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Abstract
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Author involvement: This thesis is based on the ongoing research project “Gluten
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worked as research assistants. We researched and selected measures, created the assessment
procedure, got changes approved ethically by REK, pilot tested the study, recruited
participants, collected the data, and selected and performed statistical analysis.

Background: Over the last decade, an increasing body of research has indicated that
celiac disease and non-celiac gluten sensitivity (NCGS) is related to various aspects of
psychological as well as gastrointestinal functioning. People with Down syndrome struggle
with impaired psychological functioning and increased prevalence of gluten-related disorders.
Nygaard et al. (2001) found anti-gliadin IgA and IgG, two possible indicators of NCGS, to be
related to cognitive/motor functioning in children with Down syndrome. However, more
research is needed on how NCGS affects psychological functioning.

Method: We assessed cognitive/motor functioning of 21 children with Down
syndrome and their prevalence of anti-gliadin IgA and IgG. Parents assessed parenting stress
and their child’s gastrointestinal symptoms, behavioral/emotional problems, health-related
quality of life, and curiosity through questionnaires. The relationship between NCGS and
facets of psychological functioning were investigated using non-parametric and parametric
correlational methods, and linear models. Path analysis was used to investigate whether the
relationship between NCGS and cognitive/motor functioning was mediated by curiosity.

Results: No significant relationship were found between NCGS and psychological
functioning. Effect sizes indicated that anti-gliadin IgA and IgG are considerable negatively
related to cognitive-motor functioning. Incoherent results were found for the relationship
between NCGS and behavioral/emotional problems, health related quality of life, parenting
stress and curiosity. Curiosity was not found to mediate the relationship between NCGS and
cognitive-motor functioning.

Conclusion: This thesis finds partial support for the negative relationship between
NCGS and facets of psychological functioning. Cognitive-motor functioning was found to be
negatively related to anti-gliadin IgA and IgG, implying a possible effect of NCGS. A larger

sample size and more studies are needed to further investigate the proposed relationship.
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1. Introduction

Celiac disease (CD; see Appendix A for all abbreviations) is a gluten-induced disorder
in which gluten consumption causes the body to mount an immune response that attacks the
small intestine (Ludvigsson et al., 2013). Other individuals lack the characteristic serological
and histological markers of CD but still report a wide range of celiac-like symptoms that
disappear once gluten-containing cereals are removed from the diet. The causes and
mechanisms of this syndrome, known as non-celiac gluten sensitivity (NCGS), are still
largely unknown (Catassi et al., 2015). Over the last decade, an increasing body of research
has indicated that CD and NCGS not only affect gastrointestinal functioning, but may impair
various aspects of psychological functioning, as well (Daulatzai, 2015; Pennisi et al., 2017).

Studies have shown that people with Down syndrome (DS) have both an increased
prevalence of gluten-related disorders and impaired psychological functioning
(Folkehelseinstituttet, 2015; Marild et al., 2013). Nygaard et al. (2001) found anti-gliadin IgA
and IgG to be related to cognitive/motor functioning in children with DS, and the present
study intends to further investigate this relationship. The aim of the thesis is to investigate
whether there is a relationship between NCGS and psychological functioning in children with
DS, thereby contributing to the understanding of NCGS in general and how it affects those
with DS.

1.1 What is Celiac disease?

Celiac disease is a chronic small intestinal immune-mediated enteropathy precipitated
by exposure to dietary gluten in genetically predisposed individuals (Ludvigsson et al., 2013).
When gluten is consumed, the small intestinal mucosa becomes inflamed, the intestinal villi
are damaged, and the ability to absorb nutrients is impaired. The only known effective
treatment is a lifelong gluten-free diet.

Traditionally, CD patients have presented symptoms of malabsorption such as
diarrhea, weight loss, steatorrhea, and failure to thrive. Over time, that has changed: the
proportions of patients diagnosed with symptoms of malabsorption has decreased, and CD
patients with a variety of other types of symptoms have received more attention. These
symptoms include gastrointestinal symptoms, ataxia, neuropathy, depression, and anemia
(Al-Toma et al., 2019).

These diverse symptoms seem to be caused by gluten eliciting an autoimmune
reaction. Gluten is a mix of proteins, the most prominent being gliadin, which is found in
wheat, rye, and barley. When these proteins are consumed, they are broken down in the gut

into smaller parts. The smaller gluten peptides can cross the intestinal wall in the small
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intestine and enter the submucosa. In the submucosa, the enzyme transglutaminase 2 (TG2)
deaminates the gluten peptides making it easier for them to bind to the HLA-DQ2 and HLA-
DQS8 molecules on the surface of antigen presenting cells (Ludvigsson et al., 2013). This
binding activates the T-helper cells (specifically CD4"), releasing cytokines that triggers
activation of inflammatory cells in patients with CD (Ludvigsson et al., 2013). This causes
other immune cells to migrate to the area and damage the intestinal wall. The cytokines also
trigger the activation of B cells that produce specific gluten antibodies such as anti-gliadin
IgA and IgG and anti-TG2 IgA (Alaedini & Green, 2005).

Genetic studies have shown that CD is associated with the expression of HLA-DQ2
and HLA-DQS8. They are estimated to contribute 25%-40% of the genetic variation of CD.
HLA-DQ?2 is carried by 95% of CD patients, with a minority carrying HLA-DQS8 or a
different HLA-DQ?2 variant. These gene variants are quite common with up to 40% of
Europeans testing positive for HLA-DQ2 or HLA-DQS. Of these 40%, only 3% develop CD.
This indicate that the HLA variants are necessary but not sufficient for the development of
CD (Withoff et al., 2016).

Most patients with CD typically have signs of IgA antibodies against the TG2
enzyme, as well as IgG and IgA antibodies against deaminated gliadin peptide when exposed
to gluten (Ludvigsson et al., 2014). Currently, these serological tests are not sufficient to
establish a CD diagnosis, as a duodenal biopsy while the patient is on a gluten-containing diet
is required (Ludvigsson et al., 2014). However, the guidelines of the European Society for
Paediatric Gastroenterology, Hepatology and Nutrition suggest that a biopsy might not be
necessary if the antibody levels are high enough in children and the patient responds to a
gluten-free diet (Husby et al., 2012).

