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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



25

Efficient implementation of the ‘non-biopsy approach’ for the diagnosis of childhood celiac disease

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.



27

Efficient implementation of the ‘non-biopsy approach’ for the diagnosis of childhood celiac disease

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 



Chapter 2

28

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



Chapter 2

30

REFERENCES
 1. Husby S, Koletzko S, Korponay-Szabó IR, Mearin ML, Phillips A, Shamir R, et al (2012) European 

Society for Pediatric Gastroenterology, Hepatology, and Nutrition guidelines for the diagnosis of 
celiac disease. J Pediatr Gastroenterol Nutr. 54(1):136–60

 2. Vriezinga SL, Schweizer JJ, Koning F, Mearin ML (2015) Celiac disease and gluten-related disor-
ders in childhood. Nat Rev Gastroenterol Hepatol. 12(9):527-36.

 3. Singh P, Arora A, Strand TA, Leffler DA, Catassi C, Green PH, et al (2018) Global Prevalence of Celiac 
Disease: Systematic Review and Meta-analysis. Volume 16, Issue 6, pp 823–836.

 4. George EK, Mearin ML, van der Velde EA, Houwen RH, Bouquet J, Gijsbers CF, et al (1995) Low 
incidence of childhood celiac disease in The Netherlands. Pediatr Res 37(2):213-8

 5. Steens RF, Csizmadia CG, George EK, Ninaber MK, Hira Sing RA, Mearin ML (2005) A national 
prospective study on childhood celiac disease in the Netherlands 1993-2000: an increasing 
recognition and a changing clinical picture. J Pediatr 147(2):239-43.

 6. Rosén A, Sandström O, Carlsson A, Högberg L, Olén O, Stenlund H, et al (2014) Usefulness of 
Symptoms to Screen for Celiac Disease? Pediatrics. 133 (2) 211-218

 7. Hujoel IA, Van Dyke CT, Brantner T, Larson J, King KS, Sharma A, et al (2018) Natural history and 
clinical detection of undiagnosed celiac disease in a North American community. Aliment Phar-
macol Ther. 47(10): 1358–1366.

 8. Csizmadia CG, Mearin ML, von Blomberg BM, Brand R, Verloove-Vanhorick SP (1999) An iceberg of 
childhood celiac disease in the Netherlands. Lancet. 353(9155):813-4.

 9. Jansen M, van Zelm M, Groeneweg M, Jaddoe V, Dik W, Schreurs M, et al (2018) The identification 
of celiac disease in asymptomatic children: the Generation R Study. J Gastroenterol. 53(3):377-
386.

 10. Revised criteria for diagnosis of celiac disease: report of Working Group of European Society for 
Pediatric Gastroenterology and Nutrition (1990) Arch Dis Child 65:909-11.

 11. Quitadamo P, Papadopoulou A, Wenzl T, et al (2014) European pediatricians’ approach to chil-
dren with GER symptoms: survey of the implementation of 2009 NASPGHAN-ESPGHAN guide-
lines. J Pediatr Gastroenterol Nutr. 58(4):505-9.

 12. Hira Sing RA, Rodrigues Pereira R (2002) Het Nederlands Signaleringscentrum Kinderge-
neeskunde; een kwaliteitsinstrument voor preventie en onderzoek. Ned Tijdschr Geneeskd 
146:2409-14.

 13. Dutch Central Bureau of Statistics 2010-2013. http://www.cbs.nl.
 14. Quitadamo P, Urbonas V, Papadopoulou A et al (2014) Do pediatricians apply the 2009 NASP-

GHAN-ESPGHAN guidelines for the diagnosis and management of gastroesophageal reflux af-
ter being trained? J Pediatr Gastroenterol Nutr. 59(3):356-9.

 15. Dieterich W, Ehnis T, Bauer M, et al (1997). Identification of tissue transglutaminase as the auto-
antigen of celiac disease. Nature Med 7: 797—801

 16. Werkstetter KJ, Korponay-Szabó IR, Popp A, et al (2017) Accuracy in Diagnosis of Celiac Disease 
Without Biopsies in Clinical Practice. Gastroenterology. 153(4):924-935.

 17. Giersiepen K, Lelgemann M, Stuhldreher N, et al (2012). Accuracy of diagnostic antibody tests for 
celiac disease in children: summary of an evidence report. J Pediatr Gastroenterol Nutr 54(2):229-
41

 18. Zevit N, Shamir R (2014) Diagnosis of celiac disease: where are we heading after the ESPGHAN 
2012 guidelines? J Pediatr Gastroenterol Nutr 59 Suppl 1:S13-S15.



31

Efficient implementation of the ‘non-biopsy approach’ for the diagnosis of childhood celiac disease

 19. Husby S, Koletzko S, Korponay-Szabó I et al (2020). European Society Pediatric Gastroenterology, 
Hepatology and Nutrition Guidelines for Diagnosing Celiac Disease 2020. J Pediatr Gastroenterol 
Nutr. 70(1):141-156. 

