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ORIGINAL ARTICLE
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Ketil Størdalg and Karl Mårildh,i

aDepartment of Pediatrics, Queen Silvia Children’s Hospital, Gothenburg, Sweden; bStatistiska konsultgruppen, Gothenburg, Sweden;
cSahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden; dDepartment of Clinical Immunology, Sahlgrenska University
Hospital, Gothenburg, Sweden; eDepartment of internal medicine and clinical nutrition, Institute of Medicine, Sahlgrenska Academy at
University of Gothenburg, Gothenburg, Sweden; fPediatric Clinical Research Center, Sahlgrenska University Hospital, Region V€astra G€otaland,
Gothenburg, Sweden; gDepartment of Pediatric Research, University of Oslo and Oslo University Hospital, Oslo, Norway; hDepartment of
Pediatrics, Institute of Clinical Sciences, Sahlgrenska Academy, Gothenburg, Sweden; iDepartment of Pediatric Gastroenterology, Queen
Silvia Children’s Hospital, Gothenburg, Sweden

ABSTRACT
Objectives: Celiac disease (CD) is a common yet largely underdiagnosed disease. This study aimed to
test the feasibility of incorporating a non-targeted CD screening in a pediatric outpatient setting and
evaluate its short-term impact on children with serological evidence of disease.
Methods: Over five months, 500 children (aged 2–17 years) attending a general pediatric outpatient
clinic in Gothenburg, Sweden, were enrolled and surveyed for current symptoms, quality of life, and
background characteristics; 481 children were screened for tissue-transglutaminase antibodies (tTGA);
repeated tTGA-positivity was defined as CD autoimmunity (CDA). Children with CDA were investigated
for CD and for one year monitored for changes in symptoms, and quality of life.
Results: Eleven of 481 (2.3%) screened children had CDA. Children with CDA were younger (median
3.8 years) than those without CDA (8.8 years). No other major between-group differences were
reported in background characteristics, symptoms, or quality of life. The screening was well-accepted
by the families/participants. During 1-year follow-up, 8 of 11 children with CDA were diagnosed with
CD. Children with screening-detected CD reported no significant changes in symptoms and quality of
life and the dietary adherence rate was good.
Conclusions: Non-targeted screening for CD was feasible in a general pediatric outpatient setting.
While hampered by small sample size, our results are in line with previous screening studies indicating
that symptoms do not differentiate CDA from non-CDA children. Also, among an overall minimal-
symptomatic group of children, diagnosing CD and installation of treatment did not significantly
change their well-being during 1-year follow-up.
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Introduction

Celiac disease (CD) is a chronic autoimmune disorder caused
by gluten ingestion [1]. The prevalence of CD is 1% world-
wide [2]. In children, CD diagnosis is established by either
repeated CD-specific serological markers >10x upper limit of
normal or by duodenal biopsy showing villous atrophy [1,3].
The disease is associated with, among others, impaired bone
health and psychiatric disorders [4–6]. Early CD diagnosis and
installation of a gluten-free diet (GFD) may prevent such
complications [4].

Currently, serological screening for CD is advised in chil-
dren with gastrointestinal symptoms and genetically high-risk
groups, such as patients with type 1 diabetes [7]. However,
despite today’s targeted CD screening, underdiagnosis is
common as the disease may cause few or no symptoms at all
[2]. Conversely, there is insufficient evidence on whether the

benefits of universal screening outweigh potential harms [8],
including concerns that a CD diagnosis may not confer clear
benefits in asymptomatic individuals [9].

While the best approach to identify CD is not yet estab-
lished, this study examines a novel, non-targeted CD screen-
ing program at a general pediatric outpatient clinic in
Sweden [10]. This screening approach may be viewed as a
middle ground between present-day high-risk screening and
universal screening for CD. Besides studies on CD screening
in adult outpatient settings [11–14], there are few data on
the diagnostic yield and practical implementation of CD
screening of children in a similar healthcare setting [15].

Hence, the primary aim of this study was to test the
hypothesis that it is feasible to incorporate a non-targeted
CD screening in a general pediatric outpatient clinic and that
such screening is well-accepted by the participants and their
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parents. Our secondary aim was to describe any short-term
changes in the well-being of children with screening-identi-
fied CD.

Methods

Study design and setting

Tissue-transglutaminase antibody (tTGA) screening for CD
was conducted at the general pediatric outpatient clinic in
Hisingen, Gothenburg, Sweden, between November 4, 2019,
and March 26, 2020. The clinic provides non-acute pediatric
care for a geographical area of some 36,000 children. In
2020, 3559 doctor’s visits, including 113 (3.2%) related to CD
follow-up, were held at the clinic; other common diagnostic
groups were asthma and allergy, obesity, constipation,
behavioral and mental disorders.

