR3-DQ2/DR7-DQ2, 
as the affinity of gluten peptides is higher for DR3-DQ2 than for DR7-DQ2 receptors.7,8 
Because of the low number of children with 3 or more affected FDRs (7), these were 
considered together in one category. The second step consisted of adding the secondary 
variables (country of origin, type of affected FDR, maternal diet, delivery mode and early 
intervention with gluten or placebo, table 1) to the model using backward elimination 
based on Akaike Information Criterion (AIC), thus guarding against overfitting.9,10

Landmark prediction models
Analyses for variables occurring after birth (duration of breastfeeding, duration of exclu-
sive breastfeeding, rotavirus vaccination, infections as reported by parents and gluten 
intake) were performed at one, two and three years of age (infections until six years 
of age) (Supplementary Appendix). For each analysis, the information available at the 
landmark time point was used. Models’ backward elimination based on AIC was used. 
Since quantification of daily gluten intake is usually  unknown in the standard medi-
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Table 1. Distribution of the baseline variables in the PreventCD cohort (n =944)

VARIABLE VALUES N (%) TOTAL (%) CD (%)
P-VALUE, 
UNIVARIATE 
ANALYSIS

PRIMARY VARIABLES
1.Gender 0.005

Male 490 (51.9) 944 (100) 56 (11.4)
Female 454 (48.1) 79 (17.4)

2. HLA risk group* <0.001
Group 1 129 (14.2) 911 (96.5) 40 (31.0)
Group 2 88 (9.7) 14 (15.9)
Group 3 417 (45.8) 58 (13.9)
Group 4 66 (7.2) 8 (12.1)
Group 5 211 (23.2) 13 (6.2)

3.Number of affected FDR 0.01
1 863 (91.4) 944 (100) 115 (13.3)
2 74 (7.8) 19 (25.7)
3 or more 7 (0.7) 1 (14.3)

SECONDARY VARIABLES
4. Country 0.06

Netherland 133 (14.1) 944 (100) 22  (16.5)
Italy 139 (14.7) 20 (14.4)
Poland 64 (6.8) 5 (7.8)
Spain 249 (26.4) 25  (10.0)
Germany 113 (12.0) 13 (11.5)
Israel 95 (10.1) 19 (20.0)
Croatia 13 (1.4) 0 (0)
Hungary 138 (14.6) 31 (22.5)

5. Type of affected FDR 0.01
Mother only 407 (43.1) 944 (100) 62 (15.2)
Father only 89 (9.4) 10 (11.2)
One sib only 367 (38.9) 43 (11.7)
Mother+sib(s) 46 (4.9) 15 (32.6)
Father+sib(s) 14 (1.5) 3 (21.4)
Multiple sibs 19 (2.0) 1 (5.3)
Other 2 (0.2) 1 (50.0)

6. Gluten consumption by the mother during pregnancy 0.04
No 509 (53.9) 944 (100) 61 (12.0)
Yes 435 (46.1) 74 (17.0)

7. Mode of delivery 0.6
Vaginally 398 (42.2) 569 (60.3) 57 (14.3)
C-section 171 (18.1) 27 (15.8)
Unknown 375 (39.7) 51 (13.6)

8. Early intervention** 0.4
Placebo 469 (49.7) 944 (100) 63 (13.4)
Gluten 475 (50.3) 72 (15.2)

CD=celiac disease. C. Section= caesarean delivery. FDR= first degree relative. HLA= human leucocyte antigen. N.=number. 
Sib=sibling.
* data on the HLA risk group were available for 911 of 944 children with HLA typing performed by means of single-nu-
cleotide polymorphisms (SNPs) on the basis of the tag-SNP approach. From 2 children who developed CD no HLA risk 
group was known; HLA risk groups: 1: DR3–DQ2/DR3–DQ2 (DQ2.5/DQ2.5) and DR3–DQ2/DR7–DQ2 (DQ2.5/DQ2.2); 2: DR7–
DQ2/DR5–DQ7 (DQ2.2/DQ7);  3: DR3–DQ2/DR5–DQ7 (DQ2.5/DQ7), DR3–DQ2/DR4–DQ8 (DQ2.5/DQ8), and DR3–DQ2/other 
(DQ2.5/other);  4: DR7–DQ2/DR7–DQ2 (DQ2.2/DQ2.2), DR7–DQ2/DR4–DQ8 (DQ2.2/DQ8), and DR4–DQ8/DR4–DQ8 (DQ8/
DQ8);  5: DR7–DQ2/other (DQ2.2/other), DR4–DQ8/DR5–DQ7 (DQ8/DQ7), and DR4–DQ8/other (DQ8/other); ‘other’:  any 
HLA-DQ haplotype except DR3–DQ2, DR7–DQ2, DR4–DQ8, or DR5–DQ7.
** Early intervention consisted of 100 mg of gluten per day or placebo between 4-6 months of age (Vriezinga 2014).
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cal settings in which the prediction models are meant to be used, model building was 
repeated without quantity of daily gluten intake. For baseline and landmark prediction 
models, risk scores were calculated by adding the regression coefficients from the mul-
tivariable Cox models. The risk scores were divided into low, low-medium, high-medium 
and high-risk groups and Kaplan-Meier estimates were calculated. Harrell’s c-index was 
calculated to quantify discrimination of the resulting models.

Validation cohort
Validation analysis of the produced models was performed using data of the inde-
pendent NeoCel cohort, in which all children were assessed regularly from birth for 
CD development at pre-defined intervals, in a similar way as in the PreventCD cohort 
(Supplementary Appendix).

The risk score as developed in the PreventCD cohort was calculated for every child in the 
NeoCel cohort. The children were subsequently allocated to one of the four risk groups. 
A univariate Cox model with the (continuous) risk score was fitted in the NeoCel cohort. 
Ideally, this should give a regression coefficient of 1; values significantly smaller than 1 
indicate overfitting of the original risk score. Kaplan-Meier estimates were calculated for 
each of the four risk groups. Harrell’s c-index was calculated to quantify discrimination.

RESULTS

PREVENTCD-COHORT
The mean age of the children (n= 944) was 10.3 years (range 8.4-12.0), 52% male, inter-
quartile range (IQR) follow-up from 5.9 to 9.7 years. In total 227 (24%) children stopped 
participation (Supplementary Appendix). The distribution of the baseline variables of 
the cohort is presented in table 1.

Diagnosis of celiac disease
In total, 135 children were diagnosed with CD, including five without small-bowel 
biopsies according to the non-biopsy ESPGHAN criteria (Figure S1, Supplementary Ap-
pendix).1 In total, 8363 TGA determinations were performed (Figure S2, Supplementary 
Appendix) with 563 children (59.6%) having at least one determination between March 
2016 and March 2019. Mean age at diagnosis was 4.3 years (range 1.1-11.4). The cumula-
tive incidence of CD was 7.5%, 16.6% and 17.5% at three, eight and ten years of age, 
respectively (Figure S3 Supplementary Appendix).
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Variables related to CD development
CD developed significantly more frequently in girls (n=79, 59% vs n=56, 41%) (p=0.005) 
(Figure S4 Supplementary Appendix). Moreover, the frequency of CD development 
was significantly higher in children homozygous for HLA-DQ2 (DR3-DQ2/DR3-DQ2 and 
DR3-DQ2/DR7-DQ2), than children with other HLA-DQ haplotypes, with a cumulative 
incidence at eight years of 35.4% (n =40) versus maximum 18.2% (HLA risk group 2, n 
= 14) (P<0.001) (Figure S5 Supplementary Appendix). This difference was even more 
significant when analysed separately for children with DR3-DQ2/DR3-DQ2 (n=21; 45.0%) 
compared to those with DR3-DQ2/DR7-DQ2 (n=19; 28.9%) (overall p<0.001) (Figure S6 
Supplementary Appendix).

The interaction between gender and HLA risk group was not significant (p=0.10) with 
hazard ratios for HLA-DQ2 homozygous (DR3-DQ2/DR3-DQ2 and DR3-DQ2/DR7-DQ2) 
being 13.3 for girls (95% confidence interval [CI], 4.7-38.1; p<0.001)) and 2.4 for boys 
[95%CI, 1.0-5.7; p = 0.14) (Figures 1a and 1b).
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In addition, in the exploratory analysis separating the HLA-DQ2 homozygosity in HLA 
DR3-DQ2/DR3-DQ2 from DR3-DQ2/DR7-DQ2, the interaction was significantly differ-
ent with respect to gender (p=0.04). In girls, the risk to develop CD was significantly 
increased in both groups of HLA-DQ2 homozygosity, with hazard ratios of 14.8 [95%CI 
4.8- 46.0] and 12.5 [95%CI 4.2-37.4] for DR3-DQ2/DR3-DQ2 and for DR3-DQ2/DR7-DQ2, 
respectively. In boys, the risk to develop CD was also significantly increased in those 
with DR3-DQ2/DR3-DQ2, but not in those with DR3-DQ2/DR7-DQ2 with hazard ratios of 
5.0 (95%CI 2.0-12.6) and 1.0 (95%CI 0.3-3.5) respectively (Figures S7a and S7b Supple-
mentary Appendix).

Figure 1a. Cumulative Incidence of celiac disease in the PreventCD cohort (n = 911) at selected ages, according to five 
HLA-haplotype and male gender (n= 472).

 

 
 

  

HLA risk
CD/N children at risk at ages

0 years 2 years 4 years 6 years 8 years 10 years

Group  1 0/67 6/57 2/48 4/40 0/31 0/10

Group  2 0/48 0/44 5/34 2/29 0/24 0/12

Group 3 0/208 3/190 8/165 8/137  2/107 1/38

Group 4 0/34 0/30 2/50 2/21  1/17 0/7

Group 5 0/115 1/106 6/93 1/82  1/60 0/20

Covariates Coeff Se (coef) Multivariate
hazard ratio

95%
confidence
interval

p-value

HLA risk 
group (ref: 
group 5)

Group 1 0.8799 0.4416 2.4108 1.01-5.73 0.14

Group 2 0.6752 0.5040 1.9644 0.73-5.28

Group 3 0.3130 0.3957 1.3676 0.63-2.97

Group 4 0.4962 0.6014 1.6424 0.51-5.34
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In multivariate analysis, no secondary variable, including early intervention with small 
quantities of gluten or breastfeeding, showed a significant association with CD develop-
ment . In the landmark analyses, only a higher amount of average daily gluten intake 
during the first three years of age was associated with a higher risk to develop CD (p=0.07, 
p=0.03 and p=0.05 respectively) (Table S1 Supplementary Appendix). The prediction 
models built with and without the gluten intake per age showed similar results (Table 2).

Figure 1b. Cumulative Incidence of celiac disease (CD) in the PreventCD cohort (n = 911) at selected ages, according to 
HLA-haplotype divided into five HLA groups and female gender (n = 439).

 
 

  

HLA risk
CD/N children at risk at ages

0 years 2 years 4 years 6 years 8 years 10 years

Group  1 0/62 10/49 6/52 9/33 3/20 0/4

Group  2 0/40 3/34 9/61 4/27 0/19 0/8

Group 3 0/209 8/181 21/320 13/155 3/97 2/38

Group 4 0/32 1/27  2/50 1/24 1/10 0/3

Group 5 0/96 0/83  7/166 1/73 0/53 1/12

Covariates Coeff Se (coef) Multivariate
hazard ratio

95%
confidence
interval

p-value

HLA risk 
group (ref: 
group 5)

Group 1 2.5903 0.5352 13.3342 4.67-38.07 <0.001

Group 2 1.5156 0.6269 4.5521 1.33-15.55

Group 3 1.4424 0.5271 4.2310 1.51-11.89

Group 4 1.1180 0.7077 3.0587 0.76-12.25

CD= Celiac disease, No=number, CI= confidence interval. Coeff: coefficient. HLA risk group; 1: DR3–DQ2/DR3–DQ2 (DQ2.5/
DQ2.5) and DR3–DQ2/DR7–DQ2 (DQ2.5/DQ2.2); 2: DR7–DQ2/DR5–DQ7 (DQ2.2/DQ7); 3: DR3–DQ2/DR5–DQ7 (DQ2.5/DQ7), 
DR3–DQ2/DR4–DQ8 (DQ2.5/DQ8), and DR3–DQ2/other (DQ2.5/other); 4: DR7–DQ2/DR7–DQ2 (DQ2.2/DQ2.2), DR7–DQ2/
DR4–DQ8 (DQ2.2/DQ8), and DR4–DQ8/DR4–DQ8 (DQ8/DQ8); and 5: DR7–DQ2/other (DQ2.2/other), DR4–DQ8/DR5–DQ7 
(DQ8/DQ7), and DR4–DQ8/other (DQ8/other); “other” refers to any HLA-DQ haplotype except DR3–DQ2, DR7–DQ2, DR4–
DQ8, or DR5–DQ7.
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Figure 2a. Histogram of the prognostic index for development of celiac disease; 1. low risk: 0-0.90 points; 2. low-medium 
risk: 0.91-1.12 points; 3. high-medium risk: 1.13-1.44 points and 4. high risk: >1.45 points.

 

 
IQ= interquartile 

 

IQ4 
High 
risk 

IQ1 
Low 
risk 
 

 

IQ2  
Low-
med. 
risk 

IQ3   
High-
med. 
risk 

IQ= interquartile

Figure 2b. Cumulative incidences of celiac disease (CD) at different ages for the four risk groups.