1.2 Non-celiac gluten sensitivity

Double-blind placebo-control challenge studies over the last decade have shown some
patients benefiting from a gluten-free diet without showing the serological, histological or
genetical markers of CD or a wheat allergy (Biesiekierski et al., 2011; Carroccio et al., 2012;
Shahbazkhani et al., 2015; Volta & De Giorgio, 2012). These patients typically suffer from
both intestinal symptoms such as bloating, abdominal pain and diarrhea; and extra-intestinal
symptoms such as fatigue, headache, anxiety and cognitive difficulties including foggy mind
(Catassi et al., 2015; Volta et al., 2014). Based on studies like these, the current consensus
definition of NCGS is “a syndrome characterized by intestinal and extra-intestinal symptoms

related to the ingestion of gluten-containing food, in subjects that are not affected by either
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celiac disease (CD) or wheat allergy (WA)” (Catassi et al., 2015, p. 4968); this reflects the
fact that the syndrome has largely been diagnosed through exclusion criteria.

It is unclear whether it is the gluten itself that triggers the symptoms, or other proteins
found in gluten-containing cereals. A review by Dale et al. (2019) of recent gluten challenge
studies on patients suspected of NCGS notes, “The lack of difference in symptoms between
placebo and gluten challenges found in most studies is a significant problem, giving strength
to the assumption that gluten may not be the main trigger of symptoms in most patients” (p.
34). It is possible the disorder could be better explained by other possible triggers such as
amylase-trypsin inhibitors, known as wheat ATIs (Fasano et al., 2015), or fructans instead
(Pinto-Sanchez & Verdu, 2018; Skodje et al., 2018). Some papers therefore argue that non-
celiac wheat sensitivity is a more appropriate term (Catassi et al., 2015). Other papers have
used the term gluten sensitivity, but that is considered too broad as it seemingly includes CD
(Ludvigsson et al., 2013).

Irritable bowel syndrome (IBS) is a common functional intestinal disorder causing
abdominal pain, bloating, gas, diarrhea, and constipation. IBS and NCGS were long thought
to have different pathogenesis, with overlapping gastrointestinal symptoms (Volta et al.,
2014). As NCGS might be triggered by wheat-related components other than gluten, and
gluten and wheat components may trigger IBS symptoms, the relationship between the
disorders is currently unclear (Catassi et al., 2017). Several studies have found a large overlap
in patients with IBS who react to a gluten-free diet (Shahbazkhani et al., 2015) and fructan-
inducing symptoms in patients with NCGS (Skodje et al., 2018). This might be explained by
subgroups of IBS-patients having NCGS and vice versa, but the jury is still out (Fasano et al.,
2015).

One other trait IBS and NCGS have in common that makes the differentiating them
more difficult, is the lack of validated biomarkers, although promising advances are currently
underway with NCGS. Uhde et al. (2016) have found increased serum levels of soluble CD14
(sCD14), lipopolysaccharide-binding protein (LBP), and antibody reactivity to microbial
antigens in patients with NCGS compared to both healthy controls and CD, which indicates
systemic immune activation. This activation also correlated with levels of fatty acid-binding
protein 2 (FABP2), suggesting the impairment of intestinal barrier integrity and increased
small intestinal permeability in patients with NCGS (Volta et al., 2017). Anti-gliadin
antibodies have also been suggested as a potential biomarker for NCGS, with Volta and De
Giorgio (2012) finding an anti-gliadin IgG prevalence of 56.4% in NCGS. A review by
Infantino et al. (2017) notes that though the correlation between anti-gliadin IgG and NCGS
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turned out to be significant in most studies, it does not seem to be a suffiecnt marker on its
own.

Estimates of the prevalence of NCGS typically range from 0.5% to 6% (Fasano et al.,
2015; Lundin, 2014). However, the current lack of biomarkers and unclear diagnostic criteria
make conducting prevalence studies difficult, and double-blind placebo-control challenge
studies can only diagnose approximately 20% of suspected NCGS patients (Molina-Infante &
Carroccio, 2017; Volta et al., 2017).

1.3 CD, NCGS and psychological functioning

Patients with CD frequently report some temporary cognitive impairments, or “brain
fog,” to memory, processing speed, executive function, and attention (Yelland, 2017). In the
last several years, a limited number of studies has examined the possible relationship between
CD and psychological functioning. One study has demonstrated improved cognitive function
in 11 newly diagnosed adults with CD after going on a gluten-free diet (Lichtwark et al.,
2014). Additionally, a study of 18 seniors have found that participants with CD had worse
cognitive function compared to similarly aged people without CD, even though the CD
patients had been on a gluten-free diet for a long time (Casella et al., 2012). A study using a
questionnaire have found that 401 adults with CD and 173 adults with IBS had a greater risk
of peripheral neurological problems than a control group (Pennisi et al., 2017).

Studies have also shown that CD can influence other parts of psychological
functioning. Two studies used Achenbach’s child behavior checklist to detect behavioral and
emotional problems in children with CD. In a study of 4,151 mothers, L. B. Smith et al.
(2017) found that CD was associated with increased reports of 3.5-year-old children’s
depression, anxiety, aggressive behavior, and sleep problems when mothers are unaware of
their child’s CD status, but no differences were found when the children were 4.5 years old.
Mazzone et al. (2011) found an increased rate of emotional and behavioral problems in 100
children with CD, compared to 100 in the control group. Epifanio et al. (2013) have
compared 66 children with CD to 66 healthy controls and found that CD influences parent
stress levels as measured by Parenting Stress Index, but not the patient’s health-related
quality of life. Two other studies from Spain and Sweden also found no effect of CD on
children’s health-related quality of life (HRQoL) using the KIDSCREEN-52 measure (Barrio
et al., 2018; Myléus et al., 2014).

Several studies have examined the relationship between psychological function and
NCGS. In a double-blind study, Peters et al. (2012) have found that three days of gluten

consumption was associated with higher levels on the Spielberger State Trait Personality
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Inventory depression scores in 22 people with IBS but without CD when compared to a
control group. A randomized study of 45 children with ADHD-related problems have found
that a gluten-free diet played a role in lowering the children’s levels of hyperactivity over the
course of six months (Lykogeorgou et al., 2014). Gluten sensitivity has also been found
related to ataxia (Hadjivassiliou et al., 2003).