Briefly, children who after screening were confirmed posi-
tive for tTGA were included in a one-year structured follow-
up program at Queen Silvia Children’s Hospital, Gothenburg,
Sweden, for workup of CD and monitoring possible changes
in their symptoms and health-related quality of life (HRQoL)
from baseline. During the study period, local guidelines
required all pediatric CD in Gothenburg to be diagnosed at
the Queen Silvia Children’s Hospital (including non-biopsy
verified CD diagnoses).

Study sample

Children aged 2 to 17 years, who visited the clinic for what-
ever reason during the study period, were eligible to partici-
pate (Figure 1, Flowchart). Patients were recruited by
employees at the clinic and dedicated research personnel.
Children with pre-existing CD diagnosis or type 1 diabetes
(i.e., who are routinely screened for CD) were excluded from
serological testing but could participate in study surveys.
Swedish language proficiency was required to understand
the study surveys and give informed consent.

Serological screening

Participating children were screened for CD using IgA-tTGA
measurement by Fluorescence Enzyme Immunoassay (EliA
Celikey, Thermo Fisher Scientific, Sweden) at Sahlgrenska
University Hospital, Gothenburg, Sweden. Children indicated
to have low IgA (<0.07 g/L) were tested for IgG-tTGA.
Concentrations of IgA/IgG-tTGA �7U/ml were considered
positive [16]. Children positive for tTGA were re-tested two
weeks later for confirmation.

Follow-up

Children with confirmed tTGA positivity were included in a
one-year structured follow-up program for workup of CD
lead by last author KM. The diagnostic process of CD was
informed by national guidelines for CD (described below);
we did not practice a ‘watch and wait’ approach to the chil-
dren with positive tTGA screening. During follow-up, we

repeatedly surveyed symptoms and HRQoL. Once CD was
diagnosed, we monitored the adherence to the GFD.
Supplementary Figure 1 depicts an overview of the collected
data. The used questionnaires are described below.

Definition of outcomes

The primary outcome of the study was CD autoimmunity
(CDA) defined as repeated tTGA positivity. Children
screened negative for tTGA were referred to as non-CDA.
The secondary outcome of our study was a clinical diagno-
sis of CD at the end of a one-year follow-up. Diagnosis of
CD was made according to current Swedish national diag-
nostic guidelines [17]. Accordingly, the diagnosis of CD
required either confirmation of small-intestinal villous atro-
phy or, in a non-biopsy approach, repeated tTGA levels
above ten times the upper limit of normal (i.e., �70U/ml)
[7]. Although the national guidelines for CD are largely

Figure 1. Flowchart of study formation. 1In total, 2467 children visited the out-
patient clinic between November 2019 and March 2020. 2There were 500 chil-
dren enrolled aged 2–17 years old. 3Nineteen children with established celiac
disease (CD) were excluded from the serological testing and participated with
self-reported questionnaires. 4A concentration of IgA-tTGA �7.0 U/mL or IgG-
TGA �7.0 U/mL. 5A concentration of IgA-tTGA <7.0 U/mL or of IgG-TGA
<7.0 U/mL. 6One-year follow-up consisted of four visits at Queen Silvia
Children’s Hospital in Gothenburg. Serological evidence of CD in 11 children
(six boys and five girls).
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compliant with the revised ESPGHAN criteria [7], they are
adopted to the unavailability of endomysial antibody test
in Sweden.

Questionnaire data

At enrollment, we retrieved questionnaire data on socio-
demographic characteristics, past medical history of the
participant and family and the reason for the visit (i.e., pre-
senting complaint). Data were categorized as shown in Table
1. We surveyed the overall acceptance of the study, and chil-
dren aged �8 years reported the pain from blood draw using
a visual analog scale (VAS) ranging from 0 (‘no pain at all’) to
100 (‘pain as bad as it could be’). Children aged �12 years
(or �8 years for specific questionnaires [18–20] mainly
answered the questionnaires themselves and otherwise with
the support of their parents.

The following questionnaires were used in the study:

Gastrointestinal symptom rating scale (GSRS)
The 15-item GSRS questionnaire assesses the occurrence of
gastrointestinal symptoms in the past week within the fol-
lowing five domains: ‘Diarrhea’, ‘Indigestion’, ‘Constipation’,
‘Abdominal pain’ and ‘Reflux’. Each response ranges from 1
(no symptom) to 7 (most severe) forming sub-scores for each
domain and a total score where higher scores indicate more
severe symptoms [21,22]. While the GSRS was not specifically
designed for CD it has been used in CD research [23,24],
foremost on adult patients, and more occasionally in children
and adolecents [25–27].