 

 

      

Risk groups PreventCD cohort

High
(n)

High-medium
(n)

Low-medium
(n)

Low
(n)

HLA risk group 193 255 68 395

1 129 0 0 0

2 44 44 0 0

3 15 211 61 0

4 5 0 61 0

5 0 0 7 204

CD 52 42 8 31

CD=celiac disease. N=number. HLA=human leucocyte antigen. HLA risk groups: group 1= DR3–DQ2/DR3–DQ2 (DQ2.5/
DQ2.5) and DR3–DQ2/DR7–DQ2 (DQ2.5/DQ2.2); group 2= DR7–DQ2/DR5–DQ7 (DQ2.2/DQ7); group 3 = DR3–DQ2/DR5–DQ7 
(DQ2.5/DQ7), DR3–DQ2/DR4–DQ8 (DQ2.5/DQ8), and DR3–DQ2/other (DQ2.5/other); group 4 = DR7–DQ2/DR7–DQ2 (DQ2.2/
DQ2.2), DR7–DQ2/DR4–DQ8 (DQ2.2/DQ8), and DR4–DQ8/DR4–DQ8 (DQ8/DQ8); and group 5= DR7–DQ2/other (DQ2.2/
other), DR4–DQ8/DR5–DQ7 (DQ8/DQ7), and DR4–DQ8/other (DQ8/other);“other” refers to any HLA-DQ haplotype except 
DR3–DQ2, DR7–DQ2, DR4–DQ8, or DR5–DQ7.
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Prediction models
Based on the variables’ regression coefficients in this multivariate model, a risk stratifi-
cation score was constructed for each child (Table 3). Median (1.12) and first and third 
IQR (IQ1=0.90 and IQ3=1.44) were used as cut-off values for dividing the risk groups into 
low (0-0.90 points), low-medium (0.91-1.12 points), high-medium (1.13-1.44 points) and 
high (≥1.45 points) risk score (Figure 2a). The total points score is mapped as a corre-
sponding risk of CD probability (Figure 2b).

Validation of the prediction model in the NeoCel cohort
The distribution of the variables in the NeoCel cohort contributing to the risk scores and 
probability for CD is presented in Table 4. Figure S8 (Supplementary Appendix) shows 
the estimated cumulative incidence of CD for each risk group in the NeoCel cohort. 
Cox regression with the continuous risk score yielded a regression coefficient of nearly 
1.0 (0.81 (0.54); p=0.13), indicating good fitting despite the non-significance, with the 

Age
(years)

High risk
Events/at risk

High-medium risk
Events/at risk

Low-medium risk
Events/at risk

Low risk
Events/at risk

Events
/at risk

Cum.
incidence
(95% CI)

Events
/at risk

Cum.
Incidence
(95% CI)

Events
/at risk

Cum.
incidence
(95% CI)

Events
/at risk

Cum.
incidence
(95% CI)

0.5 0/190 0 0/243 0 0/65 0 0/377 0

1 1/188 0.5 (0-1.5) 0/238 0 0/62 0 0/368 0

1.5 4/182 2.7 (0.3-4.9) 2/235 0.8 (0-2.0) 0/62 0 2/360 0.6 (0-1.3)

2 15/162 10.8 (6.2-15.2) 6/224 3.4 (1.1-5.7) 1/59 1.6 (0-4.8) 1/356 0.8 (0-1.8)

2.5 4/156 13.0 (8.0-17.8) 3/219 4.7 (2.0-7.4) 0/59 1.6 (0-4.8) 3/347 1.7 (0.3-3.0)

3 8/145 17.5 (11.8-22.8) 7/205 7.8 (4.2-11.1) 0/55 1.6 (0-4.8) 5/335 3.1 (1.3-4.9)

3.5 4/130 19.9 (13.9-25.6) 1/196 8.2 (4.6-11.7) 1/53 3.5 (0-8.1) 2/318 3.7 (1.7-5.6)

4 1/128 20.6 (14.4-26.3) 7/186 11.5 (7.2-15.6) 0/53 3.5 (0-8.1) 4/311 4.9 (2.6-7.2)

4.5 1/126 21.2 (14.9-27.0) 0/185 11.5 (7.2-15.6) 0/52 3.5 (0-8.1) 4/301 6.2 (3.6-8.7)

5 8/117 26.2 (19.3-32.5) 4/179 13.4 (8.8-17.8) 2/48 7.2 (0.1-13.8) 2/294 6.8 (4.1-9.4)

5.5 1/113 26.8 (19.9-33.1) 3/171 14.9 (10.1-19.5) 2/43 11.2 (2.3-19.4) 2/276 7.4 (4.6-10.2)

6 1/108 27.5 (20.5-33.9) 4/159 16.9 (11.8-21.8) 0/40 11.2 (2.3-19.4) 2/267 8.1 (5.1-11.0)

6.5 0/104 27.5 (20.5-33.9) 2/137 18.0 (12.7-23.0) 1/36 13.5 (3.6-22.3) 1/246 8.5 (5.4-11.4)

7 0/104 27.5 (20.5-33.9) 1/134 18.6 (13.2-23.7) 1/32 15.9 (5.0-25.6) 0/236 8.5 (5.4-11.4)

7.5 2/89 29.0 (21.8-35.5) 1/127 19.3 (13.7-24.5) 0/31 15.9 (5.0-25.6) 0/224 8.5 (5.4-11.4)

8 1/85 29.8 (22.5-36.4) 0/118 19.3 (13.7-24.5) 0/29 15.9 (5.0-25.6) 1/206 8.9 (5.7-12.0)

8.5 1/70 30.8 (23.3-37.5) 1/110 20.0 (14.3-25.3) 0/25 15.9 (5.0-25.6) 1/166 9.4 (6.1-12.7)

9 0/53 30.8 (23.3-37.5) 0/90 20.0 (14.3-25.3 0/20 15.9 (5.0-25.6) 1/130 10.0 (6.5-13.4)

9.5 0/37 30.8 (23.3-37.5) 0/65 20.0 (14.3-25.3 0/16 15.9 (5.0-25.6) 0/92 10.0 (6.5-13.4)

10 0/29 30.8 (23.3-37.5) 0/50 20.0 (14.3-25.3 0/8 15.9 (5.0-25.6) 0/65 10.0 (6.5-13.4)

CD= celiac disease; childr.=children; CI= confidence interval; HLA= Human Leukocyte Antigen; n=number of children
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risk scores based on the data of the PreventCD cohort. The Harrell’s c-index of 0.608, 
somewhat smaller than in the PreventCD cohort, is not surprising, considering the 
contribution of the factors could be estimated to optimize discrimination in the original 
PreventCD cohort.

DISCUSSION

Although long term follow-up cohorts of children genetically predisposed for CD have 
been reported before11,  we here present the longest follow up data from a birth cohort 
of genetically predisposed children with FDR with CD. Based on this prospective data, 
we developed prediction models for CD development in children from CD families to 
facilitate their individualized screening advice for CD.

Our results show first that the risk to develop CD for children with affected FDR during 
the first ten years of life is significantly higher than previously assumed.6 Until recently, 
the lifetime risk of CD for FDR of CD patients was considered to be 5%-10%, yet our data 
show that at the age of eight years, this is as high as 17%, emphasizing the importance 

Table 4. Distribution of the variables in the Neocel cohort contributing to the risk scores and prediction models for CD 
(n=162)

Variable Values N
(%)

Total
(%)

CD
(%)

1. Gender
Male 79 (48.8) 162

(100)
6 (7.6)

Female 83 (51.2) 7 (8.4)

2. HLA risk group*

Group 1 3  (2.6)

117
(72.2)

1 (33.3)

Group 2 13 (11.1) 4 (30.8)

Group 3 13 (11.1) 0 (0)

Group 4 54 (46.2) 5 (9.3)

Group 5 34 (29.1) 2 (5.9)

3. Number of 
affected FDR

1 137 (84.6) 162
(100)

13 (9.5)

2 or more 12 (7.4) 0  (0)

4. Risk score 
groups

High 19 (16.3)

117
(100)

4 (21.1)

High-medium 12 (10.3) 1 (8.3)

Low-medium 49 (41.2) 5 (10.2)

Low 37 (31.6) 2 (5.4)

CD=celiac disease. FDR= first degree relative. HLA= human leucocyte antigen. N=number; * HLA risk group known in  117/ 
162 children (n 1 child who developed CD was not HLA typed). Groups 1: DR3–DQ2/DR3–DQ2 (DQ2.5/DQ2.5) and DR3–DQ2/
DR7–DQ2 (DQ2.5/DQ2.2); 2: DR7–DQ2/DR5–DQ7 (DQ2.2/DQ7);  3: DR3–DQ2/DR5–DQ7 (DQ2.5/DQ7), DR3–DQ2/DR4–DQ8 
(DQ2.5/DQ8), and DR3–DQ2/other (DQ2.5/other);  4:DR7–DQ2/DR7–DQ2 (DQ2.2/DQ2.2), DR7–DQ2/DR4–DQ8 (DQ2.2/DQ8), 
and DR4–DQ8/DR4–DQ8 (DQ8/DQ8);  5: DR7–DQ2/other (DQ2.2/other), DR4–DQ8/DR5–DQ7 (DQ8/DQ7), and DR4–DQ8/
other (DQ8/other); ‘other’:  any HLA-DQ haplotype except DR3–DQ2, DR7–DQ2, DR4–DQ8, or DR5–DQ7. 
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of a sound advice for early screening.6,12-17 We also confirm that CD develops in children 
with affected FDR at a very young age, as the mean age of diagnosis in our cohort was 
four years of age. This early development has also been shown in screening studies 
among the general pediatric population, and we can assume that, in general, this can be 
accepted as part of the natural history of CD.18-23 We additionally confirm that, as previ-
ously reported by us in the same cohort at the age of three years, the risk of CD in these 
children during their first 10 years of life is strongly related to their gender and HLA-DQ 
phenotype.5 In total, at the age ten years, girls have a 7.7% higher cumulative incidence 
compared to boys (21.5% vs 13.8%). The increased risk for CD in HLA-DQ2 homozygotes 
as well as the predominance of female gender is well known.7,8 However, the significant 
additional effect of the interaction between female gender and certain HLA-DQ2 homo-
zygosity has not been reported before. Contrary to HLA-DR3-DQ2 homozygosity, the 
increased risk in HLA-DR3-DQ2/DR7-DQ2 homozygosity is only present in females. This 
different effect of gender appears very early in life, and it persists and increases during 
the first ten years of age (cumulative incidence 8.0% for boys and 51.3% for girls) (Figure 
S7a and 7b Supplementary Appendix). The reason for this difference is unknown and 
intriguing and possible explanations are offered in the Supplementary Appendix.

In contrast to previously reported results by our group, the present results show that 
the quantity of early gluten intake is associated with a significantly higher risk of CD 
development, with an increased hazard ratio of 1.07 per gram increase in daily gluten 
intake.24 Plausible explanations for the discrepancy are the different statistical methods 
used to analyse the data, since we now have used landmark analyses to avoid immortal 
time bias.24 Since the prediction models with and without adding the amount of gluten 
intake per age show similar results, we have chosen to use the models without gluten 
intake, as this is generally unknown in standard clinical setting.  Our present findings 
are in accordance with those from the TEDDY and DAISY studies,25,26 suggesting that the 
quantity of gluten ingestion may be a preventive factor for CD. Indeed, the plots of the 
average daily gluten intake by the children in our study suggest that the risk of CD in-
creases linearly until approximately 5 grams per day, and that more gluten consumption 
per day does not longer increases the risk of CD (Table 2 and Figure S9, Supplementary 
Appendix). However, it is important to keep in mind that these data are observational 
and no causality may be concluded. These observations do not allow us (or others) at 
this moment to give recommendation to the parents on the prevention of CD in their 
children. To develop such recommendations the results of RCTs with different quantities 
of ingested gluten as intervention are needed.
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Screening advice
Screening for CD is recommended in children with FDR with this condition, but the 
frequency of screening and at what age remains unknown.27,28 Based on our prediction 
models of CD, an individualized screening advice for children with FDR with CD can be 
provided (Figure 2b). Children in the high-risk group should be advised to start screening 
for CD earlier in life and more often than children in other risk groups. This also depends 
upon the current age of the child, since the risk of CD changes accordingly (Table 3). To 
calculate the child-tailored risk and give a personalized screening advice, we designed 
a Prediction application (https://hputter.shinyapps.io/preventcd/) based on both the 
risk group to which the child belongs and the current age of the child. As basis for our 
advice, we use the current standard of care of many centres taking care of families with 
CD, which is comprised of a yearly screening of children with FDR with CD based on 
the assumption of a 10% cumulative incidence among them. As a result, we advise that 
every child with a FDR with CD should be screened at presentation, including total IgA 
and IgA-TGA determination, as well as HLA-DQ2 and DQ8 typing. If the results of the TGA 
are negative, the risk of developing CD in the next years should be assessed using our 
Prediction app. If the prediction for CD development is higher than 10% in the next two 
years, we advise to repeat the screening after six months. If the prediction is between 
5-10%, the advice is to repeat the screening after one year and if the prediction is lower 
than 5%, to repeat the screening after two years. For example, if we assume the case of 
a 1-year-old girl HLA-DR3-DQ2 homozygous with normal IgA and negative TGA, we will 
advise her to repeat the screening at 18 months and two years of age (prediction 18.9% 
in the next two years). For more examples concerning the use of the Prediction app for 
screening advice, see the Supplementary Appendix.