The nature of the relationship between CD/NCGS and psychological functioning is
still unclear, as the few available studies often have a limited number of participants and have
other methodological problems (Yelland, 2017). It is also uncertain if this possible
relationship can be explained as a direct negative consequence of gluten or if there are more
indirect relationships.

The possible relationship among CD, NCGS, and psychological functioning can be
explained through dysfunction in the gut-brain bidirectional pathway. There is significant
evidence that the gut microbiota communicates with the central nervous system through
neural, endocrine, and immune pathways (Daulatzai, 2015). This has led to the suggestion of
two separate, but not necessarily exclusive, pathways.

The first suggested pathway is through inflammation. Studies have shown that gluten
causes increased gut permeability in CD, and some studies have found similar effects in
NCGS (Hollon et al., 2015). The increased gut permeability encourages the migration of
toxins and undigested food particles to sites where they can alert the immune system. This
triggers the release of cytokines, inciting systemic inflammation. There is growing evidence
this systemic inflammation is a precursor of neuroinflammation (Daulatzai, 2015; Yelland,
2017). This may cause widespread disruption of many key areas in both the brainstem and
neocortex, including the hippocampus, entorhinal cortex, basal forebrain, prefrontal cortex,
locus coeruleus, hypothalamus, and amygdala, leading to cognitive impairment (Daulatzai,
2015). This hypothesized pathway is supported by other studies that have found increased
concentrations of cytokines to be associated with changes in behavior, cognition and mood
(Daulatzai, 2015; Lichtwark et al., 2014; Yelland, 2017).

The other suggested pathway is through the release of gluten fragments called
exorphins. A permeable gut wall in CD and NCGS patients makes it easier for exorphins to
leave the gut, binding to opioid receptors throughout the body. Although the blood-brain
barrier is expected to protect the brain from opioid peptides like exorphins, studies have
suggested that they seem to be able to cross it if it is disrupted (Bressan & Kramer, 2016).
The presence of exorphins in the brain are linked to changes in behavior (Fasano, 2017) and

could influence the development of the central nervous system (Nygaard et al., 2001).
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However, this hypothesis has not been investigated, especially with human participants
(Yelland, 2017).

Other possible mechanisms have also been suggested. Studies have shown that
nutrients such as iron, vitamin D, and folate are associated with cognitive impairment
(Lichtwark et al., 2014). This is a possible mechanism in CD, as some patients show
malabsorption of micronutrients. However, Lichtwark et al. (2014) did not find a link
between levels of iron, Vitamin D and cognitive performance in CD for those put on a gluten-
free diet. Patients with NCGS did not show the same symptoms of malabsorption as in CD
patients (Biesiekierski & Iven, 2015). It is also possible that the relationship can be partially
explained by the somatic symptoms. NCGS and CD cause physical discomfort and fatigue
(Losurdo et al., 2018; Ludvigsson et al., 2014), which might affect general functioning.

If there is a relationship between NCGS, CD and psychological functions, it is likely
that it will start affecting a child rather quickly once he or she begins a diet containing gluten.
This could affect the child negatively in important development phases in its life and have
lasting consequences.

1.4 Down syndrome

Down syndrome is caused by the partial or total trisomy of chromosome 21 and is the
most common known source of intellectual disability. There are three known types of DS.
The most commons called trisomy 21, which means those with this type have three sets of
chromosome 21; it affects 90%-95% of the population with DS. Approximately 2%-4% have
translocation, meaning they have parts of an extra chromosome 21 localized on another
chromosome. In people with the third type, mosaicism, only some cells have an extra
chromosome, while others are normal. Mosaicism accounts for about 2%-4% of all cases of
DS (Papavassiliou et al., 2015).

People with DS share some common characteristic physical features. In addition to
their characteristic appearance, many with DS have additional conditions, e.g., heart defects,
hearing defects, vision problems, immune system deficits, digestive problems, and CD.
(National Institutes of Health, 2017, January 31). Most children with DS have delayed
development, but there are large individual differences within the population
(Folkehelseinstituttet, 2015).

The physician John Langdon Down clinically described the existence of DS in 1866,
but it was well known before this. The first indication of the existence of the disease is found
in 2500-year-old sculptures resembling people with trisomy 21 (Kazemi et al., 2016). It is

likely that DS has existed for as long as there have been humans. It seems that the overall



NON-CELIAC GLUTEN SENSITIVITY AND PSYCHOLOGICAL FUNCTIONING 12

prevalence of DS pregnancies is relatively similar among European countries. However, the
proportion of live-born children with DS varies more. It is likely that this can be explained by
the differences in pregnancy screening test and societal attitudes among countries
(Folkehelseinstituttet, 2016).

We still have limited knowledge of why some people are born with this extra
chromosome or parts of it. However, there is a strong connection between the age of the
mother at inception and the frequency of trisomy 21, which increase with the age of the
mother. A large European population-based study using the EUROCAT registries has found
that mothers aged 40+ had a prevalence rate that was 17 times higher than mothers aged 25-
29 (Loane et al., 2012). There is now ample of research investigating the parental origin of
the extra chromosome 21. Studies have indicated that approximately 90% of the meiotic
errors are maternal and are related to the nondisjunction of chromosome 21 (Vundinti &
Ghosh, 2011). The effects of paternal age are still undetermined; some studies have suggested
a small effect that is seemingly mediated by the maternal age (Fisch et al., 2003).

1.5 Down syndrome and gluten-related disorders

Children with DS have a considerably heightened risk for CD. A nationwide,
population-based case-control study in Sweden found a six-fold increased risk of CD in
individuals affected with DS (Marild et al., 2013). This fits well with a recent meta-analysis
by Du et al. (2018), who found a biopsy-confirmed prevalence of approximately 6% in
patients with DS, compared to estimates of approximately 1% in the general population
(Fasano & Catassi, 2012; Singh et al., 2018).