Celiac disease symptom index (CSI)
This 16-item disease-specific questionnaire evaluates CD-
related symptoms using a 5-point Likert scale. In this study,
four questions were selected from CSI to capture extra-intes-
tinal symptoms such as headache, energy level, appetite, and
overall health [28]. The CSI has been validated in adults [28],
but not in children.

Kidscreen-27
KIDSCREEN-27 is a generic, self-reported, HRQoL instrument
that has been extensively validated for children 8–18 years of
various countries, including Sweden [18]. The questionnaire
is grouped into five dimensions including ‘Physical
Wellbeing’ (covering physical activity and energy),
‘Psychological Wellbeing’ (emotional balance and life satisfac-
tion), ‘Autonomy & Parent Relations’ (relationship with
parents and having age-appropriate freedom), ‘Social
Support & Peers’ (friendships), and ‘School Environment’
(cognition and feelings about school). Each item was scored
on a 5-point scale and summed by each dimension using a
Rasch model [29,30]. As previously described [18], sub-scores
were then transformed using country-specific T-values yield-
ing a mean score of 50 (standard deviation [SD] 10) which
defines normality for children 8–18 years (higher score¼bet-
ter HRQoL).

Celiac disease DUX (CDDUX)
This is a 12-item CD-specific HRQoL questionnaire using
emoji-like smileys responses, ranging from 1 ¼ ‘very sad face’
to 5 ¼ ‘very happy face’. The questionnaire has three dimen-
sions: ‘Communication’ (including feelings when talking about
the disease), ‘Diet’ (feelings about following a lifelong diet),
and ‘Having CD’ (feelings when offered gluten-containing
food). A higher score indicates better health [20,31]. The
instrument has been validated for 8–18-year-olds [20,31].

Celiac dietary adherence test (CDAT)
We used the Swedish version of CDAT (CDAT-SWE) to assess
GFD adherence of children diagnosed with CD [19,32]. The
questionnaire consists of seven items on a 5-point Likert
scale from which an additive score from 7 to 35 was calcu-
lated. Scores <13 indicate very good adherence, >17 indi-
cate poor adherence, and scores of 13–17 are inconclusive
[32]. The test has been validated for adults [32], but also
used in children aged �12 years [19].

Statistical analyses

We estimated differences in baseline characteristics, surveyed
symptoms, and HRQoL between children with vs. without
CDA using Fisher’s exact test, Chi-Square test, Mann-Whitney
U-test, and Wilcoxon Signed-Rank test, as appropriate. We
report means/medians, numbers and percentages of non-
missing values. Missingness related to incomplete answered
questionnaires. All significance tests were two-sided and con-
ducted at the 5% significance level. SAS Version 9.4, (SAS
Institute, Cary, NC, USA) was used for the statistical analyses.
See Supplementary material, Power analysis.

Post-hoc analysis
In a post-hoc analysis, we used ANCOVA Tukey to adjust for
child’s age for differences in extra-intestinal manifestations of
CSI, GSRS and KIDSCREEN-27 sub-scores of children with vs
without CDA.

Ethics

This study was approved by the Swedish Ethical Review
Authority (Dnr 2019-01950).

Informed consent was received from all participants.

Results

A total of 2467 children visited the outpatient clinic during
the study period, out of whom approximately 2000, aged
2–17 years, were approached and 500 enrolled in the study
(the exact number of children approached, and reason for
non-participation was not documented). A total of 481 chil-
dren were serologically screened for CD; the remaining 19
participants had a pre-existing CD diagnosis and were hence
not screened (Figure 1, Flowchart). Three children (0.6%) had
total IgA levels <0.07 g/L and were tested for IgG-tTGA. The
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Table 1. Background characteristics of children with celiac disease autoimmunity (CDA), non-CDA and preexisting celiac disease (CD). Reported numbers, percen-
tages and medians/means relate to non-missing valuesa.

Variable Total (n¼ 500) CDA (n¼ 11) Non-CDA (n¼ 470) Preexisting CD (n¼ 19)

Age, median (min; max)b 8.8 (2.0; 17.9) 3.8 (3.1; 14.6) 8.8 (2.0; 17.9) 12.9 (3.6; 17.9)
Girls, n (%) 252/500 (50%) 5/11 (46%) 238/470 (51%) 9/19 (47%)
Accompanying parent
Age [years], median (min; max) 41 (22; 79) 36 (27; 45) 40 (22; 79) 46 (32; 54)
University education, n (%) 313/494 (63%) 8/11 (73%) 290/464 (63%) 15/19 (79%)
Employed, n (%) 426/494 (86%) 9/11(82%) 399/464 (86%) 18/19 (95%)