The strength of our models for CD development and screening advice is that they are 
based on prospective data from multicentre collaboration with a long follow-up time. 
All children have been followed in a homogenous manner, with centralized TGA de-
terminations (nine of the ten centres) and assessment of diagnostic biopsies, thereby 
minimizing the risk of diagnostic bias. The high number of CD-diagnosed cases in our 
cohort benefits also the design of the prediction model. The multicentre, multinational 
involvement in the PreventCD cohort, and therefore the plausible influence of differ-
ent environmental factors in the results and consequently in the produced prediction 
model, make it applicable in different countries. Lastly, the validation of the prediction 
model in an external independent high-risk CD cohort with good fitting, supports the 
implementation to improve medical care and continuously optimize the model. Al-
though individualized screening advice for CD has been reported before,26 as far as we 
know, we are the first to provide it including age of initiation and frequency of screen-
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ing, in the form of a clinically easy-to-use Prediction app (https://hputter.shinyapps.io/
preventcd/).

Possible shortcomings of our study are the variable intervals of TGA determination after 
the age of three years, implying that the CD development may occur sometime prior 
to TGA determination. We have taken this into account by averaging the time of CD de-
velopment between the last negative TGA result and the date of CD diagnosis. Another 
possible shortcoming is that TGA determination was done in 563/944 children during the 
last three years of follow up (59.6%).From the 154 children who had no TGA determina-
tion during the last three years, we have negative TGA results till a mean age of 5.1 years  
(3.0 - 8.2 years). However, from the 167 children whose parents withdrawn consent for 
the study we have negative TGA results till a mean age of 3.2 years (3 months - 9.4 years) 
and we have included all these data to develop the prediction models and application 
(see the Supplementary Appendix). Taking all this into consideration, our nearly 60% 
follow-up rate after 10 years can  be considered as quite acceptable.

We have analysed data till the age of 10 years, and our prediction application applies 
till the age of 8 years. This is inherent to the data available at the time at which the data 
was frozen for analysis, when all the participants had reached the age of 8 year (range 
8.4-12.0). It should be noted that this Prediction app and screening advice have been 
developed for children from CD families and should therefore not be applied in children 
from the general population until their use has been broadly validated.

To conclude, children with CD-FDR develop CD early in life, and their risk depends on 
gender, age and HLA-DQ: all factors which are important for a sound screening advice. 
These children should be screened early in life, including HLA-DQ2/8 typing, and if 
genetically predisposed to CD, should get a further personalized screening advice using 
our Prediction app (https://hputter.shinyapps.io/preventcd/).
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ABSTRACT

BACKGROUND AND AIM: The dietary compliance and its assessment in celiac disease 
(CD) patients on a strict gluten-free diet (GFD) remain a challenge. Two relatively new, 
validated methods have been proposed to detect occasional gluten ingestion: standard-
ized dietary questionnaire and determination of urinary gluten immunogenic peptides 
(GIP). Our aim was to prospectively assess dietary compliance via these methods and 
compare their results with those of tissue-transglutaminase antibodies (TGA).

METHODS: Prospective single-centre. Consecutive CD-patients (1-18 years) on a GFD 
scheduled for regular consultation between March-August 2019 were invited. In addi-
tion to standard care, a completed dietary questionnaire and urine sample for GIP were 
collected. Pearson’s chi square test, Fisher’s exact test and Mann-Whitney U test were 
performed.

RESULTS: 110 of the 156 eligible children provided informed consent. Completed dietary 
questionnaire-, GIP- and TGA-results were available from 86 children (median age 12.8 
years, median GFD-duration 30 months, 65% female). Adherence to the GFD evaluated 
by GIP, dietary questionnaire and anti-TGA was 94.2%, 75.6% and 94.2% respectively. 
No association was found between the TGA results and the detection of GIP as well as 
between the TGA results and the dietary questionnaires scores (p = 0.5 and 0.312 respec-
tively). The participants perceived both the questionnaire and the measurement of GIP 
as reassuring with regards to correct implementation of the GFD.

CONCLUSION: All the three methods have limitations to monitor dietary compliance. 
The comparison of their performance shows that the best, single method is the use of  
the validated dietary questionnaire which should therefore be implemented in the regu-
lar care for children with CD. The most effective combination of dietary questionnaire 
and urinary GIP determination should be used in specific clinical situations.
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INTRODUCTION

The only effective treatment for celiac disease (CD) is a strict life-long gluten-free diet 
(GFD) which usually improves symptoms, restores small bowel histology and avoids 
long-term complications[1,2]. Nevertheless, dietary adherence is a challenge due to 
dietary restrictions, poor labelling regulations, sociocultural restrictions, decreased QoL 
and limited availability and high costs of gluten-free alternatives[3-5]. Dietary compli-
ance in children with CD has been estimated as 25% - 50%[1,5,6].  The golden standard 
to assess mucosal healing (that is endoscopy and small bowel biopsies) is an invasive 
procedure that is not performed during regular check-ups. Usually, compliance with the 
GFD is evaluated by dietary interview with a dietician and/or by serum determination of 
IgA against tissue transglutaminase (TGA) [4,7]. However, both methods have limitations 
as TGA testing is insufficiently sensitive for detecting occasional dietary transgressions, 
and dietary evaluation by a trained dietician is time-consuming and not always avail-
able in clinical settings and dependent on patient-reporting [5,8,9].

Other methods to determine gluten ingestion by CD children are a standardized dietary 
questionnaire reflecting an regular interview by a specialized dietician and the measure-
ment of gluten immunogenic peptides (GIP) in urine or stool [5,6,10,11]. GIP are small 
fragments of gluten resistant to gastrointestinal digestion causing the immunotoxic 
T-cells reaction in CD patients. A fraction of the GIP makes it into the circulation and is 
excreted in urine, being detectable after 4-6 hours and remain detectable for up to 24-36 
hours[11]. The test is highly sensitive with a limit of detection of ≥ 50 mg of ingested 
gluten, taking into account that the maximal gluten ingestion during a strict GFD should 
not exceed 10-20 mg/day [12].

The aim of this study is to prospectively compare the performance of three methods to 
assess dietary compliance in clinical practice during the follow-up of CD children: via 
validated dietary questionnaire, GIP in urine and TGA determination in serum.

METHODS

Study population
For this prospective single-centre implementation study, consecutive patients with 
CD (1-18 years) attending the celiac out-patient clinic of the Leiden University Medical 
Centre (LUMC) for a regular follow-up visit, were recruited between March 2019 and 
August 2019. Inclusion criteria were: CD diagnosed according to the guidelines of the 
European Society for Pediatric Gastroenterology Hepatology and Nutrition (ESPGHAN), 
following a GFD, parents/child having sufficient knowledge of the Dutch language and 
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written informed consent[13]. Consent was provided by parent/legal guardians and 
also by children ≥12years old. Patient characteristics were collected from the electronic 
medical record. All authors had access to the study data and reviewed and approved the 
final manuscript.

Procedure
Invitation to participate in the study was sent by letter to (parents of) the children 2-3 
weeks prior to their appointment at the out-patient clinic. It was explained that par-
ticipation included providing a urine sample for the detection of GIP collected at the 
day of the consultation. In addition, (parents of) children were asked to complete the 
Dutch version of the validated dietary questionnaire on the compliance with the GFD 
[5; Annex 1]. The questionnaire addresses several domains, including compliance with 
and knowledge of the GFD and the attitude towards the diet. Each answer corresponds 
with a point score, which were not visible for the (parents of) the children, providing a 
score between 0-84 which corresponds to: 1. Strict GFD (0-2 points); 2. GFD with impor-
tant errors (3-20 points); and 3. GFD not followed (21-84 points)[5]. Furthermore, the 
children received the standard care for CD, including TGA determination (Thermofisher, 
Germany; ImmunoCAP250; cut-off of normality 7 U/ml).

GIP in urine was determined at the clinical chemistry laboratory of the LUMC, blinded 
for clinical information and TGA results, using the iVYCHECK GIP Urine kit (Biomedal, 
Spain), following the manufacturer instructions. The results were expressed as ng GIP 
per 1 mL of urine, with the limit of detection being 2.2 ng GIP/mL (>50 mg of ingested 
gluten). If dietary adherence was considered as insufficient by raised tGA titers, positive 
GIP or dietary questionnaire, a referral to a dietician was offered.

Statistical analysis
A Shapiro-Wilk-test was used to test for normality of the data. Where applicable, Pear-
son’s chi-square test, Fisher’s exact test or Mann-Whitney U test were used for evaluating 
baseline characteristics. Furthermore, these tests were used to estimate the strength 
of association between the outcomes reported in the dietary questionnaire, GIP and 
TGA levels. A two-tailed probability of p < 0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS 25.0.

Ethical considerations
The study was approved by the Medical Ethics Committee of Leiden-Den Haag-Delft 
(P18.241).
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RESULTS

The flowchart of the eligible children for the study is presented in figure 1. In total, 156 
children were eligible for participation and (the parents of) 110 gave informed consent 
(70.5%): median age: 12.8 years, 71 females (64.5%). Characteristics of the children who 
gave informed consent and of the children who refused participation were similar, except 
for age above 13 years, since these children refused participation significantly more (p 
= 0.03, Table 1). In total 86 children had complete data (filled out dietary questionnaire 
and measured TGA and GIP) and were included in the analyses (Fig 1).

Figure 1. flowchart of the eligible children with celiac disease (CD), including the reasons for exclusion and no informed 
consent.
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Twenty-one children (24.4%) had elevated TGA levels (median age 11.0 years (range 
2-15)), median duration GFD 22.9 months (range 3-135). Of them, 16 had a decreasing 
trend in antibody-titers from the start of their GFD, with 10 children following the diet for 
less than 1 year. Increased TGA results were observed in 5 children, 4 of which were older 
than 11 years of age, with a median duration of GFD of 35 months (range 23-138 ). The 
children with elevated TGA (n=21) followed a GFD significantly shorter than those with 
negative antibodies (median duration 22.9 vs. 69.3 months; p = 0.02), although median 
age of both groups was similar (p = 0.937).

Five children (5.8%; 4 females; median age 8 years (range: 4-16)) had detectable urinary GIP 
with a median level of 8.74 ng/mL (7.88 – 14.27). Their characteristics were similar in terms 
of age, median duration of the GFD, age at diagnosis and gender to the ones of the GIP 
negative children (p = 0.382, p = 0.293, p = 0.996 and p = 0.068, respectively; data not shown).

Table 1. Characteristics of the 110 children who gave informed consent for the study and the children who declined in-
formed consent (n=22).

Participating CD 
children
(N = 110)

Declined informed 
consent
(N = 22) P-value

Age (years), median 12.8 11.1 0.128

Age groups, no. (%)

  0-4 years 16 (14%) 4 (18.2%) 0.06

  5-12 years 61 (56%) 6 (27.3%) 0.13

  ≥ 13 years 33 (30%) 12 (54.5%) 0.03

Female, no. (%) 71(64.5%) 13 (59.1%) 0.1

Age at diagnosis of CD (years), median 4 7.1 0.158

Duration of GFD (months), median 30 74 0.24

  0 – 24 months, no. (%) 35 (32%) 6 (27.2%) 0.31

  25 – 48 months, no. (%) 21 (19%) 3 (13.6%) 0.83

  ≥ 49 months, no. (%) 54 (49%) 13 (59.1%) 0.68

Positive family history of CD, no. (%) 55 (50%)^ 7 (31.8%) 0.318

Filled in dietary questionnaires, no. (%) 95 (86.3%) -

Score dietary questionnaire, mean (range) 1.77 (0 – 14) -

Anti-tTG measured, median (range) 8.9 (0-104) 7.7(0.1-44) 0.655

Elevated anti-tTG*, no. (% of measured anti-tTG) 22 (20%) 5 (22.7%) 0.922

GIP measured in urine, no. (%) 100 (90.1%) -

GIP present, no. (% of measured GIP) 5 (4.5%) -

GIP levels (ng/mL), median (range) ⸯ 8.74 (7.88 – 14.27) -

CD=celiac disease, GFD=gluten free diet; GIP= gluten Immunogenic Peptides; tTG=anti-tissue transglutaminase type 2 an-
tibodies; ^ Family history was unknown in 4 children # Score ≥ 3 on dietary questionnaire * Cut-off of normality > 7 U/mL ° 
Concentrations of > 128 U/mL were considered as a concentration of 128 U/mL, some titers were diluted for standard CD 
care giving a value above 128. ⸯ Median concentration from positive tests only
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Only the parents of a 7-year-old girl with positive GIP and rising TGA, who followed the 
GFD for 36 months, agreed to have a consultation with the dietician. The parents of the 
other 4 children reported ‘not seeing an added value in an appointment with a dietician’ 
as they already knew what caused the positive GIP test, including “gluten contamina-
tion or a small mistake at a new school”, “probable mistake in hand hygiene”, “probable 
mistake at grandparents or school” and “occasional intentional gluten consumption”.

On the dietary questionnaire, 21 children (24.4%) reported important errors (median 
age 11.3 years (range 2-17; median duration GFD 64.4 months (range 4-193). The most 
frequently errors were “consuming food with a label “may contain traces of gluten or 
wheat” (n=42), “consuming food with a label “prepared in an environment where gluten/
wheat is processed” (n=29) and “consuming naturally gluten-free flour with no gluten-
free label or logo” (n=16). The characteristics of the children who reported strictly com-
plied with the GFD (n=65) were similar to those reporting dietary errors (n=21) (Table 2).

In total 80 (93.0%) children and/or their parents stated that they had enough knowledge 
of the GFD. The 6 children/parents reporting insufficient knowledge, followed the GFD 
significantly shorter than the others (14 months vs 59 months; p=0.008). Two of these 
children had a positive urinary GIP and scored important errors on the dietary question-
naire.

