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TYPE 1 DIABETES: PATHOPHYSIOLOGY AND PREVENTION

Celiac disease can be predicted by high levels of tissue
transglutaminase antibodies in children and adolescents with
type 1 diabetes
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of data. We explored whether tissue transglutaminase antibodies (anti-tTG) that
were > 10 times the upper limit of normal (10x ULN) predicted CD in T1D.

Methods: Data from the Swedish prospective Better Diabetes Diagnosis study was
used, and 2035 children and adolescents with T1D diagnosed between 2005-2010
were included. Of these, 32 had been diagnosed with CD before T1D. The children
without CD were repeatedly screened for CD using anti-tTG antibodies of immuno-
globulin type A. In addition, their human leukocyte antigen (HLA) were genotyped. All
children with positive anti-tTG were advised to undergo biopsy. Biopsies were per-
formed on 119 children and graded using the Marsh-Oberhiber classification.
Results: All of the 60 children with anti-tTG >10x ULN had CD verified by biopsies.
The degree of mucosal damage correlated with anti-tTG levels. Among 2003 screened
children, 6.9% had positive anti-tTG and 5.6% were confirmed CD. The overall CD
prevalence, when including the 32 children with CD before T1D, was 7.0% (145/2035).
All but one of the children diagnosed with CD had HLA-DQ2 and/or DQS8.
Conclusions: As all screened children and adolescents with T1D with tissue trans-
glutaminase antibodies above 10 times the positive value 10x ULN had CD, we propose

that the guidelines for diagnosing CD in screened children, when biopsies can be omit-

KEYWORDS

1 | INTRODUCTION

Celiac disease (CD) affects 3%-16% of children with type 1 diabetes
mellitus (T1D) worldwide.>™ In Sweden, the prevalence of CD in chil-
dren with T1D is between 9%-10%,® compared with 1% in the gen-
eral population.? An explanation for the higher prevalence is that both
T1D and CD are associated with the human leucocyte antigen (HLA)
class Il genes.21©

In a classical presentation, CD often is correlated with gastroin-
testinal dysfunction,” but it is mostly asymptomatic in children with
T1D and the disease is usually detected by screening.2#41! In gen-
eral, CD diagnoses have been based on clinical features, serology,
genetics and biopsies. Most guidelines have recognized biopsies as
the gold standard for CD diagnosis, even in children with
T1D.112-15

In 2012, revised guidelines from the European Society for Pediat-
ric Gastroenterology, Hepatology and Nutrition (ESPGHAN)
suggested small bowel biopsies could be omitted for symptomatic
pediatric patients over 2 years of age if concentrations of antibodies
against tissue transglutaminase (anti-tTG) were =10 times the upper
limit of normal (10x ULN).*® Other criteria were positive endomysium
antibodies in another blood sample and positive risk HLA allele. Both
these autoantibodies were of immunoglobuline type A (IgA), because
children with IgA deficiency were always recommended the biopsy
procedure. The recommendations for the diagnosis of CD in the

ESPGHAN 2012 guidelines were divided into two algorithms, one for

ted, should also apply to children and adolescents with T1D as a noninvasive method.

biopsy, celiac disease, screening, tissue transglutaminase antibodies, type 1 diabetes

children with symptoms, and another for screened children, where the
pathway for the latest did not allow the no-biopsy approach.*®

A large Swedish study of 12-year-old school children found that all
the screened children with anti-tTG levels of 210x ULN had biopsy-
proven CD.Y” Other studies of asymptomatic children with high anti-
tTG levels have found that biopsies could safely be omitted. Some of
these children had T1D, but they were not assessed separately.*8% A
small Finnish study,?® a retrospective Australian study?* and a Dutch
collaboration?? confirmed that anti-tTG had a good positive predictive
value for biopsy-proven CD in children with T1D. Nevertheless, the
2020 European Society for Pediatric Gastroenterology, Hepatology
and Nutrition guidelines for diagnosing celiac disease (CD), without a
biopsy, do not include type 1 diabetes (T1D) due to lack of data.?

This lack of data prompted us to explore whether high levels of
anti-tTG (210x ULN) predicted CD in children and adolescents with
T1D, addressing the possibility to include them in future guidelines.
We wanted, as well, to analyze the agreement between celiac autoan-

tibodies levels and biopsy results.

