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BACKGROUND AND 0BJECTIVES: Psychological symptoms can be associated with celiac disease;
however, this association has not been studied prospectively in a pediatric cohort. We
examined mother report of psychological functioning in children persistently positive for
tissue transglutaminase autoantibodies (tTGA), defined as celiac disease autoimmunity
(CDA), compared with children without CDA in a screening population of genetically at-risk
children. We also investigated differences in psychological symptoms based on mothers’

awareness of their child’s CDA status.

meTHODS: The Environmental Determinants of Diabetes in the Young study followed 8676
children to identify triggers of type 1 diabetes and celiac disease. Children were tested for
tTGA beginning at 2 years of age. The Achenbach Child Behavior Checklist assessed child

psychological functioning at 3.5 and 4.5 years of age.

RESULTS: At 3.5 years, 66 mothers unaware their child had CDA reported more child anxiety
and depression, aggressive behavior, and sleep problems than 3651 mothers of children
without CDA (all Ps <.03). Unaware-CDA mothers also reported more child anxiety

and depression, withdrawn behavior, aggressive behavior, and sleep problems than

440 mothers aware of their child’s CDA status (all Ps <.04). At 4.5 years, there were no

differences.

CONCLUSIONS: In 3.5-year-old children, CDA is associated with increased reports of child
depression and anxiety, aggressive behavior, and sleep problems when mothers are
unaware of their child’s CDA status. Mothers’ knowledge of their child’s CDA status is
associated with fewer reports of psychological symptoms, suggesting that awareness of the

child’s tTGA test results affects reporting of symptoms.
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WHAT’S KNOWN ON THIS SUBJECT: Celiac disease
may be associated with a variety of psychological
symptoms in children, such as depression and
attentional problems. Prospective studies in young
children examining this relationship do not exist.

WHAT THIS STUDY ADDS: Celiac disease
autoimmunity (CDA) is associated with increased
parent report of child depression and anxiety,
aggression, and sleep problems when mothers
are unaware of their child’s CDA status. Knowledge
of CDA status is associated with fewer reports of
psychological symptoms.
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Celiac disease may present with a
wide range of clinical symptoms,
including gastrointestinal difficulties
(eg, loose stools, abdominal
discomfort) and extraintestinal
symptoms (eg, poor growth,
anemia).b? The condition may also
cause psychological manifestations
such as depression, cognitive
impairment, sleep problems, and
attention deficits.3-5 Although the
etiology remains to be confirmed,
psychological symptoms may be the
result of nutrient malabsorption or
increased levels of proinflammatory
cytokines affecting mental and
emotional functioning.®

For children with celiac disease
autoimmunity (CDA), defined as
being persistently positive for tissue
transglutaminase autoantibodies
(tTGA), parent report of physical
symptoms of celiac disease is age
dependent.” We previously reported
that when unaware of their child’s
CDA status, parents of 2- and 3-year-
old children were more likely to
report physical symptoms related
to celiac disease at the time of CDA
seroconversion than parents of
same age children without CDA.
However, there was no difference in
parent report of physical symptoms
in CDA versus no CDA 4-year-old
children. We also found that parents
reported more physical symptoms
associated with celiac disease after
they were informed the child had
tested positive for tTGA, suggesting
that awareness of the child’s tTGA
test results affects the reporting

of symptoms.” To our knowledge,
no studies have examined the
psychological symptoms associated
with celiac disease in children
screened for tTGA positivity in a
similar manner.

The Environmental Determinants
of Diabetes in the Young (TEDDY) is
an international study investigating
environmental factors associated
with type 1 diabetes (T1D) and
celiac disease.”8 TEDDY children
are at elevated genetic risk for

T1D and celiac disease and are
prospectively followed from birth up
to 15 years of age with an extensive
array of biologic, psychological,

and environmental measures.

This longitudinal study offered the
opportunity to prospectively examine
maternal reports of psychological
functioning in preschool-aged
children with CDA, when mothers
were unaware or aware of the child’s
CDA status.