Other parent
Age [years], median (min; max) 42 (25; 78) 38 (31; 50) 42 (25; 78) 47.5 (31; 49)
University education, n (%) 248/467 (53%) 8/10 (80%) 232/443 (52%) 8/14 (57%)
Employed, n (%) 425/467 (91%) 8/10 (80%) 405/443 (91%) 12/14 (86%)

Parents living together 395/466 (85%) 10/10 (100%) 373/442 (84%) 12/14 (86%)
Birthplace of the participant
Sweden, n (%) 464/490 (95%) 11/11(100%) 435/460 (95%) 18/19 (95%)
Other countries, n (%) 26/490 (5%) 0/11 (0%) 25/460 (5%) 1/19 (5%)

Birthplace of the biological mother
Sweden, n (%) 343/490 (70%) 9/11 (82%) 320/460 (70%) 14/19 (74%)
Other countries, n (%) 147/490 (30%) 2/11 (18%) 140/460 (30%) 5/19 (26%)

Birthplace of the biological father
Sweden, n (%) 325/487 (67%) 9/11 (82%) 301/457 (66%) 15/19 (79%)
Other countries, n (%) 162/487 (33%) 2/11 (18%) 156/457 (34%) 4/19 (21%)

Reason for the visit (‘presenting complaint’)
Allergy, asthma, n (%) 137/392 (35%) 5/11 (45%) 129/365 (35%) 3/16 (19%)
Gastrointestinal symptoms, n (%) 92/392 (23%) 3/11 (27%) 79/365 (22%) 10/16 (63%)
Neurologic disorders (incl. headache), n (%) 30/392 (8%) 0/11 (0%) 30/365 (8%) 0/16 (0%)
Overweight and symptoms related to puberty or metabolism, n (%) 37/392 (9%) 0/11 (0%) 37/365 (10%) 0/16 (0%)
Respiratory tract infection, n (%) 18/392 (5%) 1/11 (9%) 17/365 (5%) 0/16 (0%)
Other, n (%) 78/392 (20%) 2/11(18%) 73/365 (20%) 3/16 (19%)

Past medical historyd

Abdominal pain, n (%) 185/492 (38%) 5/11 (45%) 168/462 (36%) 12/19 (63%)
Anemia, n (%) 18/493 (4%) 0/11 (0%) 15/463 (3%) 3/19 (16%)
Asthma, n (%) 146/493 (30%) 4/11 (36%) 138/463 (30%) 4/19 (21%)
Diarrhea or constipation, n (%) 149/493 (30%) 4/11 (36%) 140/463 (30%) 5/19 (26%)
Eczema, n (%) 120/493 (24%) 3/11 (27%) 113/463 (24%) 4/19 (21%)
Failure to thrive, n (%) 96/493 (19%) 1/11 (9%) 93/463 (20%) 2/19 (11%)
Food allergyc, n (%) 91/493 (18%) 4/11 (36%) 78/463 (17%) 9/19 (47%)
Pollen allergies, n (%) 114/491 (23%) 4/11 (36%) 106/461 (23%) 4/19 (21%)
Psychological symptoms, n (%) 67/492 (14%) 0/11 (0%) 63/462 (14%) 4/19 (21%)
Respiratory tract infection, n (%) 59/492 (12%) 2/11 (18%) 56/462 (12%) 1/19 (5%)
Urinary tract infection, n (%) 40/492 (8%) 2/11 (18%) 35/462 (8%) 3/19 (16%)
Urticaria, n (%) 57/492 (12%) 2/11 (18%) 52/462 (11%) 3/19 (16%)
Other diseases, n (%) 289/492 (59%) 1/11 (9%) 276/462 (60%) 12/19 (63%)

Number of previous pediatric outpatient visits over the last year
0, n /%) 23/492 (5%) 0/11 (0%) 21/462 (5%) 2/19 (11%)
1, n (%) 178/492 (36%) 5/11 (46%) 164/462 (35%) 9/19 (47%)
2, n (%) 125/492 (25%) 3/11(27%) 118/462 (26%) 4/19 (21%)
�3, n (%) 166/492 (34%) 3/11 (27%) 159/462 (34%) 4/19 (21%)

First-degree relative with autoimmune disease
Celiac diseasee, n (%) 20/500 (4%) 1/11 (9%) 14/470 (3%) 5/19 (26%)
Type 1 diabetes, n (%) 17/500 (3%) 0/11 (0%) 17/470 (4%) 0/19 (0%)
Other autoimmune diseasesf, n (%) 110/500 (22%) 2/11 (18%) 104/470 (22%) 4/19 (21%)

Previously screened for CD antibodies, n (%) 95/470 (20%) 0/11 (0%) 95/459 (21%) –
Weight and height
Weight, mean SDS (SD) 0.2 (1.7) �0.1 (1.0) 0.2 (1.8) 0.6 (1.3)
Height, mean SDS (SD) �0.1 (1.3) �0.2 (1.1) �0.1 (1.3) 0.3 (1.2)