Table 2. Comparison of the patient characteristics following a strict gluten-free diet or reporting dietary errors according 
to the dietary questionnaires

Score dietary questionnaire Strict GFD*
N = 65 (%)

GFD with important errors**
N = 21 (%)

p-value

Median age, years 9.23 11.3 0.974

Age groups (years) 0.097

  0-4 9 (13.8) 1 (4.7) 0.08

  5-12 43 (66.2) 10 (47.6) 0.01

  ≥ 13 13 (20.0) 10 (47.6) 0.01

Median age at diagnosis (years) 4.97 5.29 0.398

Female 43 (68.3) 14 (60.9) 0.932

Sympt. after unintentional gluten intake 51 (81.0) 18 (78.2) 0.313

Positive family history for CD 34 (54.0) 9 (39.1) 0.467

Only one person following a GFD
     at home

37 (58.7) 8 (34.7) 0.374

Other dietary restrictions 6 (9.5) 1 (4.3) 0.184

Median duration of GFD in months (range) 38.7 (2-184) 64.4 (4-193) 0.533

CD= celiac disease; DQ=dietary questionnaire; GFD=gluten free diet; *strict GFD is defined as score between 0-2 ** scores 
between 3-20 on dietary questionnaire on adherence to the gluten-free diet [5]
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The absence of association between the TGA results and the detection of urinary GIP 
as well as between the TGA results and the ones from the dietary questionnaires is 
presented in Table 3 (p = 0.5 and 0.312 respectively). Likewise, no significant association 
was found between the scores of the dietary questionnaire and measurement of GIP in 
the urine (p = 0.08) (Table 4).

DISCUSSION

To the best of our knowledge, this is the first study comparing two relatively new meth-
ods to detect (un)intentional non-compliance with the GFD in children with CD, namely 
a validated dietary questionnaire reflecting a regular dietary interview as performed by 
an experienced dietician and the measurement of urinary GIP. Our results did not show 
an association between the results of TGA and the dietary questionnaire, TGA and GIP or 
the dietary questionnaire and urinary GIP.

By using the dietary questionnaire, we found that 24.4% of our population was not fully 
compliant to the GFD versus 5.8% as assessed by urinary GIP. Elevated but decreasing 
TGA was found in 16 out of 21 children (76%) who followed the GFD for a relatively short 
time of 22.9 months, which is in agreement with the time-frame in which normalisation 
of TGA usually occurs[7,14,15]. Also, five children showed an increase/stagnation in their 
TGA titers (5.8%), but only one of them had positive GIP. Our results therefore show that 
the dietary questionnaire is the best single method to detect occasional gluten intake. 
The discrepancy between the dietary compliance assessed by the questionnaire and the 
results of TGA in our study confirms the lack of sensitivity of CD serology to detect occa-

Table 3. Association between TGA and GIP results and between TGA and dietary questionnaire (DQ) scores in 86 children

TGA n (%)
 GIP n (%)

p-value
Score DQ

p-valuePositive
N=5

Negative
N=81

Strict GFD
N=65

Errors GFD
N=21

Non 
adherence

Elevated   21 (24) 2 (9)  19 (91)
0.5

17 (81) 4 (19) 0
0.312

Normal     65 (76)   3  (5) 62 (95) 48 (74) 17(26) 0

Table 4. Association of GIP results and dietary questionnaire (DQ) scores in 86 children

    Score DQ

GIP

Strict GFD
N=65

Errors GFD
N=21

p-value

Positive (N=5) 3 2
0.08

Negative (N=81) 62 19

TGA= Anti-tissue transglutaminase antibodies GIP=gluten immunogenic peptides DQ=dietary questionnaire; GFD=gluten 
free diet; *strict GFD is defined as score between 0-2, ** important errors between 3-20 and *** not following the gluten-
free diet on the dietary questionnaire[5]
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sional transgressions as shown in previous studies[6,10,16-19]. Nevertheless, three out 
of five children with detectable GIP in their urine did not report dietary transgressions 
in their questionnaire. This suggests that the combination of the dietary questionnaire 
and urinary GIP is the most effective method to detect occasional/inadvertent gluten 
intake. To calculate the diagnostic performance of the evaluated methods in terms of 
sensitivity, specificity, PPV and NPV is not possible by lacking a gold standard to assess 
dietary compliance.

The non-compliance with the GFD of almost 25% found in our study using the question-
naire agrees with the previously reported non-compliance of 25%- 50%[5], indicating 
that our population is representative for children with CD. However, the number of 
patients with detectable GIP in their urine in our study (5.8%) is surprisingly low com-
pared to other studies performed in CD children in other countries. A systematic review 
of the literature reported fecal GIP detection in 25% of the children[1]. Four prospective 
studies among children (two combined with adults) assessing diet adherence by fecal/
urinary GIP showed non-compliance in 45%, 29.8%, 16% and 14.5% of patients, respec-
tively[8,16,20,21]. This discrepancy may be explained by the difference in methodology. 
Our population received information two weeks prior to the consultation describing 
the aim of the study and the purpose of the use of the urine for detection of excreted 
gluten peptides. This may have established a time-frame in which the children could 
re-evaluate and improve their compliance with the diet, Also, urinary GIP as assessed 
in this study is only detectable for 36 hours after gluten ingestion, in comparison to 4-7 
days in the faeces as used in other studies[8,20,21], and we may have missed dietary 
transgressions made before this time-frame. Another possible limitation of our study 
is the relatively small number of participating children, although it is comparable to (or 
even higher) than sample sizes from previous studies performed in children[8,11,16,21].

 Most of the previous studies on GIP in faeces and/or urine did not describe the manner 
in which the included patients were informed[11,16,22]. It is possible that recruitment 
of patients on short notice could have led to a higher number of positive GIP in those 
studies, as the 16% reported by one study in which the participants were not specifically 
aware of the GIP-measurement [8]. Nevertheless, if urinary GIP determination are imple-
mented in the regular consultations on the long-term the CD patients would become 
aware of it. As such, sending study-information prior to the consultation in our study 
is comparable with the possible implementation of GIP in the standard of care for CD 
children.

Another possible explanation of the low frequency of positive GIP in our study may 
be the high number of children older than 13 years who refused participation in the 
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age-category with the highest percentage of non-compliance to the GFD [16]. A possible 
reason for declined consent may have been the fear of the exposure of potential non-
compliance with the diet through a positive GIP result.

In addition to detect errors in the GFD, urinary GIP determinations may also be used to 
guarantee or reassure (parents of) patients that the GFD is correctly adhered to. This 
was also reported in the interviews which were taken by a randomly selected number 
of children and/or parents after terminating the study. The majority of (parents of) the 
patients believed that the test had an added value, especially in children who remained 
symptomatic or who were still familiarizing themselves with the diet (results not shown).

Our results show that from the three evaluated methods, the dietary questionnaire is the 
best single one to detect non-compliance with the GFD compared to the other methods 
and we, therefore, propose it for assessing diet adherence during the regular follow-up 
of CD children. In addition, the validated dietary questionnaire also identifies sources of 
non-compliance, facilitating self-correction by the patient. With the increasing use of E-
health, partly due to the COVID pandemic, completing and processing the questionnaire 
will become easier and the implementation in standard healthcare more accessible and 
less time-consuming.

The combination of the dietary questionnaire and urinary GIP test is the most effective 
method in detecting (un)intentional gluten transgressions. This combination may be 
implemented in specific clinical settings to rule out (un)intentional gluten consumption 
or gluten cross-contamination, namely in children (1) with recently diagnosed with 
CD as they familiarize themselves with the GFD, (2) reporting symptoms with normal 
TGA and no errors in the dietary questionary, (3) with (persistent) elevated or very slow 
normalisation of TGA-levels despite no errors in the dietary questionnaire and, (4) with 
suspected intentional gluten intake.
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ABSTRACT

Objectives: To systematically review the literature on the utilization and effectiveness 
of electronic-health technologies (E-health), such as smartphone applications, in man-
aging patients with celiac disease (CD).

Methods: PubMed, Scopus, and the Cochrane Library were all searched (until February 
2021). Inclusion criteria were full-text English articles reporting original data on the use 
of E-health technologies in the follow-up of CD patients, with no age restriction. Exclu-
sion criteria were studies only using non-interactive websites and phone consultation as 
the primary E-health method. The results were summarized narratively.

Results: Using identified keywords, 926 unique studies were identified. After title and 
abstract screening by two independent reviewers, 26 studies were reviewed in full 
text. Finally, eight studies were included in this systematic review, and their quality ap-
praised using standardized forms. Of the eight studies, six were randomized-controlled 
trials, one mixed-methods study, and one cross-sectional, observational study. Studies 
were assessed to be of “low” to “moderate” methodological quality. Studied E-health 
technologies included web-based interventions, smartphone applications, text mes-
saging, and online consultations. The most consistently reported effects were related 
to improved quality of life (number of studies=4), knowledge on CD (n=3), and dietary 
adherence (n=2); notably, only one study reported reduced costs of E-health vs. standard 
(in-office) care.

Conclusions: While E-health has the potential to improve the management of CD, so far, 
the research in the field is scarce and generally of low-moderate methodological quality. 
Hence, the effectiveness of E-health in CD management remains uncertain, and more 
high-quality evidence is required before its utility is known.
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INTRODUCTION

Celiac disease (CD) is a chronic immune-mediated disease in which gluten intake causes 
small-intestinal inflammation and villus atrophy(1). Over the past few decades, there 
has been a rise in the prevalence of CD, which today affects about 1% of the popula-
tion worldwide.(2) The disease is associated with various intestinal and extra-intestinal 
manifestations, including impaired growth and quality of life (QoL),(2) as well as 
increased costs on individual and societal levels (3, 4). A strict gluten-free diet (GFD) 
is a cumbersome but effective treatment that can alleviate symptoms and achieve 
mucosal healing in CD.(5) Patients with CD are recommended long-term follow-up to 
monitor disease remission and dietary adherence.(6) Electronic-health technologies 
(E-health) are defined as the use of information and communication technologies, such 
as software and smartphone applications, supporting health and disease management.
(7) Research on E-health technologies has shown positive effects in managing a variety 
of chronic diseases, including asthma and type 1 diabetes.(8-10) In the care of digestive 
diseases,(11) including inflammatory bowel disease,(12, 13) E-health technologies have 
more specifically been reported to improve the patient’s QoL and treatment adherence. 
Besides enhancing the quality of care, E-health holds the potential to reduce costs in 
healthcare.(14) Although CD is a major public health problem, and despite the potential 
benefits of E-health technologies in chronic disease management,(15, 16) the evidence 
of their utility and effectiveness in CD management has not yet been reported. Hence, 
we aimed to systematically review the literature on the utilization and effectiveness of 
E-health in the management of patients with CD.

METHODS

Literature search
This systematic literature review was performed following the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.(17) The literature search 
was conducted with the support of a professional librarian using PubMed, Scopus, 
Cochrane Library, and Database of Abstracts of Reviews of Effectiveness. Appropriate 
search terms were identified from the Swedish version of Medical Subject Headings 
(MeSH) and the index terms of identified relevant articles. The PubMed search string is 
presented in Supplementary Table 1, http://links.lww.com/MPG/C720 (the same search 
strategy was modified to fit the requirements of the other databases).
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Eligibility screening
Articles identified until February 2021 were screened against the following, prede-
termined, eligibility criteria. Articles of any E-health technology used in CD care were 
deemed eligible. However, telephone consultations (regarded as an established part 
of standard healthcare) and non-interactive educational websites were not considered 
E-health, and such articles were hence excluded.(7) Articles limited to non-original data 
(e.g., reviews), and full-text articles not available in English were also excluded. No fur-
ther restrictions were applied. Hence, no restriction was made regarding study designs, 
sample characteristics (e.g., participant’s age [children and adults]), outcome measures, 
and criteria for CD diagnosis.

The article search is depicted in Figure 1 (PRISMA flowchart). Briefly, after duplicates 
had been removed, articles identified in our database search were screened for eligibil-
ity in a twostep process: First, titles and abstracts were screened for eligibility by two 
independent reviewers (ALM and CMB). The screening was performed in Rayyan, a web 
application for systematic reviews,(18) where inclusion-exclusion decisions of each 
reviewer were blinded. Disagreements were resolved in discussion with a third reviewer 
(KM). Second, full-text articles were retrieved and assessed for eligibility by at least two 
reviewers (ALM and CMB, in case of disagreements by review of KM). Finally, the refer-
ence lists of included studies were screened for additional articles using publication 
titles (ALM). However, no additional article was identified through this hand searching 
by title (Figure 1).

Data extraction of included articles
Data from included articles were extracted using a predesigned form and synthesized 
narratively according to published guidance.(19) The following data were extracted from 
each article: Study design, sample characteristics (e.g. age, duration of CD diagnosis), 
number of participants, comparison group, type of E-health technology (e.g. web-based, 
virtual clinic, etc.), outcome measure, duration of follow-up, and main findings (Table 
1). The findings were also reported by the main outcome categorizes (GFD adherence, 
knowledge about CD and GFD, QoL, patient satisfaction, and other outcomes).
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Bias assessment of included articles
The risk of bias was according to the study design assessed by the revised Cochrane 
Risk-of-Bias tool for randomized-controlled trials,(20) the Mixed Methods Appraisal 
Tool,(21) and Joanna Briggs Institute Checklist for Analytical Cross-sectional Studies.
(22) The risk of bias assessment was made in agreement with all reviewers (ALM, CMB, 
KM), and each article was categorized into “low-”, “moderate-” and “high-risk” of bias 
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studies. A meta-analysis was not conducted due to heterogeneity between studies. The 
main reasons for variations between studies were differences in the E-health used (e.g., 
web-based, virtual clinic, etc.) and outcome measures. Further, there were differences in 
populations investigated, study designs, and observation periods.