METHODS

The TEDDY Study

TEDDY is a natural history study
designed to identify environmental
triggers of T1D autoimmunity

or onset and celiac disease in
genetically at-risk children. TEDDY
children were identified at 6 centers
(United States: Colorado, Georgia/
Florida, and Washington; Finland,
Germany, and Sweden).? Infants
were screened at birth via HLA
antigen genotyping, and families

of HLA antigen-eligible children
were enrolled before 4.5 months of
age. Families were recruited from
the general population and from a
subset of those with a first-degree
relative (FDR) with T1D. After
enrollment, families participate in
clinic visits every 3 months during
the first 4 years of the child’s life
and every 6 months thereafter, for
those without islet autoantibodies,
up to the age of 15 years or until
the development of T1D. Children
with islet autoantibodies continued
to attend quarterly visits. A variety
of data are collected at study visits,
including biological samples (eg,
blood, saliva), records of the child’s
diet, illnesses, and life stressors and
parent report of child psychosocial
functioning. The study was approved
by each center’s institutional review
board and is regularly monitored
by an expert external evaluation
committee.
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Screening for tTGA

TEDDY children are screened annually
for tTGA levels beginning at 2 years

of age. Samples are analyzed at 2
laboratories and classified as positive
or negative as previously described.”1
Children testing positive for tTGA at
the annual screen had their previous
serum samples analyzed to determine
time of first positive sample. If the
annual tTGA sample was positive,
participants were retested at the

next TEDDY study visit. Children who
were tTGA positive for 2 consecutive
samples were defined as having CDA.
Parents were notified of positive tTGA
results after the first positive result. At
Colorado, Washington, and Germany
sites, parents received a phone call
and a follow-up letter. At the Georgia/
Florida site, parents received a letter.
In Finland, parents received a phone
call and a follow-up discussion at the
next study visit. In Sweden, parents
were notified at their next study visit.

At all sites, parents of CDA children
were given a celiac disease
information sheet describing the
disease, symptoms, and treatment.
Families were told to consult with a
local pediatric gastroenterologist for
additional evaluation and were given
information about family risk for
celiac disease. The decision whether
and when to undergo an intestinal
biopsy to confirm a diagnosis of
celiac disease was made by the
family and their health care provider;
intestinal biopsy was not provided
as part of the TEDDY protocol.
Consequently, not all TEDDY CDA
children had confirmed celiac
disease. Our previous work with the
TEDDY cohort indicated that of CDA
children whose families chose to
pursue endoscopy, 84% of children
are confirmed to have celiac disease.”

Study Population

0f 8676 participants who initially
joined the TEDDY study, 4985
completed the psychosocial
questionnaire when the child was
aged between 3 and 4 years (3.5-year
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questionnaire) and 4562 when child
was aged between 4 and 5 years
(4.5-year questionnaire). Of these
participating children, 677 (3.5-
year questionnaire) and 687 (4.5-
year questionnaire) were excluded
because they tested positive for islet
autoantibodies, possibly influencing
parent report of their child’s
psychological functioning, leaving
4308 and 3875 subjects, respectively.

At the time of the 3.5-year
questionnaire, 3651 out of 4308

were children without CDA (no-CDA
group), 440 out of 4308 were mothers
who were already aware their child
had CDA (aware-CDA group), and 66
out of 4308 were mothers who were
unaware their child was developing
CDA (unaware-CDA group). Those
excluded from the analyses included
89 out of 4308 children who developed
CDA between 3 and 4 years of age but
after the questionnaire was completed,
3 out of 4308 children for whom it was
unclear whether mother was aware

of the child’s CDA status, and 59 out

of 4308 who had unconfirmed tTGA
results. For the aware-CDA group,

the child tested positive for tTGA at

or before their annual screen at 3.0
years of age, and notification occurred
before the 3.5-year questionnaire was
completed. Of the children developing
CDA between 3 and 4 years of age
(n=158), 66 out of 158 mothers were in
the unaware-CDA group. This occurred
because of either a first positive

tTGA test at the same study visit as

the psychological questionnaire was
completed or a positive test result at
the next annual screen (4 years of age)
that led to retrospective sampling and
determination that the first positive
tTGA test occurred before completion
of the 3.5-year questionnaire.