The relationship between DS and NCGS is still unclear, and, to the best of our
knowledge, there are currently no direct estimates of NCGS among people with DS. A study
by Gomes et al. (2016) of 77 children with DS found that 64% had gastrointestinal symptoms
and 43% had constipation, while blood samples indicated potential CD in 27%, and biopsy
confirmed CD in 13% of the children. Such results may indicate a greatly heightened risk of
NCGS among children with DS, as well. The difficulty of effectively diagnosing NCGS
makes it challenging to study this relationship (Catassi et al., 2015), but recent advances in
the identification of biomarkers open new avenues. Two DS studies have found heightened
levels of anti-gliadin IgG in 58% and 16% of their samples (AlRuwalily et al., 2017; Nygaard
et al., 2001), which could imply considerably heightened NCGS prevalence in people with
DS. However, more research is needed, as the two estimates varied greatly, and anti-gliadin

IgG is limited as a predictor of NCGS.
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The findings of Nygaard et al. (2001) are of special interest to this study, as it is the
only study investigating how gluten is related to psychological functioning in children with
DS. They studied 55 children with DS and found significant negative correlations (» = -0.13
to -0.51) between antibody response to certain food proteins (IgA and IgG activity against
gliadin and gluten), and psychological functioning (cognitive and motor function). The
strongest correlations found (r=-0.44 to 0.51, p<.005) was between IgA and IgG antibody
response to gluten and gliadin and the novelty preference measured by Fagan Test of Infant
Intelligence. The article used the results of the Fagan test as an indicator of the biological
basis for psychological development, being a strong indicator of future intelligence (McCall
& Carriger, 1993). However, as the results of the delayed recollection condition were
excluded from analysis, the results of the Fagan test might also reflect individual differences
in curiosity. Novelty preference is a form of visual exploratory behavior, and is generally
considered to be motivated by curiosity (Berlyne, 1950; Muentener et al., 2018; Spielberger
& Starr, 1994). It is possible the results of Nygaard et al. (2001) can be explained by a
mediation effect of curiosity on intelligence.

Research into CD and NCGS in Autism spectrum disorders (ASD) may help shine
more light on gluten’s influence on children with DS. Several studies have found a
relationship between the disorders for example DiGuiseppi et al. (2010), who found a
substantially higher prevalence of ASD in 123 children with DS aged 2 to 11 years than in the
general population. The focus on CD and NCGS in ASD has culminated in the popularity of
the gluten-free casein-free diet intervention for children with ASD, and it has been an
increasingly popular area of study in the last two decades (Czaja-Bulsa, 2015; Pennesi &
Klein, 2012). A review article on gastrointestinal symptoms in ASD from 2020 found that
83% of the articles highlighted increased symptoms in ASD patients, and it found suggested
associations between cognitive and behavioral deficits and gastrointestinal symptoms in
certain groups of individuals with ASD (Lefter et al., 2020).

It is disputed whether a gluten-free diet increases psychological functioning in
children with ASD. Navarro et al. (2015) have found no support for a change in behavioral
problems after putting 12 children with ASD on a gluten-free, casein-free diet. Ghalichi et al.
(2016) put 40 out of 80 children with ASD on a gluten-free diet and found a significant
decrease in both gastrointestinal symptoms and behavioral disorders. R. W. Y. Lee et al.
(2018) have found an increase in psychological functioning in 15 children after three months
on a ketogenic, gluten-free diet. Studies have found increased intestinal permeability in

children with ASD (de Magistris et al., 2010). Considering the relationship between DS and
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ASD, it is possible that similar relationships between CD/NCGS and psychological
functioning can be found in children with DS. Furthermore, the possible link between
CD/NCGS and ASD on the one hand and ASD and DS on the other may explain some of the
findings in people with DS.

Different national associations’ guidelines vary on the subject of screening children
with DS for CD, from not recommending it at all to recommending it for all patients
(Pavlovic et al., 2017). In Norway, the official guidelines dictate that children with DS should
be tested for risk factors (HLA-DQ2/DQ8 serotype) at 15 months of age, with yearly blood
samples recommended if positive (Regionsenter for habiliteringstjenesten for barn og unge,
2017). As far as we are aware, there are no current guidelines concerning NCGS and children
with DS. This is problematic, as many children with DS still have nonspecific gastrointestinal
symptoms without CD. These symptoms are often simply attributed to DS (Davidson, 2008),
and remain untreated. This has led to disagreement and uncertainty among parents and health
professionals regarding what consequences gluten has on the development of the children
with DS and whether they should be on a gluten-free diet. At the time of writing, there is
neither sufficient research evidence to understand the nature of their gastrointestinal
symptoms nor to confirm or reject the possible effect of gluten on the children’s
development. This thesis hopes to provide more insight into these phenomena and the
relationships among them, and thus contribute to the future decision basis for parents and
health professionals.

1.6 Aims and research questions

This thesis is based on a cross-sectional study investigating the relationship between
NCGS and psychological functioning in children with DS between 5 and 11 years old. The
present study measures NCGS through blood samples and parent-reported symptoms, and it
measures psychological functioning through neurocognitive test results and the child’s
parent-reported behavior.

The aim of the thesis is to investigate whether there is a connection between NCGS
and psychological functioning in children with DS. This is important knowledge to support
the need for further study of possible consequences of NCGS, and thus lay a foundation for
evaluating the benefits of possible measures and interventions. Such knowledge is especially
important for children with DS due to their over-frequency of both gluten-related disorders

and their poorer psychological functioning relative to the general population.
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This thesis’ primary hypothesis:

There is a negative relationship between NCGS and psychological functioning.
Psychological functioning is defined in this study as: cognitive functioning, quality of life,
and behavioral signs of anxiety, sadness, and anger.

The thesis also investigates the following secondary hypothesis:

The relationship between NCGS and cognitive-motor functioning is partially

mediated by curiosity.
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2. Method
2.1 Sample

The study consisted of 21 participants. The average age of the children in the study
was 8.5 years, with an SD of 1.88. There were eight (38.1%) boys and 13 (61.9%) girls. In
contrast to the expected 10.3% in the population (Statistisk sentralbyra, 2020), 38.8% of the
parents had a university or college degree (more than four years). Two participants were born
outside of Norway. Possible biological markers of NCGS were analyzed for seven
participants.

A total of 19 children had medical complications or conditions that could have
affected their cognitive as well as motor functioning. These included hearing impairment
(four children), visual impairment (18), different types of motor difficulties (six),
gastroesophageal reflux (two), Hirschsprung’s disease (one), milk allergy (two), other
allergies (four), and cardiac illnesses (12). Four participants reported using medication
against constipation (Movicol and Laxoberal). Two of the participants were on a gluten-free
diet; these participants were not excluded. Eight of the 13 participants with available celiac
diagnostics had one or more HLA-DQ2/DQ8 genotypes, and two out of 12 had levels of Anti-
deamidated gliadin IgG (anti-DGP IgG) over the reference range. Four participants were
excluded, two due to previously diagnosed CD, and two due to the amount of missing data,
which made the statistical software unable to impute their data.