2 | METHOD
21 | Study design and subjects

Our study was based on data from Better Diabetes Diagnosis

(BDD), an ongoing Swedish national prospective population-based
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cohort study that started in May 2005.2* The study investigates
children under the age of 18 years with newly diagnosed diabetes.
The main aim of BDD is to improve the classification of diabetes
and increase knowledge on the underlying factors behind diabetes.
The secondary aims include exploring co-morbidities and risk
factors.

The American Diabetes Association criteria for classifying T1D
were used to determine the clinical diagnosis of diabetes?® and the
T1D diagnoses were re-evaluated after 1 year. All of the children who
were included in this study met the criteria for T1D.

The present study included 2035 children diagnosed with T1D
between May 2005 and December 2010 (Figure 1), and it was
approved by the Ethics Committee in Lund (number 2014/476). In
addition, the original BDD study was approved by the Ethics Commit-
tee at the Karolinska Institutet in Stockholm (number 04-826/1, with
amendments in 2006, 2007, 2009 and 2011).

2.2 | Screening and blood analysis

All the children were screened for CD using anti-tTG when their diabe-
tes was diagnosed?® and then on a yearly basis. Teams from 13 Pediat-
ric Diabetes Centers were involved in the current study: Goéteborg,
Helsingborg, Jonkoping, Kristianstad, Linkoping, Lund, Malmo,
Norrkdping, Stockholm, Visteras, Ystad, Orebro and Ostersund. These
centers collected the results of anti-tTG and intestinal biopsies from
patients investigated for CD. The autoantibody levels were grouped
according to the last positive value before each patient's biopsy.
Anti-tTG levels of IgA type were analyzed using two different

Thermo Fisher Scientific systems (Legal Manufacture Phadia AB,

Children with T1D
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FIGURE 1 Flowchart summarizing the diagnostic process of
celiac disease (CD) in children with type 1 diabetes (T1D) with
antibodies against tissue-transglutaminase (anti-tTG) and biopsies.
The levels of anti-tTG were given as under 10 times the upper limit of
normal (<10x ULN) or equal and above 10 times this limit (210x ULN)

Uppsala, Sweden). One was an enzyme-linked immuno assay (EIiA),
the EliA Celikey IgA, with the level of positivity set at >10 U/ml. The
other was an enzyme-linked immunosorbent assay (ELISA), the
Celikey Tissue transglutaminase IgA Antibody Assay, with the level of
positivity set at >8 U/ml.

Furthermore, total IgA was tested to rule out immunodeficiency
that would not detect anti-tTG of this type. Children with IgA defi-
ciency were excluded, as the recommendation for these children were

always to have duodenal biopsies.*¢%3

2.3 | Celiac disease criteria

The general recommendation from ESPGHAN at the time of the
study was that all the children who were screened and had a positive
anti-tTG result should undergo a biopsy to confirm or rule out CD.?”
According to the ESPGHAN 2012 revised guidelines for diagnostic
criteria,® CD could be diagnosed without being confirmed with a
duodenal biopsy in children over 2 years of age if they had clear
symptoms. That was frequently not the case in children with T1D
who were screened for CD.! These symptoms needed to be com-
bined with IgA anti-tTG antibodies that were > 10x ULN, verified by
endomysium antibody positivity and the presence of HLA-DQ2
and/or HLA-DQS8. Children with anti-tTG levels that were < 10x
ULN were always recommended to undergo a biopsy to con-
firm CD.*¢

24 | HLA typing

The HLA profile was analyzed for all children included in the BDD
study. Blood samples were obtained at clinical onset of T1D and fur-
ther processed by the Clinical Research Centre at Malmo, which is
part of Skane University Hospital. The HLA-DQ genotype was deter-
mined by polymerase chain reaction.?* Genes associated with the risk
of CD were 0201-02 (DQ2), 05-02 (DQ2), 03-02 (DQ2),
Z-0302/0304 (DQ8), Z-0302 (DQ8) and 05-0302 (DQ8).%

