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Celiac disease in children with type 1 diabetes 
Whom and when to screen? 

. .

Prevalence and predictive 
factors for Celiac Disease 

after diabetes diagnosis in a 
population based of 5,295 

Swedish children. 

Objective Results
9.8% with Celiac Disease

Majority diagnosed before or at 
diabetes diagnosis.

Risk factors
Young age at diabetes diagnosis

HLA DQ2

Time after diabetes diagnosis

Sex and diabetes 
autoantibodies were not risk 

factors.

Screening for Celiac Disease
At diabetes diagnosis – ALL 
CHILDREN

Two years after diabetes 
diagnosis – CHILDREN 0-5 
YEARS OLD AT DIABETES 
DIAGNOSIS

Five years after diabetes 
diagnosis – CHILDREN 0-10 
YEARS OLD AT DIABETES 
DIAGNOSIS

Before transfer to adult care –
ALL CHILDREN

Improve screening
guidelines.

ARTICLE HIGHLIGHTS

� Why did we undertake this study?
Children with type 1 diabetes (T1D) are screened regularly for celiac disease (CD), but most are unnecessarily screened.

� What is the specific question(s) we wanted to answer?
How can we improve current screening guidelines for CD in children with T1D?

� What did we find?
One in ten with T1D also got a CD diagnosis, and most were diagnosed before or at T1D diagnosis. Young age at and short time after T1D
diagnosis were risk factors for CD.

� What are the implications of our findings?
New individual-based screening recommendations should be considered regarding when to screen for CD in children with T1D.
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OBJECTIVE

To examine the prevalence and predictive factors for celiac disease (CD) after a di-
agnosis of type 1 diabetes (T1D) in children and adolescents, to improve the cur-
rent screening guidelines.

RESEARCH DESIGN AND METHODS

The association between sex, age at T1D diagnosis, HLA, and diabetes autoanti-
bodies, and a diagnosis of CD was examined in 5,295 children with T1D from the
Better Diabetes Diagnosis study in Sweden.

RESULTS

The prevalence of biopsy-proven CD was 9.8%, of which 58.2% already had a CD
diagnosis before or at T1D onset. Almost all, 95.9%, were diagnosed with CD
within 5 years after the T1D diagnosis. Younger age at the T1D diagnosis and be-
ing homozygote for DQ2 increased the risk of CD after T1D, but neither sex nor
diabetes-related autoantibodies were associated with the risk.

CONCLUSIONS

Age at and time after diabetes diagnosis should be considered in screening guide-
lines for CD in children with T1D.

Routine screening for celiac disease (CD) in children with type 1 diabetes (T1D) is
common (1), but the recommendations/guidelines for screening are not well estab-
lished (2,3). The aims of this study were to 1) investigate the prevalence of con-
firmed CD before, at, and up to 10 years after the diagnosis of T1D, 2) study
potential predictive factors for CD after T1D diagnosis in children and adolescents,
and 3) improve current screening guidelines for CD in children with T1D.

RESEARCH DESIGN AND METHODS

The study group was from the nationwide cohort study, the Better Diabetes Diagnosis
(BDD) study, ongoing since 2005 and including >90% of all children and adolescents
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aged #18 years with a diabetes diagno-
sis in Sweden (4). Between May 2005
and December 2012, 5,451 children were
included in BDD, of whom 5,295 were di-
agnosed with T1D (Fig. 1). Diagnosis of
T1D was based on criteria by the Ameri-
can Diabetes Association (5) and validated
using inpatient and outpatient registries
from the Swedish National Patient Regis-
ter (NPR) (6), administered by the Swed-
ish National Board of Health and Welfare.
T1D was defined using the International
Classification of Diseases (ICD) 9th and
10th editions: 250A-X (ICD-9) or E10.0–9
(ICD-10).
Information on patients with a CD re-

corded in the NPR (6) was collected retro-
spectively (1987–2016). CD was defined
using ICD-9 and ICD-10 as 579A (ICD-9) or
K90.0, K90.0A, K90.0B, or K90.0x (ICD-10).
CD was diagnosed by intestinal biopsy ac-
cording to national guidelines in Sweden
and those of the European Society for Pe-
diatric Gastroenterology, Hepatology, and
Nutrition (ESPGHAN) (7).

The date of T1D diagnosis was col-
lected from the BDD study. The first
date with an ICD code defining CD in
the NPR was the date of CD diagnosis.

In Sweden, all children are screened by
transglutaminase autoantibodies at diag-
nosis of T1D and generally yearly thereaf-
ter; therefore, the study population was
divided into four groups according to the
timing of the CD diagnosis in relation to
the T1D diagnosis.