RESULTS

Using identified keywords, 926 unique studies were identified in February 2021. Based 
on information in the abstracts and titles, 26 studies were reviewed in full text, out of 
which eight studies(23-30) eventually formed the basis of this systematic review (Figure 
1, PRISMA Flowchart). The studies included six RCTs,(24-27, 29, 30) one mixed-methods 
study,(23) and one cross-sectional observational study (Table 1)(28). Included studies 
were assessed to be of “low” to “moderate” methodological quality (Supplementary 
Tables 2 and 3, http://links.lww.com/MPG/C721). Total 811 participants were included in 
the articles (one study did not report its sample size(28)); four of the eight studies were 
restricted to adults,(24-27) two included both adults and children,(23) (28) while two 
studies included only children and adolescents(29, 30). Of the eight included studies, 
three examined web-based interventions(23-25), three smartphone applications,(26-28) 
one a telemedicine (text messaging) intervention,(29) and one study examined the use 
of online consultations (i.e., a virtual clinic)(30). Details on the E-health technologies 
used in included studies are provided in the Supplementary Results, http://links.lww.
com/MPG/C719.

Gluten-free dietary adherence
Five studies(25-27, 29, 30) investigated the effects of E-health interventions on GFD ad-
herence. Of these, two studies, one examining a smartphone application,(27) and one an 
interactive online training program,(25) reported significantly improved adherence rate 
in the intervention group compared to baseline measurements and post-intervention 
controls. Both these studies included adult celiac patient who may had been relatively 
newly diagnosed (minimum 3-6 months since diagnosis).(27) (25) In contrast, Dowd et 
al.,(26) examining the effect of a CD self-management application, surprisingly reported 
that both the intervention group (adult patients with unspecified disease duration) and 
controls had significantly worsened GFD adherence rate compared to baseline. Neither 
of the RCTs performed by Haas et al. and Vriezinga et al. found an effect from their in-
terventions on GFD adherence.(29, 30) Both these RCTs were conducted on children or 
young adults (age <25 years) with a minimum disease duration of one year.
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Knowledge about celiac disease and gluten-free diet
Four studies examined the effect of E-health on CD and GFD knowledge.(23-25, 27) All 
except one study(27) reported significant improvements in CD and/or GFD knowledge 
of the intervention groups. Connan et al.,(23) including children with a dual diagnosis 
of CD and type 1 diabetes, saw a small but statistically significant improvement on a 
CD and GFD knowledge test after an E-learning intervention compared to baseline (p-
value=0.001); the Elearning intervention seemed particularly effective in knowledge 
retention and to provide comprehensive and easily accessible information on GFD. Also, 
Meyer et al.(24) reported significantly improved knowledge about CD and GFD in adults 
using a computer-based interactive training program compared to a conventional train-
ing program (although both study groups improved their knowledge scores). In the study 
by Sainsbury et al.,(25) GFD knowledge scores were significantly enhanced in adults 
using an interactive training program compared to controls. The study by Nikniaz et al. 
saw no significant effect of their smartphone application on CD and GFD knowledge in 
adults compared to controls receiving conventional training.(27)

Quality of life
Four studies examined improvements in QoL in CD through E-health technology, one 
study using a text-message intervention,(29) one a smartphone application,(26) one 
online consultation,(30) and one study using an online, interactive GFD training pro-
gram.(25) Two of the studies were restricted to adults,(26) (25) and two on children and 
adolescents (29) (30). Despite also variations in used E-health technologies as well as 
QoL instruments used, all studies reported significant positive effects on the QoL of 
celiac patients; however, in the study of Sainsbury et al.(25) (GFD training program), 
the improvement was limited to specific aspects of QoL (physical and psychological 
domains) and not the overall QoL, including for instance also aspects related to social 
relationships and independence.

Patient satisfaction
Patient satisfaction was measured by questionnaires or semi-structured interviews in 
three studies using the following E-health technologies: smartphone application,(26), 
an interactive online training program,(23) and online consultations (30). Most,(23, 26) 
but not all,(30) studies reported participant satisfaction from using respectively exam-
ined E-health technology. Connan et al.(23) reported overall high satisfaction scores 
with their online GFD education toll used by children (and their caregivers). While Dowd 
et al.(26) reported that adults with prevalent CD generally found the MyHealthyGut 
application satisfactory, the participants also said they were unlikely to purchase it 
or continue using this application after the study. This reluctance was suggested to be 
related to the application being tailored to more newly diagnosed CD. In contrast, chil-
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dren and young adults (aged 2.6-24.1 years) receiving online follow-up care in the study 
by Vriezinga et al.(30) were significantly less satisfied compared to controls receiving 
standard (in-office) consultations (p-value=0.001). Compared to controls, participants 
experienced virtual consultations more impersonal, but found their location and timing 
more convenient (all p-values<0.02); one third of the intervention group experienced 
technical problems resulting in lower satisfaction. On the other hand, 48% of the in-
tervention group considered online consultation as equally good as in-office follow-up 
visits, and 58% wished to continue with online consultations at the end of the study.

Other outcomes
Only one study compared the cost of E-health technology to standard of care. Vriezinga 
et al.(30) found online follow-up consultations to be, on average, €93 less costly than in-
office follow-up (total costs, €143 vs. €236, p-value <0.001). The impacts of E-health on 
mental health in CD were investigated in two studies.(25, 26) Dowd et al.(26) saw a sig-
nificant decrease in anxiety measurement one month after the intervention compared 
to baseline. On the other hand, Sainsbury et al.(25) reported no significant effects from 
their CD smartphone application on measures of depression and anxiety (all p-values 
>0.05).

Finally, Haas et al.(29) reported a significant improvement in celiac patient activation 
(i.e., the ability to self-manage the disease(31)) by the use of a text-message intervention 
tailored for the disease.

DISCUSSION

This first systematic review on the use of E-health specifically for CD care identified eight 
studies:(23-30) six RCTs,(24-27, 29, 30) one mixed-methods,(23) and one observational 
study.(28) Most included studies concluded patient satisfaction with E-health and that 
its use may be effective in specific aspects of CD care; improved QoL,(25, 26, 29, 30) 
adherence rate,(25, 27) and knowledge on CD and GFD were among the most consistent 
findings of this review.(23-25) We found examined E-health interventions to improve the 
QoL of both pediatric and adult celiac patients.(25, 26, 29, 30) This positive effect on QoL 
aligns with the results from E-health interventions for other chronic diseases,(11, 13) and 
may be related to E-health’s potential to strengthen the opportunities for patient activa-
tion and health education.(32) Speculatively, the better QoL in celiac patients may also 
be related to an improved GFD adherence rate from studied E-health interventions.(25) 
Despite inconsistent methodology and outcome measures, two of the included studies 
reported significantly improved GFD adherence.(25, 27) This finding, though only from 
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two studies, is encouraging given that strict GFD is a cumbersome treatment, where the 
prolonged intake of only trace amounts of gluten can cause symptoms,(33) nutritional 
deficiencies and prevent mucosal healing in CD.(5, 34) Unexpectedly, Dowd et al.(26) 
found significantly higher non-adherence rates in both intervention and control groups; 
the reason for this worsened adherence rate is unknown but may be related to the fact 
that participants at baseline already had an “excellent” to “very good” adherence level. 
Generally, E-health interventions seem effective in improving nutritional behaviors (e.g., 
a decreased fat intake and increased intake of fruits and vegetables)(35) and nutritional-
related outcomes (e.g., obesity).(36) Disease knowledge is a prerequisite for a patient 
to manage a chronic disease successfully.(37) The beneficial effects of E-health on CD 
and GFD knowledge were among the most consistent findings of this systematic review 
(reported by three out of four studies with that outcome).(23-25) The study by Nikniaz 
et al.,(27) which did not see an improved CD knowledge, differs from the other studies in 
using a smartphone application rather than an interactive eLearning/training module.
(23-25) However, it is unknown if that difference also explains the difference in results. 
The use of E-health has for other autoimmune conditions (e.g., type 1 diabetes) been 
shown to improve illness-related knowledge.(38)

Challenges of implementing E-health into CD care
From our results,(26) and others,(13) it is conceivable that various E-health technolo-
gies may better fit the needs of specific groups of CD patients, e.g., defined by disease 
duration, age and level of disease control. If such associations could be established, 
it would be possible to tailor virtual CD care to patients’ characteristics and specific 
needs. For instance, while data are limited, we noted that E-health interventions on GFD 
adherence have so far been more successful in studies of relatively newly diagnosed 
adult patients rather than studies of children with >1-year disease duration.(27) (25, 29, 
30) Barriers to E-health implementation include technology illiteracy and poor internet 
acceptability. Hence, the adoption and perceived usefulness of E-health for CD could 
also have geographical differences. A low income and education level have been as-
sociated with reduced internet access and use of E-health technology.(39, 40) This has 
led to concerns that the increased use of digital care might exacerbate socioeconomic 
gaps in care access. Further, E-health technology has been found to be less accessible to 
individuals living in rural areas (41) limiting the potential benefits of such interventions 
on lowering costs and time of travel to care sites. Finally, compared to younger adults, 
limited internet access and E-health literacy are more common among older people.
(40) This age-based disparity is noteworthy given that CD has become increasingly more 
recognized as a disease in the elderly.(42) However, even younger celiac patients may 
not necessarily equally appreciate virtual clinics as stand-alone tools for follow-up, 
compared to in-office care.(30)
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Cost reduction is a frequent argument for the implementation of E-health. Indeed, a 
2014 umbrella review of E-health in somatic diseases (not including CD) indicated cost-
effectiveness,(14) however, this was not a consistent finding and has been contradicted 
by others.(43) In Colorado, USA, having online access to clinicians was associated with 
increased use and cost of clinical services compared to those without online access.
(44) In the so far only cost-benefit analysis of E-health in CD management, Vriezinga 
et al.(30) showed a small but significantly decreased cost of a virtual clinic compared 
to standard outpatient-led care (average cost reduction €93). However, the analysis did 
not include costs for developing and maintaining the information and communication 
system required for online consultation, which has constituted a large part of the total 
cost in other studies.(45) Future cost-benefit analyses of E-health vs. standard follow-
up of CD should also include long-term costs, which largely depend on the successful 
prevention of comorbidities and complications to CD.(3) It is also unknown if E-health 
may reduce work loss in CD.(4)

Strengths and limitations: Strengths of this study include a thorough literature search in 
multiple databases using a comprehensive search string. The latter is essential as there 
are no universal MeSH term indexing E-health studies. A restricted search strategy could 
hence increase the risk of not identifying all available data. Further, we applied minimal 
restrictions to our eligibility screening to include all relevant studies in the field, ir-
respective of patient ages, E-health technology studied, etc. Our use of standardized 
quality assessment forms and independent reviewers for literature screening and data 
extraction are additional strengths. This study was mainly limited by the low number 
of E-health studies on CD care published so far. This scarcity of data, of low-moderate 
methodological quality, prevented firm conclusions on the effectiveness and utility of 
E-health in CD care. The lack of data, and their heterogeneity in terms of examined E-
health technology and outcome measures, also impeded a meta-analysis of results. The 
novel coronavirus 2019 pandemic has presented the healthcare system with unprec-
edented challenges that have necessitated a rapid adaptation to remote care delivery.
(46, 47) This transformation of healthcare delivery, including the rise of virtual CD care, 
should spur more research in this field to support the successful implementation of this 
technology.

Future research directions
We did not identify any low-risk of bias study for this review (Supplementary Tables 2, 
http://links.lww.com/MPG/C721 -3, http://links.lww.com/MPG/C722). This highlights 
a need for higher-quality research on E-health in CD care. Common methodological 
shortcomings of included studies that should be tackled in future works include high 
attrition rates and improper or poorly described randomization or blinding procedures. 
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Opportunities for future research also include a wider use of quantitative disease control 
measures, such as CD-specific serologies or gluten-immunogenic peptides.(48) Finally, 
there is a paucity of research analysing the contents and quality of health-promoting ap-
plications.(49, 50) Hence, future research should try to assess commonalities (“success 
factors”) in high-effective E-health interventions in CD care.

Conclusions
Although individual E-health studies have shown improvements for specific aspects of 
CD care, such as QoL and CD knowledge, there are so far insufficient data and a hetero-
geneity in study methods and targeted outcomes to determine the effectiveness and 
utility of E-health in CD care. This knowledge gap, combined with increasing demands 
on healthcare services to provide remote care, should be an incentive for more research.
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Celiac disease (CD) is an immune-mediated disorder, in which the HLA immunogenetic 
background (DQ2 and DQ8 heterodimers) and environmental trigger (gluten) are well 
established. Both factors are necessary- but not sufficient- to develop CD.

CD is a common disease with a broad spectrum of intestinal and extraintestinal symp-
toms and potential complications like osteoporosis, autoimmunity and rare but severe 
malignancies. The prevalence of CD is increasing, which has been mainly attributed to 
the greater availability of sensitive and specific screening tests, the growing awareness 
of CD among health-professionals and identification of those at risk of CD which have 
led to a significant raise in diagnoses worldwide (1).

Despite the fact that knowledge about the pathophysiology, diagnosis, treatment and 
possible therapeutic options is gradually increasing, it remains unclear who develops 
CD and who does not. Timely diagnosis and adequate treatment and follow-up are 
important questions at this time and reason for the studies included in this thesis.