2.5 | Upper gastrointestinal biopsies and
histological classifications

Participants with positive serology were recommended to have duodenal
biopsies. They were obtained according to local clinical routines, mostly by
endoscopy and sometimes by suction capsule, and further assessed by local
pathologists. The histological results were reviewed and scored by the
same person, according to the revised Marsh-Oberhiiber classification.?®
The 32 children with confirmed CD prior to T1D diagnosis were
excluded from further analysis, but they were taken into consideration
when the statistics on prevalence were analyzed. In addition, 21 of the
children with positive antibodies were excluded, mainly because their
families did not want them to undergo a biopsy. Some biopsy data was

also missing. One child was excluded due to inconclusive biopsy results.
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2.6 | Statistics

The analyses were carried out using SPSS software, version 25 (IBM
Corp., New York, USA). The data are presented with descriptive sta-
tistics and the 95% confidence interval (95% Cl) has been provided
where necessary. The scatter plot was created using GraphPad Prism
7.0 (GraphPad Software, California, USA).

3 | RESULTS

3.1 | Celiac disease and anti-tTG serology

Celiac autoimmunity with positive anti-tTG was found in 141/2003
(6.9%, 95% Cl 5.8-8.0) of the screened children. CD was confirmed in
113/119 children who underwent biopsies and this equated to 5.6%
(95% Cl 4.6-6.7) of the 2003 screened children.

When the 32 children with known CD at T1D diagnosis were
added back into the 2003 children included in the main analysis, this
gave an overall prevalence of CD of 145/2035 (7.0%, 95% CI
6.0-8.2), as shown in Figure 1.

3.2 |
and sex

Celiac disease and considerations about age

The age when the children were diagnosed with CD varied
between 0.5-17.9 years. For the 32 children with CD before T1D
the age of CD diagnosis ranged from 0.5 to 14.9, the mean age
for diagnosis CD was 4.3, and the median age was 4.75. For the
113 screened T1D children, the age of CD diagnosis ranged from
2 to 17.9, the mean age for diagnosis CD was 9.9 years, and the
median was 9.1.

The distribution of the age of CD diagnosis was divided into age
groups according to an earlier an BDD study.?® The results were as
following: 16% were 0-4 years of age, 37% 5-9 years, 34% 10-14,
and 13% 15-17.9 years old.

Regarding the sex of the children with CD, the female to male
ratio was similar. The female to male ratio of children diagnosed with
CD before T1D onset (n = 32) was 17:15 and in children diagnosed
with CD after the screening (n = 2003) it was 55:58. Among the chil-
dren with positive anti-tTG and normal biopsy only one child was a
girl. Thus, of the 145 children with CD and T1D, 72 were girls and 73
were boys (n = 2035).

3.3 | Anti-tTG and mucosal damage

The degree of mucosal damage correlated with anti-tTG levels. All
60 children with an anti-tTG of 210x ULN, had their CD diagnosis
verified by a biopsy, regardless of the method used to analyze
anti-tTG.

3.3.1 | EliA method with a cut-off positivity level
of >10 U/ml

All children with an anti-tTG of 210x ULN (=100 U/ml), and even with
lower cut-off of 70-99 U/ml, were diagnosed with CD.

Of the 80 participants with positive EliA results (>10 U/ml) who
underwent a biopsy, 74 were diagnosed with CD. The frequency of
CD was 76% in the group with the lowest anti-tTG values of between
10-39 U/ml, and four children had a normal biopsy (Marsh 0). In the
group with anti-tTG values of between 40-69 U/ml, one child with a
tTG level of 58 U/ml had a biopsy (Marsh 0). Another child had Marsh
1 and the remainder had Marsh 3a-3c (Figure 2).

There were 41 patients with serological levels of 2100 U/ml and
their biopsies all contained high-grade mucosal lesions, corresponding
to Marsh 3a-3c. Marsh 3 lesions were also found in 14/21 (67%) chil-
dren with low positive tTG levels (10-39 U/ml) and Marsh 1 lesions
were found in 3/21 (14%) at this low anti-tTG levels (Figure 2).