• Group 1: Children with a known CD
before T1D diagnosis.

• Group 2: Children diagnosed with CD
at T1D. These children were detected
with transglutaminase autoantibodies
at T1D diagnosis and received a CD di-
agnosis within 11.9 months after T1D
diagnosis. This group probably had an
undiagnosed CD at T1D diagnosis.

• Group 3: Children who developed
CD after T1D diagnosis; that is, CD
diagnosis $12 months after the T1D
diagnosis.

• Group 4: Children with no diagnosis of
CD after up to 10 years’ follow-up.

Follow-up time started at T1D diagno-
sis and ended at CD diagnosis, 18 years
of age, or at the end of follow-up on 31
December 2016. Information on age, sex,
HLA-DQ type, and diabetes-related auto-
antibodies at diagnosis of T1D was ob-
tained from BDD (4). The cohort was
stratified by age at T1D diagnosis (i.e.,
0–4.9, 5–9.9, 10–14.9, and 15–18 years).

Extended HLA-DQ types were deter-
mined using information on DQA1 and
DQB1 alleles available from the BDD study
(4). The alleles were combined into haplo-
types and encoded as DQ types (Supple-
mentary Appendix 1). Other DQ-alleles be-
sides DQ2 andDQ8 are namedDQX.

Diabetes-related autoantibodies at
T1D diagnosis, GAD antibody (GADA),
insulin autoantibody (IAA), islet antigen
2 antibodies (IA-2A), and zinc trans-
porter 8 autoantibodies (ZnT8A), were
analyzed in all children diagnosed with

5,451 children
registered in BDD1 2005-2012

Study population 5,295 
children with T1D.

BDD13: 3870
BDD24: 1425

CD 521 (9.8%)

No T1D diagnosis in NPR2

n=151 
Age > 18 years at T1D 

diagnosis n= 5.

Group 1
CD before T1D

99 (1.9%)
BDD13: 62
BDD24: 37

Group 2
CD at T1D diagnosis

204 (3.9%)
BDD13: 151
BDD24: 53

4,806 children screened
yearly for CD

BDD13: 3518
BDD24: 1288

Group 3
CD after T1D diagnosis

218 (4.5%)
BDD13: 175
BDD24: 43

Group 4
Only T1D

4,588 (95.5%)
BDD13: 3343
BDD24: 1245

186 children with less than
1-year of follow-up

Figure 1—Flowchart of inclusion and exclusion criteria in the study population and the prevalence of CD in the different groups based on when CD
is diagnosed in relation to T1D diagnosis.1BDD, Better Diabetes Diagnosis study. 2NPR, Swedish National Patient Register. 3BDD1, children included
in BDD between May 2005 and December 2010. 4BDD2, children included in BDD from January 2011 until December 2012.
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diabetes between May 2005 and Decem-
ber 2010 (named BDD1). As part of a na-
tional clinical routine, children diagnosed
with diabetes after December 2010 were
only tested for GADA and IA-2A, and if
negative, analyses of IAA or/and ZnT8A
were also performed (named BDD2) (4).
Therefore, only children from BDD1 were
included to study associations between
any of the four autoantibodies at diagno-
sis of T1D and CD. The methods used for
analyses of HLA and autoantibodies have
been described previously (4).

This study was approved by the Ethics
Committee of the Medical Faculty, Lund
University (Dnr 2014/476) and by the Re-
gional Ethics Board at Karolinska Institutet,

Stockholm (Dnr 04-826/1, 2006/1082-32,
2007/1383-32).

Statistical analyses were performed
with IBM SPSS Statistics 25 and 28 soft-
ware. Descriptive data are presented as
frequencies and percentages or means
and SDs. To compare means, the Stu-
dent t test and one-way ANOVA were
used. For categorical variables, the Pear-
son x2 test was used. Statistical signifi-
cance was determined at a = 0.05.

RESULTS

Figure 1 shows the prevalence of biopsy-
proven CD. Mean follow-up time after
T1D diagnosis was 5.8 (SD 2.5) years,

where 317 children (6.0%) were followed
for $10 years. More girls, 11.7%, had a
double diagnosis compared with 8.3% of
boys (P < 0.001), but in those diagnosed
with CD after T1D, there was no signifi-
cant difference in the proportion of girls
versus boys (see demographic character-
istics in Table 1).