Data given as numbers and percentages of non-missing values (%), unless otherwise stated. Missingness relate to varying response rate between questions (i.e.,
incomplete answering of the questionnaires). Intergroup comparison for children with CDA, without CDA and preexisting CD was mostly not significant (most p
> .20) except for a few variables that follow below. For pairwise comparison, Fisher’s Exact test (2-sided) was used for dichotomous variables, Mantel-Haenszel
Chi-Square test was used for ordered categorical variables, Chi-Square test was used for non-ordered categorical variables and Mann-Whitney U-test was used
for continuous variables.
aMissing values were 0–13 except for ‘other parent’ and ‘parents living together’ with 33 and 34 missing, respectively, and ‘Reason for the visit’, i.e., the present-
ing complaint, with overall missing for 108 participants.
bp¼ .001 for CDA vs preexisting CD and p¼ .002 for non-CDA vs preexisting CD.
cp¼ .01 for non-CDA vs preexisting CD.
dSelf-reported past medical history. ‘Other diseases’ include reports of liver disease, thyroid disease, rheumatic disease, overweight, developmental delay, head-
ache, short stature, delayed puberty, neuropsychiatric conditions and fractures.
ep< .0001 for non-CDA vs preexisting CD.
fOther autoimmune diseases were psoriasis, liver, rheumatic and thyroid diseases.
SD: standard deviation, SDS¼ standard deviation score.
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majority preferred capillary blood sampling (64%) rather than
venous blood sampling. The mean VAS pain score at blood
draw was 26 (SD 21) (median 20, range 0–100). Participants
reported being overall satisfied with their participation in the
study (See Supplementary Table 1).

Screening-detected celiac disease autoimmunity and
pre-existing celiac disease

Eleven screened children had persistent tTGA-positivity (i.e.,
CDA) and 470 children were tTGA negative (non-CDA). No
children had transient tTGA positivity at screening (i.e., one
positive and one negative test). Most of the children with a

pre-existing CD diagnosis (n¼ 14/19, 74%) reported that their
diagnostic workup had been initiated due to symptoms of
disease which, on average, had been present one year before
diagnosis. Almost half of the children had a biopsy-verified
CD diagnosis (n¼ 9/19, 47%), and the remaining a serology-
based, diagnosis.

Background characteristics at screening

The median age was 8.8 years (range, 2.0–17.9) for all partici-
pants, 3.8 years (3.1–14.6) for children with CDA, and
8.8 years (2.0–17.9) for children without CDA (p < .01). Half
of the participants were girls and there was comparable

Table 2. Gastrointestinal and extra-intestinal symptoms in children with celiac disease autoimmunity (CDA), non-CDA and preexisting celiac disease (CD).
Reported numbers, percentages and means relate to non-missing valuesa.

Variable Total (n¼ 490)a CDA (n¼ 11) Non-CDA (n¼ 460)a Preexisting CD (n¼ 19)

GSRS, mean (SD)
Total score 1.57 (0.66) 1.52 (0.45) 1.57 (0.64) 1.68 (1.05)
Diarrhea syndrome 1.50 (0.86) 1.64 (0.78) 1.48 (0.83) 1.70 (1.44)
Indigestion syndrome 1.75 (0.93) 1.52 (0.66) 1.74 (0.93) 1.89 (1.14)
Constipation syndrome 1.67 (1.06) 1.91 (0.97) 1.66 (1.05) 1.81 (1.42)
Abdominal pain syndrome 1.69 (0.91) 1.45 (1.01) 1.70 (0.90) 1.75 (1.15)
Reflux syndrome 1.27 (0.67) 1.09 (0.30) 1.27 (0.67) 1.24 (0.81)

Selected items from CSI, n (%)
Low energy level
None of the time 228/490 (47%) 6/11 (55%) 217/460 (47%) 5/19 (26%)
A small part of the time 135/490 (28%) 2/11 (18%) 126/460 (27%) 7/19 (37%)
Some/most/All of the time 127/490 (26%) 3/11 (27%) 117/460 (25%) 7/19 (37%)

Headache
None of the time 295/490 (60%) 10/11 (91%) 276/460 (60%) 9/19 (47%)
A small part of the time 121/490 (25%) 1/11 (9%) 111/460 (24%) 9/19 (47%)
Some/most/All of the time 74/490 (15%) 0/11 (0%) 73/460 (16%) 1/19 (5%)

Loss of appetite
None of the time 278/490 (57%) 7/11 (64%) 260/460 (57%) 11/19 (58%)
A small part of the time 105/490 (21%) 1/11 (9%) 101/460 (22.0%) 3/19 (16%)
Some/most/all of the time 107/490 (22%) 3/11 (27%) 99/460 (22%) 5/19 (26%)