At the time of the 4.5-year
questionnaire, 3139 out of 3875 were
in the no-CDA group and 561 out of
3875 were in the aware-CDA group.
Only 40 out of 3875 children were
classified in the unaware-CDA group.
Of the children who were excluded,
83 out of 3875 had unconfirmed
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tTGA results and 52 out of 3875
developed CDA after the completion
of the psychological questionnaire.
Data used were current as of June 30,
2015, at which time the entire TEDDY
cohort had completed the 4.5-year
visit and were at least 5 years of age.

Child Psychological Functioning

Caregivers completed the Achenbach
Child Behavior Checklist (CBCL),11

a well-validated questionnaire
designed to measure behavioral

and emotional functioning in
preschoolers (1.5 to 5 years old)

in research and clinical settings.
CBCL data were collected at 3.5-
and 4.5-year-old visits. The CBCL
includes 99 statements describing

a variety of child behaviors (eg,
“Cries a lot,” “Gets into everything”).
Parents choose a response (ie,

“Not true” = 0, “Somewhat or
sometimes true” = 1, “Very true

or often true” = 2) to indicate how
accurate each statement is for their
child in the past 2 months. Seven
empirically derived subscale scores
(Emotionally Reactive, Anxious/
Depressed, Somatic Complaints,
Withdrawn, Sleep Problems,
Attention Problems, Aggressive
Behavior) and 2 composite scores
(Internalizing, Externalizing) are
then calculated. Higher scores
suggest more difficulties. The CBCL
has demonstrated good reliability in
past studies.!! It has been adapted for
use in numerous countries, including
TEDDY study sites.1213 The CBCL can
be used in clinical settings as a screen
to identify children with possible
adjustment problems,!! although that
was not its purpose in the current
investigation. As recommended for
research purposes, raw scores were
used in analyses to reduce floor
effects.! In the current sample,
>90% of parents who completed the
CBCL were mothers.

Statistical Analysis

Multiple regression was used to
identify factors associated with
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CDA (country of residence, sex, HLA
antigen-DQ status [DQ8, DQ 2/8, or
DQ 2/2], and whether the child had
an FDR with celiac disease) (Table 1)
and CBCL scores (country, maternal
age at the child’s birth, sex, and
whether the child had an FDR with
celiac disease) that needed to be
controlled in subsequent analyses.

Multiple linear regression was used
to determine whether CBCL scores in
the unaware-CDA group differed from
CBCL scores in the no-CDA group and
the aware-CDA group. These analyses
were repeated for the 4.5-year time
point. In all analyses, other factors
associated with CDA and CBCL scores
(country, sex, HLA antigen-DQ status,
maternal age at the child’s birth,

and whether the child had an FDR
with celiac disease) were controlled.
Pvalues <.05 were considered
statistically significant. Analyses were
performed in SAS version 9.4 (SAS
Institute, Inc, Cary, NC).

RESULTS

Table 2 provides CBCL scores for
3.5-year-old children in the no-CDA,
unaware-CDA, and aware-CDA
groups. Within the aware-CDA group,
there were children with biopsy-
confirmed celiac disease (n = 109 at
3.5 years and n = 154 at 4.5 years),
children with a biopsy that did not
confirm celiac disease (n = 24 at 3.5
years and n = 30 at 4.5 years), and
children who had not yet undergone
a biopsy (n =307 at 3.5 yearsand n =
377 at 4.5 years). There were no
significant differences in CBCL scores
between these groups; therefore,
they were combined into 1 aware-
CDA group in all analyses.