Since 2012 guidelines of the European society of Gastroenterology, Hepatology and 
Nutrition (ESPGHAN) allow for diagnosis of CD without performing small bowel biopsies 
in children with symptoms and levels of antibodies against tissue transglutaminase 
(TGA )≥ 10 x upper limit of normal (ULN), confirmed by detection of anti-endomysial 
antibodies (EMA) and positivity for HLA-DQ2/DQ8 (2). Prospective validation study of 
this approach showed positive prediction values ranged from 99.63 (95% CI, 98.67-
99.96) to 100.00 (95%  CI, 99.23-100.00) (3). In 2020, the Evidence based guidelines for 
the diagnosis of CD have been updated and published (4). In chapter 2 of this thesis, our 
national prospective data show that in the Netherlands, the year after the publication 
of the ‘non-biopsy’ approach, the diagnosis was correctly established according to it in 
more than 75% of the children. In order to improve this, it is important that the general 
doctors and pediatricians who play an essential role in suspecting the diagnosis and 
ordering the initial serological tests, should be taken into account the recommendations 
made by the ESPGHAN guideline that the diagnosis always be established by a pediatric-
gastroenterologists or pediatrician with sufficient experience and knowledge of CD to 
avoid both overdiagnosis and underdiagnosis and their consequences. In addition, due 
to the continuous changing clinical presentation as reported in our study, the age at time 
of diagnosis is significantly increasing, which makes it difficult to diagnose all children 
timely (5). Nevertheless, a rising incidence of childhood CD has been reported in many 
countries, including in the Netherlands likely caused by a combination of several factors, 
as the growing awareness of CD among healthcare professionals and increased screen-
ing of high-risk groups and the availability of reliable CD antibody tests (5, 6). However, 
also a true rise in the incidence of CD is also being considered (7), since similar increase 
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has been reported in other autoimmune diseases and allergic conditions in children, 
such as type 1 diabetes mellitus, asthma and allergic rhinitis (8-11). Understanding how 
tolerance to gluten is lost in CD is a fundamental question that needs more study, cur-
rently environmental factors have been linked to the rise in incidence of the disease, 
including viral infections during childhood or changes in gut microbiota (composition 
or metabolite production) (12). In chapter 3 a review on the current knowledge of the 
preventive strategies of CD is presented. Advances in the pathophysiology of CD could 
also enable primary preventive strategies in individuals genetically predisposed to the 
disease, but till now, primary prevention of CD is not (yet) possible. Early infant feeding 
practices have been prospectively studied in this respect and it has been shown that 
neither the timing of gluten introduction nor the duration or maintenance of breastfeed-
ing influence the risk of CD (13-17) Recent studies from birth cohorts of children from CD 
families suggest that the quantity of gluten consumed early in life, may be a (prevent-
able) risk factor for CD development (18-20), but before ‘prevention’ recommendations 
on this aspect might be given, this topic should be studied in randomized controlled 
intervention trials. At this moment the definite microbial signature and the exact role of 
dysbiosis in CD pathogenesis is not recognized, but an association between alterations 
in the gut microbiota and the development of CD has been demonstrated. Results of the 
CDGEMM study (Celiac Disease Genomic, Environmental, Microbiome, and Metabolomic) 
are expected and could help to understand the role that the gut microbiome show in the 
early steps involved in the pathogenesis of CD (21). Knowledge of the role of intestinal 
bacteria in the development of CD opens new possibilities for its treatment through 
probiotic administration, even though further studies are needed to better clarify 
whether probiotics can help treat or prevent the disease and to define which probiotics 
to use, at what dose and for how long (22-26). As long as primary prevention of CD is not 
possible, diagnosing the disease in its earliest stage – secondary prevention – seems 
the best option. Despite the increasing numbers of diagnosed CD, a substantial number 
of people with CD remain undiagnosed (11), the possibility and feasibility of screening 
strategies to identify undetected CD patients should be explored. Major questions have 
emerged about who to test for CD and when. Early diagnosis may be achieved both by 
case finding or by mass screening, albeit both methods are still controversial because of 
their ethical implications (27-29). In chapter 4 of this thesis our national project on early 
diagnosis of CD, GLUTENSCREEN, in children from the general population who have 
CD-related symptoms is presented. This concerns the first case-finding project in the 
Netherlands on early detection of CD, to show that it is feasible, efficient, cost-effective 
and well accepted by the population. In GLUTENSCREEN the parents of all the children 
1-4 years old who visit the Preventive Youth Health Care Centres (YHCCs) in the region 
of Kennemerland for a regular consultation were asked for CD-related symptoms from 
a standardised list. If one or more symptoms were present, a point of care test (POCT) 
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for TGA was performed. If the POCT was positive, the child was referred to the Leiden 
University Medical Centre for diagnosis according to the guideline. The results of GLU-
TENSCREEN are beyond expectations: CD was confirmed in 1.8% of the tested children, 
more than expected on the basis of the current literature, which is approximately 1% 
(30). In addition, this case-finding method for early CD-diagnosis is well-accepted by the 
parents of young children in the Netherlands. Also, the majority of the healthcare pro-
fessionals support this case-finding at the (YHCCs) (31). However, it is well known that 
the predictive value of symptoms to identify CD is limited, since symptoms associated 
with CD are as prevalent in individuals with and without the disease (32). In the database 
of GLUTENSCREEN, we will first examine whether some symptoms better distinguish 
the presence of CD or what the optimal set of symptoms is as an indication for (early) 
initiation of CD testing. The primary limitation of case-finding for early detection of CD, 
even when well implemented, is that subclinical cases will be missed (33). An alternative 
is a general screening program to identify all CD cases, but this was opposed in 2017 
by the Medical Ethical Committee Leiden-Den Haag-Delft (METC-LDD) and The Dutch 
Central Committee on Research Involving Human Subjects (CCMO). On the contrary, a 
CD-mass-screening programme was reported as acceptable by 70% of the parents from 
the Dutch general population (31). Since the development of CD requires genetic sus-
ceptibility (HLA-DQ2 and/or DQ8), adding the HLA-genotype to the case finding strategy 
for CD could optimize the targeted population to develop CD. Currently, HLA typing is 
not part of GLUTENSCREEN because the existing technique requiring DNA extraction 
has significant drawbacks in settings without the availability of a laboratory, such as 
the consultation offices. However, this approach will also not solve the problem of the 
asymptomatic children.

But, the asymptomatic children remain undiagnosed using this strategy and will 
only be diagnosed with CD by mass screening. Results from the ‘Generation R’-study 
among 6-year-old children from the general population showed in 1.3% undiagnosed 
CD (57/4442 screened children was positive for TG2A) and was associated with impor-
tant health problems, such as a reduced bone mineral density and a delayed growth 
in weight (33). In addition, children of women with undiagnosed and thus untreated 
coeliac disease had a reduced fetal growth and a lower birth weight (34). Together 
with literature that mass screening for CD is cost-effective, it will be time to re-open 
the discussion about mass screening for CD (35-37). After many years a possible mass 
screening for CD is still a matter of debate. The controversy over whether the general 
population would accept mass screening seems to be answered by the preliminary re-
sults of GLUTENSCREEN that the majority of the general population (approximately 70%) 
find mass-screening for CD acceptable. Also, the results from PreventCD, a prospective, 
European, dietary-intervention study among infants from families with high risk of CD, 
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have provided valuable information about the natural course of CD. Both in children 
from CD families and in the general population, the development of CD is very high in 
the first four years of life. With the gaining of these new insights, it seems time to re-open 
the discussion ‘is it time for mass screening’ since all the ten criteria for mass-screening 
made by Wilson and Jungner, have finally been answered (38). Expanding CD testing in 
asymptomatic children will provide insight into the actual prevalence of CD and allow 
timely diagnosis for all children with CD. It will be a good step in the right direction for 
preventive care in the Netherlands.

Early CD diagnosis through target serological screening of high-risk groups, such as 
first-degree relatives (FDR) of CD patients and patients with autoimmune diseases, is 
already recommended both by the Dutch and most international guidelines (2, 39, 40). 
Nevertheless, little information is available about the improvement of symptoms after 
early diagnosis and treatment in these children. About half of these children have com-
plaints at the time of diagnosis. In our multicenter PreventCD study children have been 
prospectively assessed for the development of CD by using a standardized questionnaire 
on their health status (reported by the parents) and CD antibodies, these data have been 
analysed to prospectively assess whether children from coeliac families benefit from 
screening, early diagnosis and treatment. These data show that symptomatic children 
from CD families do benefit from early detection, diagnosis and treatment. Most of the 
symptoms significantly improved after treatment with a GFD (manuscript in prepara-
tion).

That children from CD families have a higher risk of developing the disease, is generally 
known, but in chapter 5, our prospectively obtained data of the PREVENTCD cohort 
shows a significantly higher risk for the disease during the first years of life than previ-
ously assumed (1, 41). Until recently, the lifetime risk of CD for FDR of CD patients was 
considered to be 5%-10%. Our data show that at the age of eight years, the probability 
of CD is as high as 17%, stressing even more, the importance of early screening and 
diagnosis. However, evidence on the frequency of and at what age to perform screening, 
is lacking. Based on the natural course of CD, our data show that different factors influ-
ence the risk. CD develops very young age (mean age 4.3 years), significantly more often 
in girls (p=0.005) and in HLA-DQ2 homozygous individuals (p<0.001). Based on these 
factors, and the current age, prediction models for CD development were created for 
individualized screening advice in children with affected FDR as presented in chapter 
5. From the findings of PREVENTCD and GLUTENSCREEN, we know now that the natural 
history of CD includes a very early development in life. However, whether the prediction 
models and resulting screening advice are also applicable in children from the general 
population, should be separately evaluated.
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A timely diagnosis of this chronic disease is beneficial in (a)symptomatic children but 
to monitor the results of its treatment after diagnosis is, however, equally important. 
The only treatment for CD is a life-long strict gluten-free diet (GFD), which is difficult to 
maintain because of gluten being present in most processed foods, and dietary restric-
tions affect Quality of Life (QoL). In addition, gluten-free food is not widely available, it 
is more expensive, with lower palatability, resulting in low compliance. Many trials are 
underway to explore non-dietary treatment as possible options for tertiary prevention 
(42).

Good adherence to the GFD reduces the complications of CD and may be considered as 
a tertiary preventive measurement (43). Determination of TGA, which usually disappear 
approximately 12 months after starting a GFD, is mostly performed during the follow up 
and are widely used as a biomarker for mucosal healing in CD children, but the results 
do not correlate well with diet compliance (44). Despite the absence of a gold standard 
to assess dietary compliance, a dietary evaluation by a trained dietitian is considered 
the best method, but this is time-consuming and requires expert personnel which is not 
always available. Short dietary questionnaires and TGA determinations in serum fail to 
detect dietary transgressions in children and adolescents with CD, showing poor sensi-
tivity to identify all patients who consume gluten (45). To assess the dietary compliance 
in children and adolescents with CD, a dietary questionnaire has been developed and 
validated (46). Other methods, as measurement of gliadin immunogenic peptides (GIP) 
in urine and/or in faeces have emerged as more sensitive tools to detect gluten ingestion 
(47), but they are not yet used in the standard clinical care. In chapter 6, the results of 
our clinical study report, that the combination of the dietary questionnaire and urinary 
GIP test is the most effective method in detecting (un)intentional gluten transgressions. 
However, both test as well as the TGA determination, have their limitations to monitor 
dietary compliance. Because GIP test detects gluten which is ingested only a few days 
prior to testing, gluten consumption before this time may remain undetected. As pre-
sented in our study, GIP determination might be helpful in specific clinical settings to 
rule out (un)intentional gluten intake, for example in children 1. with recently diagnosed 
with CD as they familiarize themselves with the GFD, 2. reporting symptoms with normal 
tTGA and no errors in the dietary questionary, 3. with (persistent) elevated or very slow 
normalisation of tTGA-levels despite no errors in the dietary questionnaire and, 4. with 
suspected intentional gluten intake. In contrast to the currently used biomarkers for 
screening and diagnosis, there is a need for a clinically useable biomarker which can 
assist in the monitoring of the disease over a longer period time.

Traditional medical care for CD patients consists of regular physician visits. The limited 
time allotted for outpatient follow-up also typically restricts comprehensive assessment 
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of a patient’s health-related quality of life (HRQoL) and dietary adherence (4). Therefore, 
other possibilities outside the outpatient clinic should be considered. Self-management 
has shown beneficial effects on the healthcare of other chronic diseases (48). E-Health 
can play an important role in supporting patients in their self-management, as internet 
and technology can reach users easily and rapidly, with a wide range of contents and 
attractive formats. E-health is defined as healthcare services and information deliv-
ered or enhanced electronically via the internet and related technologies. In chapter 
7 the results are presented of a systematic review on the utilization and effectives of 
electronic-health technologies in the management of CD patients. The majority of the 
patient are satisfied with E-Health and the use may be effective in specific aspects of CD 
care; improved QoL, adherence rate, and knowledge on CD and GFD.

During the follow-up visits of children and adolescents with CD it is necessary to assess 
symptoms, nutritional status and growth, QoL and to prevent complications. Other 
general goals of coeliac follow-up are to ensure disease education and social support 
and to motivate the child and its family, reinforcing at each visit, the importance of di-
etary compliance. Currently, the follow-up of CD children is not standardized and based 
largely on expert opinions, resulting in substantial differences in follow up between 
countries and even regionally within countries applying the same health care system 
(49-50). So, there is a need for structured evidence based follow up guideline for CD. In 
the meanwhile, an international collaboration of experts in the field of CD has produced 
the ESPGHAN position paper for the management of CD. Based on available literature, 
recommendations have been formulated for a more structured follow-up of children 
with CD (51). Let’s hope that these recommendations will be followed as quickly and 
efficiently as the ESPGHAN guideline for diagnosis of CD in children and adolescents.