2.2 Procedures

2.2.1 Author involvement in the study

We were hired in a 10% research assistant position with the study between April 2019
and May 2020 and took over the development of the study. We researched and selected
measures, created the assessment procedure, got changes approved ethically by Regional
Committees for Medical and Health Research Ethics (REK), pilot tested the study, recruited
participants, collected the data, and selected and performed statistical analysis. We aim to
publish an article based on the study when the data collection is completed later this year.

2.2.2 Pilot study

A pilot study was conducted to assess the feasibility of the psychometric tests,
standardize the procedure, and give the test administrators the practice needed to produce
reliable test results. Five participants between the ages of 3 and 5 were recruited through a
kindergarten in Oslo. The parents received written invitations with information about the pilot

and a permission slip. Seven adults piloted the questionnaire, leading to minor improvements
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in language and format. The data gathered during the pilot test was destroyed after the end of
the pilot and was neither used nor discussed in this thesis.

The pilot study revealed a need for rewards to motivate and help the children stay
focused. Accordingly, a system using stickers for each completed task and a small toy at the
end were added. The task Stockings of Cambridge from the Cambridge neuropsychological
test automated battery (CANTAB) was excluded from the battery, as it was ultimately too
complicated and time consuming for the participants. The simple variant of the Reaction Time
Index subtest was also dropped as the participants seemed tired and uninterested and did not
want to finish the task. None of the participants in the pilot had any problems with the more
complicated five-choice variant. Small adjustments were made to clarify the instructions of
the Nine-Hole Pegboard Test (9-HTP) and the CANTAB.

2.2.3 Recruitment

The participants of the study had to be between 5 and 11 years old and diagnosed with
DS. They had to live within the study’s geographical recruiting area of south-eastern Norway,
and both parents needed to give their informed consent. Children previously diagnosed with
CD were excluded, as were children with other conditions that made them unsuited to
participate in the study; this assessment was based on the judgement of the responsible
pediatrician. No participants were excluded based on this exclusion criterion.

The number of participants recruited was based on statistical strength calculation from
the only comparable previous study (Nygaard et al., 2001). That study found an average
correlation of 0.38 between four gluten related biological markers and two psychological
targets. This indicated that 52 participants were needed to be sufficiently safe to avoid type |
(0=0.05) and type II (=0.20) errors in bivariate correlation analyses. Because of economic
and practical constraints, it was decided that recruitment would stop at 70 participants.

The recruitment was done by sending written invitations with information about the
project and consent forms to parents of children with DS in the age group (see Appendix B),
and the parents had to sign up of their own volition. This was done through two different
types of partners. The 10 habilitation services of southern and eastern Norway were offered
pre-packaged letters to send the parents, with invitations and stamped return envelopes to
make it easy to sign up. Six of the habilitation services sent our prepared letters, while two
sent the invitations of their own initiative (without return envelopes). The following user
organizations helped share the study’s website ("Kognisjon og psykisk helse hos barn med
Downs syndrom med glutensensitivitet," 2019) and other information about the study through

social media and e-mail: Norsk Nettverk for Down Syndrom (NNDS), Ups&Downs Barum,
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Ups&Downs Hedemark, Ups&Downs Oslo, Ups&Downs Romerike, Ups&Downs Telemark,
Ups&Downs Vestfold and Ups&Downs Ostfold. An offer was also made to hold a
presentation of the study at parent gatherings, but due to COVID-19 all such meetings were
cancelled. The Norwegian Association for Persons with Intellectual Disabilities (NFU) shared
information about this study to the local branches in the recruitment area.

2.2.4 Test administration

The location of the test administration varied according to agreements with individual
participants, which were based on their needs. Eleven administrations for the participants
living in the area around Oslo took place at the University of Oslo (UiO). For participants
who lived farther away, the testing was primarily done at their local Habilitation Service, at
eight in total. Two participants were tested in their own homes.

The test administration consisted of an assessment of the child’s cognitive and motor
functions. This was done at a desk with chairs that could be adjusted according to their
height. While the parent could borrow an iPad to complete the questionnaire during the
assessment, some of the parents had to attend to their child and received a URL to complete it
at home instead.

2.3 Measures

2.3.1 Assessment of cognitive and motor functions

Cambridge neuropsychological test automated battery (CANTAB) is a battery
consisting of 18 optional non-verbal cognitive tests intended ages 4 to 90 and is administrated
on tablets (d'Ardhuy et al., 2015). CANTAB tasks are widely used with DS (Edgin et al.,
2010), and they have previously been used on a clinical Norwegian population (Torgersen et
al., 2012). The following CANTAB tasks were chosen based on test time, the suitability of
their difficulty level for the study’s participants, and the cognitive areas the study explored:

The motor screening task (MOT) provides a screening for visual, movement, and
comprehension limitations, as well as introducing the CANTAB tests to the participants. The
task involves selecting colored crosses presented on the screen as quickly as possible. No
results from this subtest were used in the statistical analysis.

The reaction time (RTI) five-choice variant tests motor and mental response speed.
The task involves holding down a button at the bottom of the screen. A yellow dot then
flashes in one of the five circles presented above. The participant then reacts as quickly as
possible, releasing the button and pressing the circle with the yellow dot. Two scores from the
subtest were used. RTI Median Five-Choice Reaction Time is the median duration it took to

release the button after the flash of a yellow dot, and R71 Median Five-Choice Reaction Time
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is the median time taken to release the button and select the yellow dot after a flash and is
measured in seconds.

Spatial span (SSP) is an assessment of visuospatial working memory capacity.
Squares are shown on the screen, some of which briefly change color in a variable sequence.
The participant must copy the sequence displayed by the computer. The number of boxes in
the sequence increases from two at the beginning to nine at the end, unless the stop criterion
of four failed sequences in a row is met. The score used from the subtest is SSP Forward
Span Reached, which is the longest sequence of boxes the subject successfully reached, with
a minimum score of two and a maximum of eight.