Health overall
Poor/terrible 15/490 (3%) 0/11 (0%) 14/460 (3.0%) 1/19 (5%)
Fair 102/490 (21%) 4/11 (36%) 95/460 (21%) 3/19 (16%)
Good 213/490 (43%) 5/11 (45%) 196/460 (43%) 12/19 (63%)
Excellent 160/490 (33%) 2/11 (18%) 155/460 (34%) 3/19 (16%)

Data from the Gastrointestinal Symptom Rating Scale (GSRS), where a low score indicates fewer gastrointestinal symptoms, and four items from Celiac symptom
index (CSI) on extra-intestinal symptoms. The GSRS domains and total score range from 1 (no symptom) to 7 (most severe). There were no differences between
children with CDA, without CDA and preexisting CD (all p> 0.10) except in CSI where children with non-CDA and preexisting CD reported more often headache
the past four weeks (p¼ .05 and p¼ .02). For pairwise comparison between groups, Fisher’s Exact test (2-sided) was used for dichotomous variables, Mantel-
Haenszel Chi-Square test was used for ordered categorical variables, Chi-Square test was used for non-ordered categorical variables and the Mann-Whitney U-
test was used for continuous variables.
aMissing data, n¼ 10 (all within the non-CDA group of children) due to non-response to GSRS and CSI.
SD: standard deviation.

Table 3. Health-related quality of life (HRQoL) using KIDSCREEN-27 in children with celiac disease autoimmunity (CDA), non-CDA and pre-
existing celiac disease (CD). Reported means/medians relate to non-missing valuesa.

Kidscreen-27 dimension:
CDA (n¼ 11)
Mean (SD)

Non-CDA (n¼ 460)a

Mean (SD)
Preexisting CD (n¼ 19)

Mean (SD)

Physical Wellbeing 51.6 (13.8) 49.2 (10.5) 45.2 (8.2)
Psychological Wellbeing 51.8 (7.9) 51.6 (10.0) 48.7 (9.7)
Parents and Autonomy 58.6 (11.6) 55.8 (9.9) 54.3 (8.4)
Social support and Peers 52.4 (9.4) 51.7 (10.7) 51.0 (6.7)
School Environment 60.0 (11.3) 55.1 (10.0) 53.8 (6.7)
Total score, median (min; max) 119 (89; 132) 114 (63; 135) 108 (92; 128)

Displayed KIDSCREEN-27 sub-scores have been transformed into T-scores were a mean (standard deviation, SD) of 50 ± 10 defines normality
for European children aged 8–18 years. A higher score indicates a higher HRQoL.
There were no significant differences between children with CDA, without CDA and preexisting. All P-values >0.10 except for comparison
between CDA and preexisting CD for ‘school environment’ (p¼ .08). Mann-Whitney U-test was used for intergroup comparison. Due to
internal attrition, total score was only estimated for ten participants with CDA.
aMissingness relate to varying response rate between questions in each dimension with missing values in 10–16 of non-CDA children and
one (n¼ 1) missing in ‘School environment’ dimension of CDA children.
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ethnicity, autoimmune heredity, parental educational level,
and parental employment rate between children with CDA
and non-CDA (Table 1). Overall, asthma and allergy (35%) fol-
lowed by gastrointestinal symptoms (23%) were the most
common reasons (i.e., presenting complaint) for attending
the pediatric outpatient clinic, with no major differences
reported between children with vs. without CDA (Table 1, all
p > .20). Only three of eleven children with CDA reported
gastrointestinal symptoms as their main reason for the visit.
Most of the participants (60%) had two or more previous vis-
its over the last 12months; all children with screening-identi-
fied CDA had during the same period at least one previous
visit (Table 1).

Gastrointestinal and extra-intestinal symptoms
at screening

Generally, the participants experienced minor gastrointestinal
symptoms that were similar both in overall severity, and
across the five dimensions of GSRS for children with vs. with-
out CDA (all p > .10). Also surveyed extra-intestinal symp-
toms were largely similar between groups (Table 2). Most
children reported their overall health as ‘good’ or ‘excellent’
(CDA, n¼ 7/11 [63%], non-CDA, n¼ 351/460 [77%]; Table 2).
P-values adjusted for age were largely unchanged and
remained non-significant for differences in GSRS sub-scores
and extra-intestinal symptoms of CDA vs non-CDA children
(all p� .34).