FUTURE PERSPECTIVES

For now, as primary prevention of CD is a highly attractive, but as yet unrealized goal, 
the focus must be on driving expeditious diagnosis and treatment in (a)symptomatic 
children and adolescents. The preliminary results of GLUTENSCREEN show that case 
finding detects a significant part of the otherwise undetected children and shortens 
the time to diagnosis and provides us information about the cost-effectiveness and ac-
ceptability of early diagnosis in symptomatic children with CD. Based on these positive 
results, the YHCC’s in the region of Kennemerland have decided to implement the early 
detection of CD in their regular care. Efforts are being made to expand the case finding 
approach to all other YHCCs in the Netherlands. To optimize the targeted population, 
funding has been requested to develop a novel test to perform HLA typing in dried blood 
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spots (as done at the neonatal heel-prick) obtained from an extra droplet of blood from 
the finger prick performed for the POCT for TGA at the YHCC. This approach will make 
the successful case finding more effective and reduce the burden in the HLA-DQ2/8 
negative children.

In the meantime, we continue to explore opportunities for primary prevention.
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Coeliakie is een immuun-gemedieerde aandoening, waarbij de HLA immunogenetische 
achtergrond (DQ2 en DQ8 heterodimeren) en de trigger uit de omgeving (gluten) aan-
leiding zijn om de ziekte te ontwikkelen. Beide factoren zijn noodzakelijk - maar niet 
voldoende - om coeliakie te ontwikkelen.

Coeliakie is een veel voorkomende ziekte met een breed spectrum aan intestinale en 
extra-intestinale symptomen en potentiële complicaties zoals osteoporose, andere 
auto-immuunziekten en zeldzame, maar ernstige maligniteiten. De prevalentie stijgt, 
wat vooral wordt toegeschreven aan de beschikbaarheid van betrouwbare screenings-
tests, de groeiende bekendheid van de ziekte onder hulpverleners en de identificatie van 
risicogroepen. De combinatie van deze factoren heeft wereldwijd tot een aanzienlijke 
stijging van het aantal coeliakie diagnoses geleid (1). Ondanks dat de kennis over de 
pathofysiologie, diagnose, behandeling en mogelijke therapeutische opties geleidelijk 
toeneemt, blijft het onduidelijk wie coeliakie ontwikkelt en wie niet. Tijdige diagnose en 
adequate behandeling en follow-up zijn belangrijke vragen op dit moment en aanleiding 
voor de studies die opgenomen zijn in dit proefschrift.

Volgens de richtlijn van de European Society of Gastroenterology, Hepatology and 
Nutrition (ESPGHAN) kan sinds 2012 de diagnose coeliakie bij kinderen gesteld worden 
zonder het nemen van dunne darm biopten als wordt voldaan aan strikte criteria: symp-
tomen, bij herhaling waarden van antilichamen tegen weefseltransglutaminase (TGA)≥ 
10 x de bovengrens van normaal, positieve anti-endomysium antilichamen (EMA) en de 
aanwezigheid van HLA-DQ2/DQ8 (2). Een prospectieve validatiestudie van deze benade-
ring toonde positieve voorspellende waarden variërend van 99.63 (95% CI, 98.67-99.6) 
tot 100 (95% CI, 99.23-100) (3). In 2020 is de richtlijn voor de diagnose van coeliakie ge-
actualiseerd (4). In hoofdstuk 2 van dit proefschrift laten resultaten van onze nationale 
prospectieve studie zien dat in Nederland, het jaar na de publicatie van de ‘non-biopsy’ 
benadering, de diagnose bij meer dan 75% van de kinderen correct werd gesteld. Om 
dit nog verder te verbeteren is het van belang dat de huisartsen en kinderartsen, die een 
essentiële rol spelen bij het vermoeden van de diagnose coeliakie en het aanvragen van 
de initiële serologische tests, rekening houden met de aanbevelingen van de ESPGHAN-
richtlijn waarin geadviseerd wordt de diagnose te laten stellen door een kinderarts-MDL 
of een kinderarts die affiniteit heeft met coeliakie, om zowel over- als onder diagnose 
en de gevolgen daarvan te voorkomen. Door de voortdurend veranderende klinische 
presentatie, is het moeilijk om alle kinderen tijdig te diagnosticeren (5). Desondanks is 
in veel landen, waaronder in Nederland, een stijgende incidentie van coeliakie tijdens 
de kinderleeftijd gerapporteerd. Naast de combinatie van verschillende factoren, zoals 
de groeiende bekendheid van coeliakie onder zorgprofessionals, screening van hoog-
risicogroepen en de beschikbaarheid van betrouwbare screeningstests (5, 6), wordt 
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echter ook gedacht aan een reële stijging van de incidentie (7). Vergelijkbare stijgingen 
zijn namelijk ook bij andere auto-immuunziekten en allergische aandoeningen bij kin-
deren gerapporteerd, zoals diabetes mellitus type 1, astma en allergische rhinitis (8-10). 
Begrijpen hoe de tolerantie voor gluten verloren gaat, is een fundamentele vraag die 
meer onderzoek vergt. Omgevingsfactoren zijn in verband gebracht met de toename 
van de ziekte-incidentie, zoals virale infecties tijdens de kindertijd of veranderingen in 
de darm-microbiota (samenstelling of metabolietproductie) (12).

In hoofdstuk 3 wordt een overzicht gegeven van de huidige kennis over de preventieve 
strategieën van coeliakie. Kennis van de pathofysiologie zou primaire preventieve stra-
tegieën mogelijk kunnen maken bij individuen die de genetische aanleg voor de ziekte 
hebben, maar tot nu toe is primaire preventie niet mogelijk. Voedingsadviezen voor 
zuigelingen zijn in dit verband prospectief bestudeerd en gebleken is dat noch het 
tijdstip van glutenintroductie, noch de duur van borstvoeding het risico op coeliakie 
beïnvloeden (13-17). Recente studies van geboortecohorten uit coeliakie-families sug-
gereren dat de hoeveelheid gluten die vroeg in het leven wordt geconsumeerd, een 
(te voorkomen) risicofactor kan zijn voor de ontwikkeling van coeliakie (18-20). Maar 
voordat ‘preventieve’-aanbevelingen over de hoeveelheden zouden kunnen worden 
gegeven, zou dit moeten worden bestudeerd in gerandomiseerde gecontroleerde inter-
ventiestudies.

De exacte microbiële samenstelling en de rol van dysbiose in de pathogenese van coelia-
kie zijn op dit moment nog niet bekend, maar een associatie tussen veranderingen in de 
darm-microbiota en de ontwikkeling van coeliakie is wel aangetoond. De resultaten van 
de CDGEMM-studie (Celiac Disease Genomic, Environmental, Microbiome, and Metabo-
lomic) worden binnenkort verwacht. Deze zouden kunnen helpen de rol die de darm-
microbiota heeft bij de betrokkenheid in de pathogenese van coeliakie, te begrijpen 
(21). Dit zou kunnen leiden tot nieuwe preventieve mogelijkheden door toediening van 
probiotica. Echter, ook dan zullen vervolgstudies nodig zijn om beter te kunnen nagaan 
of probiotica de ziekte kunnen behandelen of voorkomen en om te bepalen welk type, 
dosis en duur van de probiotica moet worden gebruikt (22-26).

Zolang primaire preventie van coeliakie niet mogelijk is, lijkt het diagnosticeren van de 
ziekte in een vroeg stadium - secundaire preventie - de beste optie. Ondanks het stijgen-
de aantal coeliakie diagnoses, blijft een aanzienlijk aantal mensen ongediagnosticeerd 
(11). De mogelijkheid en haalbaarheid van screeningstrategieën om onopgemerkte coe-
liakiepatiënten te identificeren moet worden onderzocht. Er zijn belangrijke vragen ge-
rezen over wie op coeliakie moet worden getest en wanneer. Tijdige diagnose kan zowel 
door vroege opsporing (case-finding) als door bevolkingsonderzoek (mass-screening) 
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worden bereikt, hoewel beide methoden nog steeds controversieel zijn vanwege hun 
ethische implicaties (27-29).

In hoofdstuk 4 van dit proefschrift wordt ons nationale project, GLUTENSCREEN, naar 
vroege opsporing van coeliakie bij kinderen met coeliakie-gerelateerde symptomen, 
uit de algemene bevolking gepresenteerd. Dit is het eerste case-findingsproject naar 
coeliakie in Nederland met als doel aan te tonen dat case-finding haalbaar, efficiënt, 
kosteneffectief en goed geaccepteerd is door de algemene bevolking. In GLUTENS-
CREEN werd aan de ouders van alle kinderen van 1-4 jaar die het consultatiebureau in de 
regio Kennemerland voor een standaard controle bezochten, gevraagd naar coeliakie-
gerelateerde symptomen (gestandaardiseerde vragenlijst). Als één of meer symptomen 
aanwezig waren, werd een sneltest op coeliakie-antilichamen uitgevoerd. Bij een 
positieve uitslag, hetgeen betekent dat coeliakie-antilichamen aanwezig zijn, werd het 
kind verwezen naar het Leids Universitair Medisch Centrum voor verdere diagnostiek. 
De resultaten van GLUTENSCREEN zijn boven verwachting: coeliakie werd bevestigd bij 
1.8% van de geteste kinderen. Dat is meer dan de 1% die verwacht werd op basis van de 
huidige literatuur (30). Bovendien werd deze vroege opsporingsmethode naar coeliakie 
goed geaccepteerd door de ouders en de meerderheid van de betrokken zorgverleners 
(31). In de literatuur is echter bekend dat de voorspellende waarde van symptomen om 
coeliakie te identificeren beperkt is, aangezien symptomen die geassocieerd zijn met 
coeliakie even vaak voorkomen bij personen met als zonder de ziekte (32). In de database 
van GLUTENSCREEN zullen we nagaan of sommige symptomen beter onderscheid ma-
ken in de aanwezigheid van coeliakie en/of wat de optimale combinatie van symptomen 
is als indicator voor het testen op coeliakie. De belangrijkste beperking van deze vroege 
opsporingsmethode naar coeliakie is, zelfs wanneer goed uitgevoerd, dat de diagnose in 
subklinische kinderen gemist wordt (33). Een alternatief is een bevolkingsonderzoek om 
alle kinderen met coeliakie op te sporen, maar hiertegen is in 2017 bezwaar aangetekend 
door de Medisch Ethische Commissie Leiden-Den Haag-Delft (METC-LDD) en De Neder-
landse Centrale Commissie Mensgebonden Onderzoek (CCMO). Opmerkelijk is echter 
dat 70% van de ouders uit de algemene Nederlandse bevolking een bevolkingsonder-
zoek naar coeliakie acceptabel vindt (31). Om de opsporingsmethode te optimaliseren, 
zou het toevoegen van de HLA-typering wenselijk zijn, omdat voor de ontwikkeling van 
coeliakie bepaalde genen noodzakelijk zijn (HLA-DQ2 en/of DQ8). Momenteel maakt 
HLA-typering geen deel uit van GLUTENSCREEN, omdat de bestaande techniek die 
DNA-extractie vereist, aanzienlijke nadelen heeft op locaties die niet beschikken over 
een laboratorium (zoals de consultatiebureaus). Deze aanpak zal ook het probleem van 
de asymptomatische kinderen niet oplossen. Zij zullen alleen door middel van een be-
volkingsonderzoek naar coeliakie worden opgespoord. Een analyse uit de Rotterdamse 
‘Generation R’-studie onder 6-jarige kinderen uit de algemene bevolking toonde in 1.3% 
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van de kinderen niet-gediagnosticeerde coeliakie (57/4442 gescreende kinderen was 
positief voor TGA). Dit ging gepaard met belangrijke gezondheidsproblemen, zoals een 
verminderde botdichtheid en een vertraagde gewichtsgroei (33). Daarnaast hadden kin-
deren van vrouwen met niet-herkende en dus onbehandelde coeliakie een verminderde 
foetale groei en een lager geboortegewicht (34). Tezamen met literatuur waaruit blijkt 
dat bevolkingsonderzoek naar coeliakie kosteneffectief is, wordt het tijd om de discussie 
over bevolkingsonderzoek naar coeliakie te heropenen (35-37). Na vele jaren is dit nog 
steeds een punt van discussie. De controverse over de vraag of de algemene bevolking 
een bevolkingsonderzoek naar coeliakie zou accepteren, lijkt te worden beantwoord 
door de voorlopige resultaten van GLUTENSCREEN: een overgrote meerderheid van 
de algemene bevolking (ongeveer 70%) vindt een bevolkingsonderzoek naar coeliakie 
acceptabel. De resultaten van PreventCD, een prospectieve, Europese, dieet-interventie 
studie onder zuigelingen met een genetische aanleg uit coeliakie-families, hebben ook 
waardevolle informatie opgeleverd over het natuurlijke beloop van coeliakie. Zowel bij 
kinderen uit risicogroepen (coeliakie-families) als in de algemene bevolking ontwikkelt 
coeliakie zich zeer vroeg. Met het verkrijgen van deze nieuwe inzichten lijkt het tijd om 
de discussie “is het tijd voor een bevolkingsonderzoek naar coeliakie” te heropenen, 
aangezien aan alle tien criteria voor bevolkingsonderzoek, opgesteld door Wilson en 
Jungner, is voldaan (38). Testen op coeliakie bij asymptomatische kinderen zal inzicht 
geven in de werkelijke prevalentie van coeliakie en zal een tijdige diagnose mogelijk 
maken voor alle kinderen met coeliakie. Het zal een belangrijke stap in de goede richting 
zijn voor de preventieve zorg in Nederland.