Paired associated learning (PAL) assesses new learning and visual memory. Boxes
are displayed on a screen, and some are empty, while others contain a hidden pattern. The
content of the boxes is shown in a randomized order. The participant is then prompted to pair
the patterns with the box that contained them. The patterns are repeated in a new randomized
order if the participant makes an error. The stop criteria are met if this happens four times in a
row. The difficulty increases by adding more boxes and patterns to memorize. Two scores
from the subtest were used. The PAL First Attempt Memory Score is the number of times the
subject selected the correct boxes on first attempt, whereas the PAL Total Errors (Adjusted)
reflects the number of times the subject chose an incorrect box, with an adjustment for trials
not reached.

We translated the original instructions as there was no available Norwegian
translation. The instructions were modified based on experience from the pilot study to
increase compliance (see Appendix C). A three-month test-retest study from 2020 found that
none of the CANTAB subtests in the study reached the acceptable test-retest correlation of »
> .75 (Karlsen et al., 2020). They found a Spearman’s rank correlation coefficient of .72 for
RTI, .69 for SSP, and .73 for PAL, whereas MOT was not included. These findings are
consistent with previous studies (Gau & Shang, 2010; Lowe & Rabbitt, 1998; Syvéoja et al.,
2015). To our knowledge, the study of Syvédoja et al. (2015) is the only one that has inspected
the test-retest reliability of the CANTAB battery in children, and it found Pearson’s
correlations between assessments for RTI five-choice movement time (» = .50, p <.001) and
RTI five choice reaction time (» = .63, p <.001). Several studies have investigated the
construct and criterion validity of the CANTAB battery. The studies found weak to moderate
correlations between CANTAB and other neuropsychological tests (Matos Gongalves et al.,
2018; P. J. Smith et al., 2013). In contrast, Torgersen et al. (2012) have found that PAL

correlated with a wide range of other established memory and intelligence tests, with
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correlations between .52 and .78. The most consistent correlation found was between PAL
and different general measures of memory.

The Stanford Binet 5 Abbreviated 1Q (SB5 ABIQ) is a shortened version of the
Stanford Binet Intelligence Scale, Fifth Edition (SBS5), and can be used on participants
between ages 2 and 85 (Bain & Allin, 2005). SB5-ABIQ consists of two subtests: a non-
verbal subtest (Object Series/Matrices) and a verbal subtest (Vocabulary). The raw scores
from each subtest were summed to create a matrix score and a verbal score, which were used
in the data analysis. The raw scores were also standardized and combined to create an
estimate of 1Q for sample description purposes.

Object Series/Matrices requires the participant to identify patterns of series of objects
and pictures. The first eight tasks are done with physical objects, and the participants must
figure determine what object from a pool of several continues the pattern shown to them. In
later tasks, the participants must identify patterns in matrices instead of objects. The task
continues until all tasks are completed or the stop criterion of four failed tasks in a row is
met. There are 36 items, the matrix sum score is created from these items with a score
ranging from 0 to 36.

The Vocabulary subtest requires examinees to use their verbal knowledge. It increases
in difficulty with each task. The first five tasks involve pointing to different body parts on
themselves and pictures. It continues with four tasks in which the participants must name
physical objects, followed by five tasks in which they describe actions in pictures. The rest of
the tasks involves defining words of increasing difficulty. There are 44 items in total; the
verbal sum score is created from these items and has a possible score between 0 to 74. It
continues until all tasks are completed or the stop criterion of four failed tasks in a row is
met.

The Norwegian instructions used in this study were translated by the Norwegian
Institute of Public Health (FHI) in its ADHD study, which is a part of the Norwegian mother,
father child study (MoBa; Rohrer-Baumgartner et al., 2014). A book review from Bain and
Allin (2005) found that the split-half reliability of the ABIQ score ranged between .91
and .98. The review also found that the test-retest reliability ranged from .84 to .95. Bain and
Allin (2005) have reported a concurrent validity between SB5 ABIQ and SBS5 FSIQ of .87 for
people over the age of 6 and .81 for children between 2 and 5 years old. The correlations
between SB5-ABIQ and the Wechsler Adult Intelligence Scale third edition (WAIS-III), and
the Wechsler Intelligence Scale for Children (WISC-III) were .81, and .69, respectively.
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The Nine-Hole Peg Test (9-HPT) measures fine motor skill. The participants must
take nine pegs from a container, one by one, and place them into the holes on the board, as
quickly as possible. They must then remove the pegs individually and put them back in the
container. The test is scored based on the time needed to place and remove all nine pegs. This
task is repeated for both hands. The test has moderately high test-retest reliability (Rs = .81
and .79) and high interrater agreement (Y. A. Smith et al., 2000). Studies have shown that 9-
HPT can discriminate manual dexterity between healthy controls and populations with
minimal hand dysfunctions (Feys et al., 2017). A recent has study found evidence supporting
construct validity of the 9-HPT by comparing the scores of participants with Parkinson with
varying hand dexterity loss (Proud et al., 2020). We translated the instructions to Norwegian.
The 9-HPT-score used in this thesis is the time used to complete the task with the dominant
hand.

2.3.2 Questionnaires

One parent of each participant had to complete a questionnaire. The questionnaire had
a short introduction with practical information, followed by nine forms (Appendix D).

Socio-demographical information was gathered through a form created for the study.
It included items on the participants sex, age, weight, height, birth country, parents’
educational level and the participating guardian’s relationship with the child.

The Brief Problem Monitor (BPM) is a short version of the Achenbach System of
Empirical Based Assessment (ASEBA) and consist of 19 items selected from three longer
scales (CBCL, YSR, and TRF). The instrument was developed to easily assess children’s and
adolescent’s (ages 6 to 18) development of internalizing, attentional, and externalizing
problems. There are three different versions, and the present study used the parent-report
version (BPM-P). The items are rated on a 3-point Likert scale from “not true” (1) to “very
true ” (3), with the option to comment on each item. While the items can be divided into three
subscales (one for each problem area), the score used in this study was the overall problem
score calculated by averaging all items. As a part of this study’s sample are not in school, the
wording “at school” in item 9 was changed to “in the kindergarten/at school.”