Although a wide distribution of anti-tTG values was seen, the fre-
quency of villous atrophy was higher when the levels of tTG
increased. Marsh 3 lesions were present in 67%, 85%, 100% and
100% of the participants with anti-tTG values between 10-39,
40-69, 70-99 and = 100 U/ml, respectively.

332 |
of >8 U/ml

ELISA method with a cut-off positivity level

All children with anti-tTG 210x ULN (=80 U/ml) were diagnosed
with CD.

Among children positive for anti-tTG, there were 19/39 children
with an anti-tTG of 280 U/ml and 18/39 of these had villous atrophy
(Marsh 3a-3c) (Figure 3). One patient had Marsh 1 score on the first
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FIGURE 2 Degrees of mucosal damage in relation to antibodies
against tissue-transglutaminase (anti-tTG) using the enzyme-linked
immuno assay (EliA) method. The lines represent the median. Levels
of anti-tTG correlated to the degree of mucosal damage
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FIGURE 3 Degrees of mucosal damage in relation to antibodies
against tissue-transglutaminase (anti-tTG) using the enzyme-linked
immunosorbent assay (ELISA) method. The lines represent the
median. Levels of anti-tTG correlated to the degree of mucosal
damage

histological evaluation and was diagnosed with CD based on clinical
features and after the biopsy was reconsidered.

The frequency of CD was also very high in the groups with lower
levels of anti-tTG. All 13 patients with anti-tTG level between
30-79 U/ml had Marsh 3 lesions. In the seven children with a low
positive anti-tTG of 8-29 U/ml, there was one child with intra-
epithelial lymphocytes and six had villous atrophy. Figure 3 shows the
degree of enteropathy in relation to anti-tTG levels. Marsh 3 was seen
in 86%, 100%, 100% and 95% of the groups with anti-tTG values
between 8-29, 30-54, 55-79 and = 80 U/ml, respectively.

3.4 | HLA typing
With the exception of one patient with Down syndrome, all the chil-
dren with CD had high-risk genes, namely HLA-DQ2 and/or DQ8.
Genetic analyses could not be performed for three children, as their
blood samples were missing from the BDD database. The child with
Down syndrome, who lacked both HLA-DQ2 and DQ8, had HLA
genotype DQ7/DQ9.

The most frequent genotype was HLA-DQ2/DQ8 (42.4%),
followed by DQ8/DQX (21.1%), DQ2/DQ2 (12.1%), DQ2/DQX
(8.4%), DQ8/DQ8 (15.1%) and DQX/DQY (0.9%).

4 | DISCUSSION

Our study results indicate that CD can be diagnosed without biopsies
in children and adolescents with T1D who have a high level of anti-
tTG. All the children with T1D with anti-tTG exceeding 10x ULN were
diagnosed with CD. Interestingly, all children with an anti-tTG that
exceeded 7x ULN were also diagnosed with CD. Overall, the serologi-
cal level of anti-tTG was related to the degree of gluten-induced

enteropathy.

Our findings confirm that children and adolescents with T1D
should be included in the ESPGHAN guidelines for CD diagnosis by
screening. In addition, to being able to follow the protocol and avoid
endoscopy with general anesthesia, children and adolescents with
T1D would benefit from avoiding the difficulties of a fasting period.
Furthermore, it would also reduce healthcare costs, as previously
reported.??

In line with other smaller studies, our study investigated associa-
tions between anti-tTG levels and the degree of intestinal damage or
enteropathy in children with T1D screened for CD. Our results are in
accordance with Popp et al, who showed that none of their 7/181
Finnish symptom-free children with T1D and CD and high anti-tTG
levels would have needed a biopsy to confirm CD, because all those
with an anti-tTG of 210x ULN had duodenal villous atrophy (Marsh
3).2° A larger Brazilian study randomly screened 887/3247 children
with T1D and found higher anti-tTG levels in children with pathologi-
cal biopsies, but did not specify if the anti-tTG levels were > 10x
ULN.2 An Australian study retrospectively investigated 936 children
with T1D to see if CD could be diagnosed without duodenal
biopsies.?! The authors reported that 35 children had high levels of
anti-tTG and confirmed CD, but the association with the degree of
enteropathy was not studied or presented.?! In addition, a multicenter
study including children from the Netherlands, recently showed that
high levels of CD biomarkers could give accurate CD diagnosis.?? This
Dutch cooperation, included a retrospective evaluation on 63 children
with T1D and CD, using six different types of tTG assays, and showed
that the cut-off value 11 times the ULN had a sensitivity of 96%, and
a positive predictive value of 94%. Our findings were based on a
cohort study that was more than twice the size of the studies men-
tioned above, the children were prospectively and consecutively
included in the BDD study?* and they were followed in clinical set-
tings across Sweden. We therefore believe that our results had better
external validity and could be generalized to a higher degree to other
groups outside the study population.