Health-related quality of life at screening

Using the generic HRQoL-questionnaire KIDSCREEN-27, over-
all HRQoL was similar for children with vs. without CDA
(median total score, CDA ¼ 119, and non-CDA ¼ 114;
p¼ .44). The sub-scores of all five domains had T-values
around or above 50, indicating a good HRQoL (Table 3) with
no significant differences between CDA and non-CDA chil-
dren in any of the five dimensions. For instance, the sub-
score of psychological well-being was 51.8 in children with
CDA and 51.6 in children without CDA (p¼ .82). Age-adjusted
P-values remained essentially unchanged and non-significant
for differences in KIDSCREEN-27 sub-scores of CDA vs non-
CDA children (e.g., p¼ .85 for sub-score of psychological
well-being).

One-year follow-up program: celiac investigation and
monitoring of well-being

Of 11 children with serological evidence of CD, eight were
diagnosed with CD: four had repeated tTGA test above ten
times the upper limit of normal, and four had villous atrophy
(i.e., Marsh 3) at small-intestinal biopsy. Three children were
not diagnosed with CD, two because of spontaneous normal-
ization of tTGA during follow-up, and one child, who
remained tTGA positive, had normal mucosa at small-intes-
tinal biopsy; none of the children were reported to have

lowered their gluten intake during CD investigation.
Supplementary Table 2 details clinical data from the CD
investigation of children with CDA. Three out of eight chil-
dren diagnosed with CD had prior to screening reported
symptoms or signs which according to ESPGHAN guidelines
should have prompt testing for CD [7]. Participants with CDA
were overall satisfied with study participation (data
not shown).

During the one-year follow-up, children with screening-
detected CDA experienced no major changes in symptoms
compared to baseline (See Supplementary Table 3).
Furthermore, the children reported during follow-up no sig-
nificant changes in their overall and dimensional sub-scores
of HRQoL as measured by KIDSCREEN-27 (Change in overall
median score 1.0 [�21;28], p¼ .75; Supplementary Table 3).
At the end of one-year follow-up, children diagnosed with
CD had a mean CDDUX (CD-specific) HRQoL-score of 3 (indi-
cated by a ‘neutral face’-emoji). However, four of the children
reported difficulties (‘sad’ or ‘very sad faces’) specifically for
‘not being able to eat like other people’ and ‘thinking about
gluten-containing food’ (Supplementary Figure 2). The mean
CDAT adherence score after CD diagnosis was 10 (range,
6–15), indicating ‘very good adherence’.

Discussion

This study shows that screening for CD is feasible in a gen-
eral pediatric outpatient setting. We found that 11 of 481
(2.3%) screened children had serological evidence of CD, out
of whom eight fulfilled diagnostic criteria for CD during fol-
low-up. No major differences in symptoms and HRQoL were
observed between children with vs. without serological posi-
tivity at screening, nor did we observe major changes in
symptoms and HRQoL among screening-positive children
after CD diagnosis and installation of GFD. Notably, only
three out of eight children with screening-identified CD met
current criteria for CD case finding (e.g., gastrointes-
tinal symptoms).

To our knowledge, this is one of the first European
screening programs for CD incorporated into a pediatric out-
patient clinic. Compared to universal, population-based
screening, our approach benefits from an existing infrastruc-
ture for a blood draw, analyses, and follow-up of screening
results. There are also ethical differences between universal
screening and screening of patients seeking healthcare who
already expect workup for their symptoms or medical condi-
tion [9]. Aptly called ‘the great pretender’, CD may show up
masked as many childhood conditions. On the other hand, at
best, our approach would only identify those who seek
healthcare. Furthermore, in settings without accessible
healthcare, such an approach may cause ethical concerns as
it may bring more benefits for those with better socio-eco-
nomic status. From an ethical perspective it is also note-
worthy that three out of eleven screening-positive children
in this study were eventually not diagnosed and thus had an
unnecessary workup.
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Strengths and limitations

A strength of this study derives from using validated and
extensively researched questionnaires, such as the generic
HRQoL-questionnaire KIDSCREEN-27 [18]. Validated question-
naires ensure high-quality data that are comparable, both
longitudinally for a specific participant and across studies.
However, as CSI and GSRS have only been validated in adults
[23,24,28], their use in children should be more cautiously
interpreted. Our detailed data on background characteristics
are additional strengths. Finally, a structured one-year follow-
up of screening-positive children allowed us to establish the
diagnosis of CD. While we described major short-term
changes in the well-being during workup and post-diagnosis,
it was beyond the scope of this study to determine the
effect of CD diagnosis and GFD treatment on the asymptom-
atic child in general.

A limitation of this study was its small sample size
(n¼ 500); due to internal attrition (incomplete answered
questionnaires) the actual number of included participants
was in some analyses even lower. Our sample size meant a
risk of committing a type-2 error (i.e., to erroneously accept
a false null hypothesis). While our results did not indicate
major differences in symptoms and HRQoL between children
with vs. without screening-detected CDA, our limited sample
size and wide age distribution prevents us from ruling out
such differences in specific age-groups of children [18,20,33].