The original scales of the items were translated into Norwegian by Torunn S. Nevik
and Sonja Heyerdahl and published in 1986/88, 1993 and 2002 (Korner & Martinussen,
2012). A study investigating the psychometric properties of the Norwegian version of the
BPM found good construct and content (convergent) validity (Richter, 2015). Another article
has concluded that although the reliability of the total problem score is good, more

Norwegian or Scandinavian studies are needed to ensure its overall validity (Backer-
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Grondahl & Martinussen, 2018). Good psychometric properties have been found in the
Spanish and English version (Penelo et al., 2017; Piper et al., 2014).

The Parenting Stress Index Fourth Edition Short Form (PSI-4-SF) is a questionnaire
used to survey stress in the relationship between parent and child and is designed for use with
parents of children ranging in age from 1 month to 12 years. Its 36 items are divided into
three domains: Parental Distress, Parent-Child Dysfunctional Interaction, and Difficult Child,
which together create a Total Stress scale. Items are rated on a 5-point Likert scale from
“strongly agree” (1) to “strongly disagree” (5) and then averaged by each scale. Higher scores
indicate less stress as parents disagree with statements indicating stress.

This research team translated both the PSI-4 and PSI-4-SF into Norwegian, and the
translations were derived from the earlier Norwegian translation of the third edition by John
A. Ronning (Kaaresen et al., 2006). The translation was back translated by an independent
translation company, Akasie Spraktjenester AS, and approved by the publisher, Psychological
Assessment Resources, Inc. (PAR). Psychometric tests have demonstrated the good reliability
and validity of the Norwegian translation of the third editions, and the index has been found
to predict dysfunctional parenting and deviant development across different populations
(Korner & Martinussen, 2011). Studies have found strong psychometric properties of the
PSI-4-SF in English and Spanish (Barroso et al., 2016; S. J. Lee et al., 2016).

KIDSCREEN-10 is a questionnaire measuring HRQoL for children and adolescents
(ages 8 to 18). The KIDSCREEN-10 is a 10-item index version of the longer KIDSCREEN-
52. The parent report version of the form was chosen for this study. Parents are asked to
estimate how many HRQoL statements fit their child’s behavior on 5-point Likert scale from
“not at all ” (1) to “extremely” (5). As not all the children in the present study are of school
age, “kindergarten” was added to items 9 and 10. The answers were averaged to a general
HRQoL index.

The Norwegian version was translated by Haraldstad, Eide and Helseth in 2006. The
Norwegian KIDSCREEN-52 has been found to be reasonably valid (Haraldstad et al., 2011).
A pan-European study with 22,830 children and 16,237 parents across 13 European countries
found that KIDSCREEN-10 provides a valid measure of a general HRQoL factor in children
and adolescents (Ravens-Sieberer et al., 2010). A review by Haraldstad and Richter (2014)
has concluded that more studies are needed of the Norwegian parent report version.

1/D-Young Children (I/D-YC) is a parent report questionnaire measuring epistemic
curiosity in children. Epistemic curiosity is the desire for new information that motivates

knowledge acquisition and exploration. This is measured through two scales in the I/D-YC.
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The I-type scale measures interest-type curiosity, which is positive feelings of intellectual
interest associated with the anticipation of learning new knowledge. The D-type scale
measures curiosity stemming from the need to reduce unpleasant experiences of being
deprived of information (Piotrowski et al., 2014). Both scales consist of five items answered
on a 4-point Likert scale from “almost never” (1) to “almost always” (4), which are averaged.
The creators found the scale to produce valid and reliable measures of individual differences
in early expressions of curiosity (Piotrowski et al., 2014). This research team translated the
measure to Norwegian, and Jessica Taylor Piotrowski approved the back translation by
Akasie Spraktjenester AS on behalf of the creators.

The children s diet questionnaire is based on an earlier questionnaire used in a study
of children with a cow’s milk allergy (Kvammen et al., 2018), and it was adapted to the
current study’s focus on NCGS. The questionnaire consisted of 16 items concerning the
development of the child’s eating behaviors, current diet, use of supplements, and the child’s
compliance with its own growth curve. Item 5 (“What foodstuff do you NOT give the
child?”’) was used to measure the number of participants on a gluten-free diet through option
1 (“Gluten-containing cereals / flour [wheat, spelt, rye, barley]”). The questionnaire has not
previously been validated.

Gastrointestinal Symptom Rating Scale (GSRS) is a self-administered, 15-item
questionnaire used to measure gastrointestinal symptoms. It is the recommended measure of
symptoms in NCGS (Catassi et al., 2015). As the researchers found no readily available
parent report measures of gastrointestinal symptoms, the decision was made to adapt the
GSRS to this study’s population. This meant rewriting the start of the items from “Have you
been bothered by...” to “Have you noticed your child being bothered by...”. As such the
version used is not currently validated. The items were answered on a 7-point Likert scale,
“no discomfort at all” (1) to “very severe discomfort” (7). The items were averaged for a
GSRS total symptom scale. The publishers, AstraZeneca, granted permission to use and
modify the Norwegian version of the GSRS. Akasie Spriktjenester AS back-translated the
modified version, and the publishers approved it.

Sleep was measured through three items from the questionnaires used in the
Norwegian mother, father and child study (MoBa; Jin, 2016a; MoBa; Jin, 2016b). The results
from the sleep measure were not used in this thesis.

Bodily diseases was the eighth and last form and the researchers made it to map the
child’s somatic health. The participating guardian was asked to report the child’s somatic

problems; somatic impairments within motor functions, hearing, and sight; and the child’s use
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of medicines. The items were selected based on clinical experience and general knowledge of
possible confounding variables and risk factors. These items were used to screen for other
conditions that threatened the validity and reliability of the results.

2.3.3 Blood samples

The participants received a requisition for blood samples at the end of the assessment
session (see Appendix E). The blood samples were taken at a time and place of the
participants’ choosing, often done where the child was accustomed to being medically
examined. One tube of EDTA blood and one tube of serum were sent to Fiirst Medisiniske
Laboratorium for analysis, while a tube of serum was sent to the Department of
Gastroenterology, Oslo University Hospital (OUH).

Fiirst analyzed the samples for the established serological markers for CD: Anti-TG2
IgA, anti-DGP IgG, and major histocompatibility complex for serotypes HLA-DQ2.2, HLA-
DQ?2.5, and HLA-DQS8. They also analyzed additional general measures, including
hemoglobin, MCH, MCYV, ferritin, WBC count and differential, thrombocytes, CRP, TSH and
free T4, ASAT, and ALAT.