 20. Donat E, Ramos JM, Sánchez-Valverde F, et al (2016). ESPGHAN 2012 Guidelines for Celiac Disease 
Diagnosis: Validation Through a Retrospective Spanish Multicentric Study. J Pediatr Gastroen-
terol Nutr. 62(2):284-91.

 21. Ermarth A, Bryce M. Woodward S, et al (2017) Identification of Pediatric Patients With Celiac 
Disease Based on Serology and a Classification and Regression Tree Analysis. Clin Gastroenterol 
Hepatol 15:396-402.

 22.  Rajani S, Huynh HQ, Shirton L, et al (2016) A Canadian Study toward Changing Local Practice in the 
Diagnosis of Pediatric Celiac Disease. Can J Gastroenterol Hepatol. doi: 10.1155/2016/6234160

 23. Burger JP, Roovers EA, Drenth JP, Meijer JW, Wahab PJ (2014) Rising incidence of celiac disease 
in the Netherlands; an analysis of temporal trends from 1995 to 2010. Scandinavian Journal of 
Gastroenterology. 49: 933–941.

 24. Namatovu F, Sandström O, Olsson C, Lindkvist M, Ivarsson A (2014) Celiac disease risk varies 
between birth cohorts, generating hypotheses about causality: evidence from 36 years of 
population-based follow-up. BMC Gastroenterol 14:59.

 25. Roma E, Panayiotou J, Karantana H, Constantinidou C, Siakavellas SI, Krini M, et al (2009) Chang-
ing pattern in the clinical presentation of pediatric celiac disease: a 30-year study. Digestion 
80(3):185-91.

 26. White LE, Merrick VM, Bannerman E, Russell RK, Basude D, Henderson P, et al (2013) The rising 
incidence of celiac disease in Scotland. Pediatrics 132:1–8

 27. Almallouhi E, King KS, Patel B, Wi C, Juhn YJ, Murray JA, et al (2017) Increasing incidence and 
altered presentation in a population-based study of pediatric celiac disease in North America. J 
Pediatr Gastroenterol Nutr. 65:432–7.

 28. Gatti S, Lionetti E, Balanzoni L, Verma AK, Galeazzi T, Gesuita R, et al (2019) Celiac Screening 
Team. Increased Prevalence of Celiac Disease in School-age Children in Italy. Clin Gastroenterol 
Hepatol. 18:596–603

 29. Rubio-Tapia A, Kyle RA, Kaplan EL, Johnson DR, Page W, Erdtmann F, et al (2009) Increased preva-
lence and mortality in undiagnosed celiac disease. Gastroenterology 137: 88–93.

 30. Levinson-Castiel R, Eliakim R, Shinar E, Perets TT, Layfer O, Levhar N, et al (2019) Rising preva-
lence of celiac disease is not universal and repeated testing is needed for population screening. 
United European Gastroenterol J. 7(3):412-418.

 31. DPSU letter; https://www.nvk.nl/
 32. Ress K, Luts K, Rägo T, Pisarev H, Uibo O (2012) Nationwide study of childhood celiac disease 

incidence over a 35-year period in Estonia. Eur J Pediatr 171(12):1823-8.
 33. Iwanczak B, Matusiewicz K, Iwanczak F (2013) Clinical picture of classical, atypical and silent 

celiac disease in children and adolescents. Adv Clin Exp Med 22(5):667-73.
 34. Ravikumara M, Tuthill DP, Jenkins HR (2006) The changing clinical presentation of celiac disease. 

Arch Dis Child 91(12):969-71.
 35. Telega G, Bennet TR, Werlin S (2008) Emerging new clinical patterns in the presentation of celiac 

disease. Arch Pediatr Adolesc Med 162(2):164-8.
 36. Garampazzi A, Rapa A, Mura S, Capelli A, Valori A, Boldorini R, et al (2007) Clinical pattern of celiac 

disease is still changing. J Pediatr Gastroenterol Nutr 45(5):611-4.37.
 37. McGowan KE, Castiglione DA, Butzner JD (2009) The changing face of childhood celiac disease in 

north america: impact of serological testing. Pediatrics 124(6):1572-8.



Chapter 2

32

 38. Tapsas D, Hollén E, Stenhammar L, Fälth-Magnusson K (2016) The clinical presentation of celiac 
disease in 1030 Swedish children: changing features over the past four decades. Dig Liver Dis. 
48:16–22. 

 39.  Van Kalleveen MW., de Meij T., Plötz FB. Clinical spectrum of pediatric celiac disease: a 10-year 
single-centre experience. Eur J Pediatr. 2018 Apr;177(4):593-602.

 40. Popp A, Mäki M (2019) Changing Pattern of Childhood Celiac Disease Epidemiology: Contributing 
Factors. Front Pediatr. 7:357.