The correlation between anti-tTG levels and intestinal damage
has been evaluated in population-based pediatric studies and the
results and conclusions are in agreement with ours.’” Webb et al pro-
spectively screened more than 13,000 Swedish school children for
CD when they were 12 years old and all 64 with anti-tTG levels of
>10x ULN were diagnosed with CD, mostly with Marsh 3 type
lesions.'” Furthermore, the gastrointestinal symptoms associated with
CD showed poor diagnostic predictability for CD in this large

.17 Other studies have confirmed that celiac symptoms were as

cohor
common in children with CD detected by screening as in children with
normal biopsy results.3°3! One previous Stockholm-based study of
children with T1D also reported this finding® and therefore it was not
assessed by the current study. Small subgroups of children with T1D
were included in two prospective multinational studies that validated
the accuracy of diagnosing CD in screened children without biop-
sies.’®1? More than half of the children in these studies were asymp-
tomatic, but the anti-tTG levels and the degree of enteropathy in
children with T1D were not presented separately. The ESPGHAN
2020 guidelines state that biopsies can be omitted in screened,
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asymptomatic children if their anti-tTG levels are 210x ULN, but the
guidelines excluded T1D due to insufficient data.2® In the same line as
the Brazilian,?® the Dutch?? and the Australian®! studies mentioned
above, our study addressed this lack of data and we propose that chil-
dren and adolescents with T1D should be included in any future revi-
sions of the guidelines.

We also found that more pronounced mucosal damage was asso-
ciated with increasing anti-tTG levels, implying a possible lower cut-
off for CD diagnoses. These findings agreed with the results of the
Australian cohort,? but not with the Dutch study.?? The ESPGHAN
2020 guidelines indicate that CD can be diagnosed without biopsies
when anti-tTG exceeds 10x ULN, but there was insufficient data to
lower the cut-off levels.2® If we had applied the safety guidelines to
our cohort, the cut-off level could have been 27x ULN. The predictive
value of gluten-induced abnormalities was low for low serological
levels, especially when EliA was used. As a result, individuals with low
anti-tTG levels would still require biopsies to diagnose or rule out CD,
as suggested by the ESPGHAN 2020 guidelines.?®> Moreover, it is
unclear why children with low ant-tTG levels sometimes present with
high degrees of mucosal damage, as seen in some of the children in
our study. Further studies need to investigate whether the criteria to
omit biopsies can safely be applied to screened individuals with anti-
tTG titers under 10x ULN.

We are aware that one of the criticisms towards a no-biopsy
approach has been that some publications showed that T1D children
could have transient elevation of autoantibodies without mucosal
damage. None of the studies we have reviewed®?3* showed that chil-
dren with high levels of tTG had their autoantibody levels normalized
after a period of time during a diet with gluten. Therefore, the concern
should focus on children with low or moderate levels of tTG. In our
study, the serological markers were correlated to the enteropathy.
Furthermore, according to a previous validation study on biopsies in
Sweden, whereas in low degrees of mucosal damage, the evaluations
between pathologists had some disagreements, there were very good
agreements and a high specificity in the pathologists' assessments of
biopsies with villous atrophy.®®

Moreover, the value of symptoms regarding accuracy of CD diag-
nosis, and adherence to the treatment with a life-long gluten-free diet,
has been focus in several studies. In screening Swedish healthy chil-
dren, Rosen et al*® showed that symptoms are not a useful criteria to
determine if CD is present or not, and similar findings were seen in a
T1D cohort of Swedish children.® At the same time, an argument
against screening has been that children may have a lower adherence
to the life-long gluten-free diet required as treatment, if they are
found through mass-screening and asymptomatic.®¢ Another possible
argument, could be that a low compliance may apply as well to chil-
dren diagnosed without a biopsy. Thus, this aspect regarding compli-
ance needs to be further evaluated, and could be done in the future,
comparing T1D children without symptoms diagnosed through
screening, with otherwise healthy asymptomatic screened children,
diagnosed according to the ESPGHAN 2020.