Of those with a double diagnosis,
58.2% (n = 303) were diagnosed before
or at T1D diagnosis (Fig. 2). Mean time
to CD diagnosis for those diagnosed after
T1D was 2.69 (SD 1.63) years, and 95.9%
(n = 209) were found within 5 years after
T1D diagnosis. Of 2,137 children who
were screened for CD >5 years after T1D
diagnosis, 9 (0.4%) had a CD diagnosis.

Table 1—Demographic characteristics at the time of T1D diagnosis by subgroups and comparisons between groups 3 and 4

Group 1: CD
before T1D

Group 2: CD
at T1D

diagnosis
Group 3: CD
after T1D

Group 4:
only T1D

Group 3 vs.
group 4
P value

Age at T1D diagnosis
(years), mean (SD)

10.7 (4.06) 9.9 (4.12) 6.6 (4.26) 9.7 (4.29) <0.001

Sex

Female 52 (52.5) 121 (59.3) 109 (50.0) 2,042 (44.5) 0.11
Male 47 (47.5) 83 (40.7) 109 (50.0) 2,546 (55.5)

HLA

DQ2/DQ8 39 (39.4) 83 (40.7) 80 (36.7) 1,339 (29.2) 0.036
DQ2/DQ2 21 (21.2) 36 (17.6) 25 (11.5) 212 (4.6) <0.001
DQ2/DQX 22 (22.2) 24 (11.8) 37 (17.0) 551 (12.0) 0.044
DQ8/DQ8 8 (8.1) 28 (13.7) 24 (11.0) 476 (10.4) 0.874
DQ8/DQX 7 (7.1) 29 (14.2) 50 (22.9) 1,364 (29.7) 0.016
DQX/DQX 0 (0) 1 (0.5) 0 (0) 478 (10.4) <0.001
Missing 2 (2.0) 3 (1.5) 2 (0.9) 168 (3.7)

Autoantibodies*

0 5 (8.1) 5 (3.3) 7 (4.0) 249 (7.4) 0.095
1 5 (8.1) 27 (17.9) 25 (14.3) 388 (11.6) 0.245
2 20 (32.3) 35 (23.2) 51 (29.1) 833 (24.9) 0.161
3 23 (37.1) 44 (29.1) 57 (32.6) 1,106 (33.1) 0.995
4 6 (9.7) 34 (22.5) 23 (13.1) 589 (17.6) 0.148
Missing 3 (4.8) 6 (4.0) 12 (6.9) 178 (5.3)

GADA*

Positive 43 (69.4) 99 (65.6) 106 (60.6) 2,052 (61.4) 0.80
Negative 19 (30.6) 52 (34.4) 69 (39.4) 1,283 (38.4)
Missing 0 (0) 0 (0) 0 (0) 8 (0.2)

IA-2A*

Positive 41 (66.1) 109 (72.2) 121 (69.1) 2,449 (73.3) 0.21
Negative 21 (33.9) 42 (27.8) 54 (30.9) 886 (26.5)
Missing 0 (0) 0 (0) 0 (0) 8 (0.2)

IAA*

Positive 16 (25.8) 66 (43.7) 86 (49.1) 1,375 (41.1) 0.026
Negative 43 (69.4) 84 (55.6) 82 (46.9) 1,862 (55.7)
Missing 3 (4.8) 1 (0.7) 7 (4.0) 106 (3.2)

ZnT8A*

Positive 39 (62.9) 99 (65.6) 93 (53.1) 2,075 (62.1) 0.033
Negative 21 (33.9) 46 (30.5) 71 (40.6) 1,123 (33.6)
Missing 2 (3.2) 6 (4.0) 11 (6.3) 145 (4.3)

Data are presented as n (%) unless indicated otherwise as mean (SD). *Only BDD1, that is, those diagnosed with type 1 diabetes between
May 2005 and December 2010, was analyzed.
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Children diagnosed with CD after T1D
were younger at T1D diagnosis than those
with T1D only, 6.6 years compared with
9.7 years (95% CI 2.5–3.66, P < 0.001)
(Table 1). Children <5 years of age at T1D
diagnosis had the highest prevalence,
15.0%, and the highest risk of a CD diagno-
sis after T1D diagnosis (Table 2).
All HLA combinations with at least one

copy of DQ2 were significantly more
common in those diagnosed with CD af-
ter T1D than in those with T1D only,
while DQ8/X was less common (Table 1).
The child with DQX/DQX and CD also
had Down syndrome.
The prevalence of CD after T1D diag-

nosis was highest (10.5%) among indi-
viduals who were homozygous for DQ2
(Supplementary Appendix 2). Individuals
positive for DQ8/X and DQ8/8 were
older than those who were DQ2/8 posi-
tive, (P = 0.002 resp. P < 0.001), while
no significant differences were found
between other groups (Supplementary
Appendix 2).