Screening op coeliakie van hoog-risicogroepen, zoals eerstegraad familieleden van coeli-
akie -patiënten en patiënten met auto-immuunziekten, wordt al aanbevolen door zowel 
de Nederlandse als de meeste internationale richtlijnen (2, 39, 40). Er is echter weinig 
informatie bekend over de verbetering van symptomen na behandeling bij kinderen die 
door vroege opsporing gediagnosticeerd zijn met coeliakie. Ongeveer de helft van deze 
kinderen heeft klachten op het moment van diagnose. In onze PreventCD studie zijn 
kinderen vanaf de geboorte gevolgd op de ontwikkeling van coeliakie door middel van 
een gestandaardiseerde vragenlijst over hun gezondheid (gerapporteerd door de ou-
ders), groei en coeliakie-antilichamen. Gegevens van deze studie zijn geanalyseerd om 
te beoordelen of kinderen uit coeliakiefamilies baat hebben bij het vroegtijdig opsporen 
en behandelen van de ziekte. Deze gegevens tonen aan dat de meeste symptomen signi-
ficant verbeteren na behandeling met een glutenvrij dieet en dat vroege opsporing ook 
klinisch voordeel biedt (manuscript in voorbereiding).

Dat kinderen uit coeliakiefamilies een hoger risico hebben om de ziekte te ontwikkelen, 
is algemeen bekend, maar in hoofdstuk 5 laten de resultaten van het PreventCD-cohort 
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een significant hoger risico zien gedurende de eerste levensjaren dan voorheen gerap-
porteerd (1, 41). Tot voor kort werd het risico op coeliakie voor eerste graad familieleden 
van coeliakiepatiënten vastgesteld op 5%-10%. Onze gegevens tonen echter dat op de 
leeftijd van acht jaar de kans op coeliakie maar liefst 17% is. Dit benadrukt het belang 
van vroege opsporing en diagnose nog meer. Gegevens over de frequentie van screening 
en de leeftijd waarop deze moet worden uitgevoerd, ontbreken vooralsnog. Verschil-
lende factoren beïnvloeden het risico op de ontwikkeling van coeliakie. Zo ontwikkelt 
coeliakie zich al op zeer jonge leeftijd (gemiddelde leeftijd 4.3 jaar), komt het significant 
vaker voor bij meisjes (p=0.005) en bij HLA-DQ2 homozygote personen (p<0.001). Ge-
baseerd op deze factoren, en de huidige leeftijd, hebben wij predictiemodellen voor de 
ontwikkeling van coeliakie gemaakt. Hiermee kan een geïndividualiseerd screeningsad-
vies gegeven worden aan kinderen uit coeliakie-families (hoofdstuk 5). Door PreventCD 
en GLUTENSCREEN weten we nu dus dat het natuurlijke beloop van coeliakie een zeer 
vroege ontwikkeling in het leven kent. Het zal nog geëvalueerd moeten worden of de 
predictiemodellen en de daaruit voortvloeiende screeningsadviezen ook toepasbaar 
zijn op kinderen uit de algemene bevolking.

Een tijdige diagnose van deze chronische ziekte is gunstig voor (a)symptomatische kin-
deren, maar de follow-up na de diagnose is even belangrijk. De enige behandeling voor 
coeliakie is een levenslang strikt glutenvrij dieet. Dit is niet altijd even makkelijk vol te 
houden, omdat gluten aanwezig zijn in de meeste verwerkte voedingsmiddelen. Daar-
naast kunnen dieetbeperkingen een nadelige invloed op de kwaliteit van leven hebben. 
Bovendien zijn glutenvrije voedingsmiddelen niet overal verkrijgbaar, zijn ze duurder 
en minder smakelijk, wat kan leiden tot een lage therapietrouw. Er worden momenteel 
verschillende studies uitgevoerd om niet-diëtetaire behandelingen te onderzoeken als 
mogelijke opties voor tertiaire preventie (42).

Goede therapietrouw van het glutenvrij dieet vermindert de complicaties van coeliakie 
en kan worden beschouwd als een tertiaire preventieve maatregel (43). Veelal wordt 
tijdens de follow-up van coeliakiepatiënten TGA bepaald als maat voor darmherstel. 
Maar de resultaten van de coeliakie-antistoffen correleren niet goed met dieettrouw 
(44). Ondanks het ontbreken van een gouden standaard voor het beoordelen van de 
therapietrouw, wordt een evaluatie van het glutenvrij dieet door een ervaren diëtist 
beschouwd als de beste methode. Dit kent echter ook nadelen: het is tijdrovend en 
vereist deskundig personeel dat niet altijd beschikbaar is. Alternatieven als korte dieet-
vragenlijsten en bepalingen van TGA slagen er echter niet in dieetfouten te detecteren 
bij kinderen en adolescenten met coeliakie. Daarmee zijn deze methoden niet gevoelig 
genoeg om alle patiënten die gluten consumeren te identificeren (45). Om de dieettrouw 
bij kinderen en adolescenten met coeliakie te beoordelen, is een dieetvragenlijst ontwik-
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keld en gevalideerd (46). Ook is een andere methode ontwikkeld om gluteninname op te 
sporen, gluten-immunogene-peptiden (GIP) (47), maar deze test wordt nog niet gebruikt 
in de standaard klinische zorg. In hoofdstuk 6 tonen de resultaten van onze klinische stu-
die dat de combinatie van de dieetvragenlijst en de GIP-test in urine, de meest effectieve 
methode is in het opsporen van (on)opzettelijke glutenfouten. Beide testen, evenals de 
TGA-bepaling, hebben echter hun beperkingen bij het monitoren van dieettrouw. Om-
dat de GIP-test gluten detecteert die slechts enkele dagen voor de test zijn ingenomen, 
kan glutenconsumptie vóór die tijd onopgemerkt blijven. Zoals gepresenteerd in onze 
studie, kan GIP-bepaling nuttig zijn in specifieke klinische situaties om (on)opzettelijke 
gluteninname uit te sluiten, bijvoorbeeld bij kinderen 1. bij wie recent de diagnose 
coeliakie is gesteld en die vertrouwd raken met het glutenvrij dieet, 2. die symptomen 
rapporteren met een negatieve TGA en geen dieetfouten hebben gerapporteerd op de 
dieetvragenlijst, 3. met (persisterende) verhoogde of zeer langzame normalisatie van 
TGA ondanks dat zij geen fouten op de dieetvragenlijst hebben aangegeven en 4. met 
vermoedelijke opzettelijke gluteninname. In tegenstelling tot de momenteel bruikbare 
en betrouwbare test voor screening en diagnose, is er behoefte aan een klinisch bruik-
bare biomarker die kan helpen bij de monitoring van de ziekte over een langere periode.

De standaard medische zorg voor coeliakiepatiënten bestaat uit regelmatige dok-
tersbezoeken. De beperkte tijd die wordt uitgetrokken voor een poliklinisch consult 
verhindert gewoonlijk een uitgebreide beoordeling van de kwaliteit van leven en de 
therapietrouw van de patiënt (4). Daarom moeten andere mogelijkheden buiten het 
ziekenhuis worden overwogen. Zelfmanagement heeft gunstige effecten laten zien op 
de gezondheidszorg bij andere chronische ziekten (48). E-Health kan een belangrijke rol 
spelen bij de ondersteuning van patiënten bij zelfmanagement, aangezien internet en 
technologie gebruikers gemakkelijk en snel kunnen bereiken. E-Health wordt gedefini-
eerd als diensten en informatie op het gebied van gezondheidszorg die elektronisch via 
het internet en aanverwante technologieën worden geleverd of verbeterd. In hoofdstuk 
7 worden de resultaten gepresenteerd van een systematisch review naar het gebruik 
en de effecten van elektronische gezondheidszorgtechnologieën bij de follow-up van 
coeliakiepatiënten. De meerderheid van de patiënten is tevreden over E-Health. Het 
gebruik kan effectief zijn bij het verbeteren van zorg in specifieke aspecten, de kwaliteit 
van leven, therapietrouw en kennis over coeliakie en het glutenvrij dieet.

Tijdens de controles van kinderen en adolescenten met coeliakie is het van belang 
om symptomen, gewicht/lengte en kwaliteit van leven te beoordelen en complicaties 
te voorkomen. Ook wordt aandacht besteed aan ziekte-educatie, sociale steun en het 
motiveren van therapietrouw van het kind en zijn familie, waarbij het belang van goede 
voeding wordt benadrukt. Momenteel is de follow-up van kinderen met coeliakie niet 
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gestandaardiseerd en grotendeels gebaseerd op de mening van deskundigen, wat leidt 
tot aanzienlijke verschillen in follow-up tussen landen en zelfs regionaal binnen landen 
die hetzelfde gezondheidszorgsysteem toepassen (49-50). Door een internationale 
samenwerking van coeliakie-geïnteresseerden is ondertussen de ESPGHAN position-
paper voor de follow up van coeliakie opgesteld. Op basis van beschikbare literatuur 
zijn aanbevelingen geformuleerd voor een meer gestructureerde follow-up van kinde-
ren met coeliakie (51). Laten we hopen dat deze aanbevelingen net zo snel en efficiënt 
worden opgevolgd als de ESPGHAN-richtlijn voor de diagnose van coeliakie.

TOEKOMSTPERSPECTIEVEN

Aangezien primaire preventie van coeliakie een zeer aantrekkelijke, maar nog niet ge-
realiseerde doelstelling is, moet de nadruk voorlopig liggen op het bevorderen van een 
snelle diagnose en behandeling bij (a)symptomatische kinderen en adolescenten. De 
voorlopige resultaten van GLUTENSCREEN laten zien dat vroege opsporing op de con-
sultatiebureaus een aanzienlijk deel van de anders onopgemerkte kinderen opspoort 
en de tijd tot diagnose verkort. Daarnaast geeft het ons informatie over de kostenef-
fectiviteit en aanvaardbaarheid van een vroege coeliakie-diagnose bij symptomatische 
kinderen. Op basis van deze positieve resultaten hebben de consultatiebureaus in de 
regio Kennemerland besloten de vroege opsporing naar coeliakie in hun reguliere zorg 
te implementeren. Gestreefd wordt om deze opsporingsmethode te implementeren bij 
alle andere consultatiebureaus in Nederland. Om de doelpopulatie van vroege opsporing 
naar coeliakie te optimaliseren, is financiering aangevraagd voor de ontwikkeling van 
een nieuwe test om HLA-typering uit te voeren in bloeddruppels (op filterpapier, zoals 
bij de hielprikscreening) die worden verkregen bij de sneltest op coeliakie-antilichamen 
op het consultatiebureau. Deze aanpak zal de succesvolle vroege opsporingsmethode 
naar coeliakie effectiever maken en daarmee de belasting van de HLA-DQ2/8 negatieve 
kinderen verminderen. In de tussentijd blijven we zoeken naar mogelijkheden voor 
primaire preventie.
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AGA =  Anti-gliadin antibodies;
AIC =  Akaike Information Criterion;
CBS  =  Central Bureau of Statistics;
CD  =  Celiac disease;
CDA = Celiac disease autoimmunity;
CI = Confidence interval;
CME-LUMC =  Medical Ethics Committee of the Leiden University Medical Centre 

(later called METC-LDD = Medical Ethics Committee- Leiden Den 
Haag Delft);
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DSP  =  Dutch Society of Paediatrics;
DQ =  Dietary questionnaire;
E-health  =  Electronic-health technologies;
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ESPGHAN  =   European Society for Pediatric Gastroenterology Hepatology and 

Nutrition;
FDR  =  First degree relative;
GFD =  Gluten free diet;
GIP  =  Gluten immunogenic peptides;
HLA  =  Human leukocyte antigen;
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LUMC  =  Leiden University Medical Centre;
MeSH  =  Medical Subject Headings;
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of Pathology;
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PREVENTCD =  Multicenter European study funded by the European Commission 
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dietary history in the prevention of celiac disease: possibilities of 
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PRISMA  =   Preferred Reporting Items for Systematic Reviews and Meta-
Analysis

QoL  =  Quality of life;
RCT  =  Randomized-control trial;
SAP = Statistical analysis plan;
SD = Standard deviation;
SNPs = Single-nucleotide polymorphisms;
SQL = Structured Query Language; 
tTG / TG2A / TGA =  Anti-tissue transglutaminase antibodies
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pleinmoeders (en vaders), maar in het bijzonder wil ik Willemijn bedanken. Een vriend-
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Jack en Julie: dank voor jullie betrokkenheid en steun in de afgelopen jaren.
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Mijn lieve broers, Robert, Hans en Pieter. Jullie vragen je weleens af wat jullie kleine 
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Esther, Joëlle en mijn neefje Duco en nichtjes Vesper, Lauren, Rosa en Kiki.
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aan huiswerk maken en kamers opruimen. Dank voor jullie nieuwsgierigheid, humor, 
zorgzaamheid en geduld.

Lieve Jan, “jij hebt al een boek”, zeg jij altijd als je een boek krijgt. Toch hoop ik dat jij dit 
boek wél wilt lezen. Zonder jou was dit boek er niet geweest en waren de tabellen/gra-
fieken nooit af gekomen. Door al jouw inspanningen voor dit boekje, verdien je eigenlijk 
een apart hoofdstuk, toch zal je genoegen moeten nemen met de laatste alinea. Op naar 
het volgende hoofdstuk in ons leven; bij jou ben ik thuis en kan ik alles aan!
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