Maternal Reports of Child
Psychological Functioning in
Unaware-CDA Group and No-CDA
Group

At 3.5 years of age and after
adjustment for other factors
associated with CDA and CBCL
scores, mothers in the unaware-
CDA group (n = 66) reported more



symptoms on the CBCL Anxious/
Depressed (P =.003), Aggressive
Behavior (P =.03), and Sleep
Problems (P =.02) subscales and
the Externalizing Composite score
(P =.04) compared with mothers in
the no-CDA group (n =3651) (Table
2). At 4.5 years of age, there were
no significant differences between
these groups (data not shown).

Maternal Reports of Child
Psychological Functioning in
Unaware-CDA Group and Aware-CDA
Group

At 3.5 years, the unaware-CDA
group mothers reported more
symptoms on the CBCL Anxious/
Depressed (P <.001), Withdrawn
(P =.04), Aggressive Behavior (P =
.02), and Sleep Problems (P =.007)
and the Externalizing Composite
score (P =.02) subscales compared
with mothers in the aware-CDA
group (n = 440) (Table 2 and Fig
1). At 4.5 years of age, there were
no significant differences (data not
shown).

Maternal Reports of Child
Psychological Functioning in Aware-
CDA Group and No-CDA Group

The CBCL responses of mothers

in the aware-CDA group were not
significantly different from those
of mothers in the no-CDA group

(n =3651) with 1 exception:
Aware-CDA mothers reported
significantly fewer problems on the
Anxious/Depressed subscale (P =
.03). At 4.5 years of age there were
no significant differences (data not
shown).

Impact of Gluten-Free Diet and tTGA
Titer Levels

We conducted additional analyses
to examine the role of gluten-
free diet and tTGA titer levels on
differences in CDA groups at 3.5
years. In the no-CDA group, 1.1%
(n = 41) had initiated a gluten-
free diet. In the 66 mothers in

the unaware-CDA group, none
had initiated a gluten-free diet.

TABLE 1 Demographic Characteristics Within Status Groups Defined by Child’s Seroconversion to
CDA, Mother’s Awareness of GDA Status, and Age of Seroconversion

Age of Child and Mother Aware of CDA Status

No CDA <5y Aware of CDA <3  Unaware of CDA>3  Unaware of CDA >4
(N =3139) y (N = 440) to <4y (N=166) to <5y (N=40)

CD Risk Factor N % N % N % N %
Country

us 1163 371 127 28.9 23 34.9 17 425

Finland 734 23.4 86 19.6 15 22.7 12 30.0

Germany 160 5.1 18 4.1 5 76 1 2.5

Sweden 1082 34.5 209 475 23 34.9 10 25.0
HLA-DQ

DQ8 1422 455 55 12.6 21 31.8 8 20.0

DQ2/8 1215 38.9 143 32.7 26 39.4 19 475

DQ2/2 486 15.6 240 54.8 19 288 13 32.5
FDR with CD

No 3034 971 397 90.6 60 90.9 40 100

Yes 91 29 41 94 6 9.1 0 0
Sex

Male 1660 52.9 183 416 33 50.0 13 32.5

Female 1479 471 257 58.4 33 50.0 27 67.5
Maternal age at

birth

<25y 282 9.0 39 8.9 7 10.6 2 5.0

25-35y 2265 72.2 329 74.8 46 69.7 31 775

>35y 592 18.9 72 16.4 13 19.7 7 17.5

CD, celiac disease. DQ2 denotes DQA1*0501-DQB1*02; DQ8 denotes DQA1*0301-DQB1*0302.