There was no statistically significant dif-
ference in the distribution of the number
of autoantibodies between those diag-
nosed with CD after T1D and those with
T1D only (Table 1). When the autoanti-
bodies alone were analyzed, there was
only a statistically significance for IAA pos-
itivity when comparing, those diagnosed
with CD after T1D (more common) with
those with T1D only. However, when the
proportion of IAA positivity within the
age-groups was analyzed, the only statisti-
cally significant difference within groups
was for 10–14.9 years old, where IAA was
more common in those with only T1D
than those with CD diagnosed after T1D
(Supplementary Appendix 3).

CONCLUSIONS

In this national study of 5,295 children
with T1D, the prevalence of confirmed
CD was 9.8%, which is in line with earlier
smaller studies in Sweden (8,9) but higher
than reported in many other populations
(10–12).

Most of the children (58%) were diag-
nosed with CD before or at the time of
T1D diagnosis. For those diagnosed after
T1D, most received a CD diagnosis within
2–3 years. Screening up to 5 years after
diagnosis of T1D captured 95.9% of indi-
viduals who developed CD, which is
more than the previously reported 79%
(10). One study concluded that CD is
rarely found after 10 years of diabetes
(13); however, we showed that CD is un-
common already after 5 years.

Younger age at T1D diagnosis increases
the risk of developing CD, which has been
demonstrated previously (13–15). This dif-
ference in prevalence of CD between age-
groups may support age-related endo-
types (16).

As in the general population (17), the
HLA-genotype DQ2/DQ2 conveys the high-
est risk for CD, regardless of age at T1D di-
agnosis. Individuals lacking DQ2 or DQ8
have no risk of CD, meaning that 10% of
patients with T1D could be excluded from
further screening.

Table 2—Prevalence of CD in children with T1D divided into groups based on age at T1D diagnosis

No. Total
Group 1: CD
before T1D

Group 2: CD
at T1D

Group 3: CD
after T1D

Group 4: only
T1D

0–4.9 years 946 15.0 (142) 1.5 (14) 3.2 (30) 10.4 (98) 85.0 (804)

5–9.9 years 1,621 10.5 (170) 1.6 (26) 4.9 (80) 3.9 (64) 89.5 (1,451)

10–14.9 years 1,934 8.2 (159) 2.2 (42) 3.5 (67) 2.6 (50) 91.8 (1,775)

15–18 years 794 6.4 (51) 2.1 (17) 3.5 (28) 0.8 (6) 93.6 (743)

Data are presented as % (n).

3,9
n=204

1.9
n=91

1.3
n=56

0.8
n=33 0.5
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Figure 2—Yearly incidence of CD after T1D diagnosis. “Year after T1D diagnosis” represents the year screening took place (e.g., year 0 = children
screened at T1D diagnosis and CD diagnosed within the first year after T1D diagnosis, and year 1 = children screened 1 year after T1D diagnosis
and CD diagnosed between the first and second year after T1D diagnosis etc.). Follow-up began at T1D diagnosis and ended at CD diagnosis,
18 years of age, or study period completion, meaning that the oldest age-groups did not have a 10-year follow-up time.
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There are conflicting results regarding
female sex as a risk factor (10,12,13,18)
for CD. We found no difference between
the sexes in risk of CD after T1D diagno-
sis. Boys with T1D seem to have the
same risk of CD as girls with T1D.

Diabetes-related autoantibodies were
not correlated with the risk of CD and
do not need to be considered in screen-
ing guidelines.

Based on these results, we propose
the following screening for CD:

• Children <5 years of age, at diagno-
sis, after 2 and 5 years;

• Children aged 5 to 10 years, at diag-
nosis and after 5 years;

• Children aged >10 years of age, at
diagnosis;

• Final screening considered before re-
ferral to adult care;

• If HLA typing is a clinical routine, and
the child does not have HLA DQ2 or
DQ8, no CD screening is needed.

With this approach, some children will
experience undiagnosed CD for a longer
period than in today’s screening. How-
ever, studies have not shown that late
confirmation of CD has a negative impact
on metabolic control or CD-related com-
plications (19,20).

We believe that our results are applica-
ble to other similar populations, but fur-
ther research on ethnic differences may
further refine the screening guidelines.

Conclusion
Less than 50% of all children with dou-
ble diagnoses developed CD after T1D
diagnosis. Age at and time after T1D di-
agnosis should be considered in screen-
ing guidelines for CD in children with
T1D.
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