Although the genetic risk in CD is largely influenced by HLA-
DQ2/DQ8 alleles,?® one child CD in our study did not have the HLA

risk alleles DQ2/DQ8. That exception was a child with Down syn-
drome, a condition that has been associated with a higher prevalence
of autoimmune diseases and CD,’ possibly because altered gene
expression on chromosome 21 increases the risk for autoimmunity.
This could explain why the classical risk genotypes were missing. The
child had a DQ7/DQ9 genotype and the HLA allele DQ9 has been
suggested as a susceptibility factor for CD.%” Thus, we agree with the
ESPGHAN 2020 guidelines that HLA assessment should no longer be
mandatory for a CD diagnosis,?® because it provides no further infor-
mation on children with T1D. The 2018 consensus guidelines from
the International Society for Pediatric and Adolescent Diabetes also
state that HLA assessment is no longer needed.*

The main strength of our study was the prospective multicenter
data collection. The BDD T1D cohort comprised over 2000 Swedish
children and adolescents screened for CD, with good internal validity
due to high national coverage and very few exclusions, missing data
or cases lost to follow up.2* The association between anti-tTG levels
and the degree of intestinal mucosal enteropathy were explored by
using a large number of biopsies. We believe that the present study is
the largest of its kind. The prevalence of celiac autoimmunity was sim-

ilar to comparable populations,82¢

as well as the overall 7.0% preva-
lence for CD,%” suggesting that our cohort was representative.
Likewise, the children received standard medical care, meaning that
the results had good external validity and the data and results can be
generalized to other settings. Having said that, the study only included
children living in Sweden and that should be borne in mind when
extrapolating our findings to children living in other parts of the
world.

One limitation of our study was that the biopsies were assessed
by several different pathologists. On the other hand, they were
thoroughly reviewed by the same person using the revised Marsh-
Oberhtber classification. Furthermore, a previous study including all
the 28 pathology departments in Sweden validated the good speci-
ficity of biopsy result, especially with villous atrophy.3> Only one
child with low tTG had an inconclusive biopsy, without doing a new
procedure, and that child was excluded. Another child was diag-
nosed with CD based on high anti-tTG levels, re-assessment of the
biopsies and clinical follow up. That child had high anti-tTG
(280 U/ml) and had initially been assessed with low-grade enteropa-
thy (Marsh 1), based only just two biopsies, instead of the five rec-
ommended by the ESPGHAN 2020 guidelines. At least four biopsies
from the distal duodenum and one from the duodenal bulb are rec-
ommended because enteropathy can have a patchy distribution in
CD.23 As a result, it was possible that villous atrophy zones were
missed. One less plausible explanation could be that the child was
diagnosed early in the development of CD and that the mucosal
inflammation could have progressed to villous atrophy due to the
continued gluten load.

Another possible limitation of the study was that the blood sam-
ples and biopsies were not obtained at the same time. However, the
participants were instructed to continue with the same diet and we
still found gluten-induced enteropathy in all patients, but one, with

high transglutaminase serology when the intestinal biopsies were
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performed. Moreover, we speculate that the real overall prevalence
may be higher. On one hand, because children that had IgA deficiency
were not included in the aim of our study, and on the other hand,
because 22 children with positive CD biomarkers were not fully inves-
tigated, mainly due to parents' decision not to proceed with the
biopsy procedure.

5 | CONCLUSIONS

In summary, we believe that our findings indicate that guidelines with
a no-biopsy approach for diagnosing CD in screened children, should
also apply to children and adolescents with T1D. In our study, CD was
diagnosed in all the screened children and adolescents with T1D who
had anti-tTG above 10x ULN, which indicates that CD diagnosis can
be predicted by high levels of antibodies against tissue trans-

glutaminase in children and adolescents with T1D.
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