TABLE 2 CBCL Scores Reported by Mothers of No-CDA Children, Unaware-CDA Mothers, and Aware-

CDA Mothers at 3.5y of Age

CBCL Score No-CDA (N = 3651) Unaware-CDA (N = 66) Aware-GDA (N = 440)
Mean (SD) Mean (SD) Mean (SD)
Internalizing Composite 5.72 (5.09) 6.80 (6.75) 5.42 (4.86)
Anxious/Depressed 1.26 (1.57)2 1.82 (2.58)2 1.01 (1.34)2
Emotionally Reactive 1.86 (1.94) 2.05 (2.41) 1.87 (2.06)
Somatic Complaints 1.63 (1.78) 1.77 (1.81) 1.71.(1.77)
Withdrawn 0.96 (1.32) 1.17 (1.40)2 0.83 (1.22)2
Externalizing Composite 9.54 (6.91)2 11.21 (8.04)2 8.89 (6.64)°
Attention Problems 1.55 (1.59) 1.65 (1.70) 1.38 (1.44)
Aggressive Behavior 7.99 (5.80)2 9.56 (6.67)? 7.51 (5.62)2
Sleep Problems 2.59 (2.33)2 3.32 (2.64)2 242 (2.21)2

@ Unaware-CDA group differed from the no-CDA group, the aware-GDA group, or both.

Among the 3 subgroups of aware-
CDA mothers, almost all (n = 103,
94.5%) of aware-CDA children with
biopsy-confirmed celiac disease
were on a gluten-free diet, whereas
the 2 other aware-CDA subgroups
had much lower rates of following
a gluten-free diet (aware-CDA with
biopsy that failed to confirm celiac
disease: n = 3, 12.5%; aware-CDA
with no biopsy: n = 20, 6.5%). No
differences were found in CBCL
scores for aware-CDA mothers
based on whether the child was

on a gluten-free diet. Similarly, no
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association was found between
CBCL scores and tTGA levels at 3.5
years.

DISCUSSION

The current study prospectively
examined psychological
manifestations of CDA in young
children as a function of mothers’
awareness of their child’s CDA status.
At 3.5 years, mothers who were
unaware of their child’s CDA reported
more child anxious and depressed
symptoms, aggressive behaviors,
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and sleep problems than mothers

of children without CDA. These
results support previous studies
documenting depression, anxiety,
and sleep problems as possible
manifestations of celiac disease.13>
The current study provides even
greater support for this association
because mothers were unaware of
their child’s CDA status at the time
of symptom reporting. Interestingly,
when mothers are aware of their
child’s CDA, they report levels of
psychological symptoms that are
similar to, or lower than, mothers

of children with no CDA. However,
it is important to note that group
means were in all cases below clinical
cutoffs on the CBCL, suggesting that
these are subclinical differences.
Furthermore, our findings did not
support these relationships between
CDA and psychological symptoms in
children at 4.5 years of age.

Parent awareness of the child’s CDA
had a strong influence on parent
reports of psychological symptoms
at 3.5 years of age, which mirrors our
previous study focusing on physical
symptom reporting. In our previous
work, awareness that a child has
CDA is associated with more parent-
reported child physical symptoms.”
We have now shown that awareness
of a child’s CDA is associated with
decreased mother reports of child
psychological symptoms. Perhaps
the knowledge of the child’s CDA
increases a parent’s sensitivity to
physical discomforts of their child
while providing an alternative
explanation for any psychological
symptoms the child exhibits. Given
that the initiation of a gluten-free diet
and the level of tTGA titers may affect
a child’s symptoms related to CDA,
we also examined these variables.
Neither gluten-free diet (present
almost exclusively in children with
biopsy-confirmed celiac disease)

nor tTGA levels were associated

with psychological functioning. This
finding was unexpected, because
both factors can be related to celiac
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Child Behavior Checklist

) (CBCL) score
'—'—‘ Internalizing Composite
'—"—‘ Emotionally Reactive
H—i Somatic Complaints
= Withdrawn
! b i Externalizing Composite
H"—' Attention Problems
—_— Aggressive Behaviors
e Sleep Problems
R T T S A

Mean (95% CI) adjusted’ difference in CBCL score
(unaware-CDA group vs. aware CDA group)

FIGURE 1

Difference in CBGCL scores between the unaware-GDA group and aware-GDA group. Positive values
indicate that the unaware-CDA group had higher CBCL scores. 'Difference in CBCL score was adjusted
for country of birth, HLA antigen risk group, sex, FDR with celiac disease, and maternal age at birth.

disease symptoms (eg, gluten-free
diet can ameliorate symptoms).
Imprecise data related to duration of
gluten-free diet in the children with
celiac disease may have contributed
to this lack of an association.