In this study CD was diagnosed based on national diag-
nostic guidelines. In contrast with ESPGHAN 2020 criteria
requiring positive endomysial antibodies for a non-biopsy CD
diagnosis [7], the Swedish guidelines [17], due to an unavail-
ability of endomysial antibody tests, allow for a non-biopsy
CD diagnosis using repeated tTGA tests above ten times the
upper limit of normal. While some reports have indicated
that a tTGA-based strategy alone may be predictive of CD
even without biopsy [34], we acknowledge that serology
strategies beyond ESPGHAN 2020 need to be more carefully
evaluated to be fully evidence based [35].

Lastly, even though the participants generally reported
few worries regarding screening, and were satisfied with
screening and follow-up, only around one in four of those
invited for screening agreed to participate in the study.
Although the reason for non-participation was not docu-
mented, the low participation rate may indicate a lack of
awareness of pauci-symptomatic CD and the potential bene-
fits of early detection. It is also possible that a simplified
screening process, e.g., expedited consent and information
retrieval, could increase the participation rate. Due to lack of
data, it is unknow if patient characteristics differed between
those included vs. not included in the study. For example,
we cannot rule out that the genetic risk of CD (e.g., CD
hereditability) may have been higher among those included
vs. not included in the study.

Interpretation of findings and previous literature

In this study, 2.3% (n¼ 11/481) of children had serological
evidence of CD, a prevalence which is similar to the 2.1%

undiagnosed CD reported in a population-based study of
Swedish 12-year-olds born during the so-called ‘Swedish CD
epidemic’ (1984–1996), characterized by a high incidence of
CD in early life [2]. The prevalence of undetected CD has
seemed to be somewhat lower (1.6%) in Swedish children
born after the ‘epidemic’ (1997) [36].

While firm conclusions are hampered by our small sample
size, one could have expected a higher underlying CD preva-
lence in our healthcare setting, where children with CD-
related autoimmune conditions (e.g., thyroiditis [37] should
be more prevalent compared to the average Swedish popu-
lation. In adults, the prevalence of undiagnosed CD in pri-
mary care settings have been reported to be between 1%
(USA and United Kingdom) and 2% (Finland) [11,13,14], and
around 3% in secondary care settings [12].

Gastrointestinal symptoms
Overall, participants experienced few gastrointestinal symp-
toms, although one in four reported such symptoms as their
presenting complaint to seek outpatient care. The mean
GSRS score was very similar between the children with CDA
and without CDA. This finding aligns with previous pediatric
studies suggesting that symptoms, including gastrointestinal
manifestations, are poor predictors of undiagnosed CD
[2,38–40]. Similar findings have been reported in adults with
screening-detected CD [11,14].

The overall few symptoms reported at the time of screen-
ing may, as indicated by previous works [41], also explain
why we did not detect major changes in gastrointestinal or
extra-intestinal symptoms related to CD during follow-up.

Health-related quality of life
In our study, the HRQoL measured by the KIDSCREEN-27
questionnaire was similar in children with and without CDA/
CD. These results are in accordance with several previous
studies indicating that individuals with few symptoms have
not or only slightly decreased HRQoL [42–44]. While a formal
interaction analysis between HRQoL and symptom score was
outside the scope of this study, it is conceivable that the
similar HRQoL of CDA and non-CDA groups of children might
be explained by the overall few symptoms of this popula-
tion. Some children may even be accustomed to their condi-
tion and not realizing that they have symptoms [42,45].

While some follow-up studies after CD screening have
shown an improvement of HRQoL, particularly for children
who were symptomatic at the time of diagnosis [44], others
have instead shown a reduced HRQoL after diagnosis, follow-
up, and installation of GFD [20,46]. Yet other studies have
[43,47], similar to our results, found no change on HRQoL
during follow-up after CD screening. Similar to above, it is
possible that a change in HRQoL after CD screening is dir-
ectly related to symptom severity at CD diagnosis [44].

Finally, we found children with screening-detected CD to
have a good adherence to GFD. Although our data were
based on few children, similar findings have been noted in
other screening studies for CD [24,45,48].
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Conclusions

This study showed that non-targeted screening for CD was
feasible in a general pediatric outpatient setting. While ham-
pered by a small sample size, our results are in line with pre-
vious studies indicating that symptoms do not differentiate
CDA from non-CDA children. Also, among an overall min-
imal-symptomatic group of children, diagnosing CD and
installation of treatment did not significantly change their
well-being during one-year follow-up. Therefore, larger-scale
studies are needed to determine the diagnostic yield, bene-
fits and cost-effectiveness of CD screening more precisely
within real-world clinical settings.
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