In terms of the relationship between
CDA and psychological functioning,
our findings suggest that the age

of the child is very important.
Parents who were unaware of

their child’s CDA reported more
child psychological symptoms than
parents of children without CDA
when children were 3.5 years of
age; this finding was not observed
among parents of children 4.5 years
of age. This pattern of results is
remarkably similar to that reported
previously for physical symptoms.”
In this previous study, parents of

2- and 3-year-old children, but not
4-year-old children, were more likely
to report child physical symptoms in
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children with CDA than in children
without CDA. These differences
suggest that the presentation of CDA
depends on the age of the child, and
we postulate several explanations
for this finding. First, perhaps
children developing CDA at a younger
age have more significant disease
pathology, yielding more noticeable
symptoms, both psychological

and physical. Second, younger
children, who have less developed
verbal skills, may be more likely to
express physical discomfort (eg,
gastrointestinal symptoms) through
emotional symptoms, such as crying
or appearing depressed, than older
children. In fact, child development
research supports the assertion
that children respond differently

to internal states as they develop,
with younger children more often
expressing internal states such as
pain with behaviors rather than
using verbal explanations.* By 4 to



5 years of age, children are able to
more effectively verbalize physical
discomfort to their parents and
are less likely to manifest their
discomfort through psychological
symptoms.15 Third, older children
may be better able to acclimate to
mild physical distress associated
with celiac disease than younger
children, accepting celiac symptoms
as “normal” given their chronicity
and, as a consequence, report
fewer psychological and physical
symptoms.16

The current study has several
strengths, including the prospective
design and the inclusion of a large,
international cohort of children.
There were also limitations. Among
our 4.5-year-old children, very

few mothers were unaware of

their child’s CDA status, limiting

our power to detect differences
between groups. Given our cohort
of children genetically at risk for
T1D and celiac disease, findings may
not be applicable to a more general
population. We focused on CDA, and
not celiac disease per se, because
many of the children with CDA had
not undergone endoscopic testing

at the time of analysis. Study results
may vary if only biopsy-confirmed
cases of celiac disease are included,
although we did not find differences
in psychological functioning between
children with biopsy-confirmed
celiac and those without endoscopic
testing. CDA may represent an
earlier stage of the disease with

less impact on the small intestine
and fewer clinical manifestations.!®
However, it is important to reiterate
that within TEDDY, the majority
(>80%) of children with CDA who
underwent an intestinal biopsy

have confirmed celiac disease.” In
fact, CDA may be a more objective
measure of disease process because
serological testing is not dependent
on inherent differences in endoscopic
methods (eg, endoscopic sample
cutoff differences, human variation in
biopsy interpretation).

CONCLUSIONS

This is the first prospective study to
demonstrate an association between
CDA and mother-reported subclinical
psychological symptoms in very
young children before mothers are
aware of their child’s CDA status.
These findings are particularly
noteworthy because mothers were
unaware of their child’s CDA status,
eliminating the potential bias of
retrospective reporting. Although
pediatricians are probably cognizant
of the importance tTGA screening
when children present with more
typical physical symptoms of celiac
disease, such as gastrointestinal
upset, this study suggests that
providers should also attend to
psychological symptoms such as
anxiety and depression, aggressive
behavior, and sleep problems. In
fact, pediatricians may want to
recommend tTGA testing in children
<4 years of age with a family history
of celiac disease if parents report
child psychological symptoms.
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