The tube of serum sent to the Department of Gastroenterology, OUH was used for
analysis of experimental NCGS-biomarkers: anti-gliadin IgA and anti-gliadin IgG, anti-
flagellin IgG and IgM, intestinal fatty acid-binding protein (I-FABP), lipopolysaccharide-
binding protein (LBP), and soluble CD14 (sCD14). The Department of Gastroenterology,
OUH performed the analysis of anti-gliadin IgA and IgG. The original intent was for Alaedini
Lab at Columbia University (Alaedini Lab, 2020) to perform the rest of the experimental
analyses, as they have the necessary equipment. However, due to difficulties obtaining a
material transfer agreement with Columbia University, it was decided that the Department of
Gastroenterology, OUH would acquire the necessary equipment.

Both anti-gliadin IgA and IgG were determined by enzyme-linked immunosorbent
assay (ELISA) using commercially available kits (a-gliatest SIgA and SIgG, Eurospital). The
cut-off levels were set at 50 and 15 arbitrary units (AU) for IgG and IgA, respectively, as the
manufacturer suggested. HLA-DQ?2.2, HLA-DQ2.5, and HLA-DQS8 were scored as either
positive or negative. Anti-tTG IgA, Anti-DGP IgG, and CRP were scored as a specific value
if the value was over a set minimum value, which is usually set to <1.0 U/ml for Anti-tTG
IgA and Anti-DGP IgG, and <1.0 U/mg for CRP. All other biological values reflect its ratio
per sample, with a minimum score of 0.

To better predict NCGS, a biomarker composite score was made (see section 2.6.1),

with higher scores predicting higher sensitivity. The biomarker composite was intended to
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contain all seven experimental NCGS biomarkers. However, only anti-gliadin IgA and IgG
were available in time for this thesis. All biomarkers will be included in the future article. The
main study also aims to assess measures of NCGS by analyzing each individual proposed
biomarker. As this thesis’s focus is psychological functioning, individual biomarkers will be
addressed in another article.

2.4 Ethics

The Regional Ethical Committee South-East Norway (REK), REK nr. 2018/1122 (see
Appendix F), approved the project. To ensure that the parents and children did not feel
pressured into joining the study, all contact occurred through existing contact persons, and
parents had to sign their children up on their own initiative. The invitation contained
information about the project, including its background and purpose, what it entailed,
possible advantages and disadvantages, and the storage and use of personal data (see
Appendix B3). Signed declarations of consent had to be provided from both parents before
the child joined the study. The parents were informed that they could withdraw from the
study at any time.

The information recorded included answers from the questionnaire, the child's
cognitive test results and results from the analysis of blood samples. UiO was responsible for
data processing. Only people authorized by the project manager had access to the data, and
only for the time they needed it. Everyone with access had a duty of confidentiality. The data
was stored electronically in an area specifically designed for the storage and processing of
sensitive data (TSD) at the UiO (University of Oslo (UiO), 2020a). TSD is certified for
storing sensitive health information. All statistical analysis of the data took place within
TSD's high-security system.

The following procedures were implemented to secure the storage of sensitive data.
All sensitive data was stored either in TSD’s high security system or the lockable filing
cabinet. Of this stored data, only the signed consent forms, answers from the questionnaire
and the contact information document had personal information. Separate IDs were used with
the contact information and the data gathered. The cypher connecting the participant number
and contact information ID was stored in the filing cabinet, while the contact information was
stored on TSD. The manual record forms for the SB5 and 9-HPT results were stored in the
filing cabinet and shredded after being transferred into TSD. All results are presented on a
group basis, and thus no participants can be recognized.

The results from the analyses of the blood samples are stored in the participants'

patient records at Oslo University Hospital, Rikshospitalet. The analyses was performed at
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Rikshospitalet and Fiirst Medisiniske Laboratorium, and the blood samples are stored in an
approved research biobank (the research biobank "Intestinal Diseases", ref. No. 2012/341) at
the Oslo University Hospital, Rikshospitalet. We manually transferred the results from the
blood samples to TSD, and all paper information used in this process was destroyed after the
information was electronically stored in TSD.

UiQO'’s electronic questionnaire service “Nettskjema’ was used to collect the
information from the parents. The data (answers to electronic questionnaires) were sent
directly to TSD and encrypted. This solution is approved for the collection of health data and
other very sensitive information. The computerized CANTAB test results did not contain any
personal information besides the participant ID and were stored on CANTAB’s cloud services
until we transferred them via secure lines to this projects TSD database.

2.5 Impact of the COVID-19 pandemic

As a consequence of the COVID-19 pandemic spreading to Norway in late February
(Solsvik, 2020), all research activity on the premises of UiO was closed on March 12
(University of Oslo, 2020b), leading to a shutdown of testing. At this time, approximately 20
participants had been recruited and one tested. Further recruitment was also effectively
suspended, as the capacity of health services was burdened, including habilitation services.
User organizations also suspended relevant activity, and all planned presentations were
cancelled.

To restart the activity of our study, we had to make a thorough evaluation of the risk
involved for the participants, and comply with national guidelines for COVID-19. Although
DS was not identified as a significant risk factor for the virus (Norwegian Institute of Public
Health, 2020), some comorbid conditions made parts of the population fall within high risk
groups (De Cauwer & Spaepen, 2020; Down Syndrome Medical Interest Group, 2020;
Espinosa, 2020). Thus, it was important to be prudent with the timing of resuming testing.
Habilitation services continued with their assessments of children with DS by early May, but
as this work was less urgent, a decision was made to wait until the consequences of the
broader gradual reopening were clearer.

By mid-June, the spread of COVID-19 was considered to be low and stable enough
for testing to resume, and an infection control protocol was created based on guidelines by
the Norwegian Institute of Public Health (FHI), guidelines used by other research projects,
and input from professionals from habilitation services (see Appendix C). The infection
control protocol focused on disinfection, hygiene, screening of symptoms, and social

distancing with COVID-19. The testing procedure was changed to make it easier to uphold
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the social distance of one meter. One participant withdrew from the study following the
pandemic, citing a lack of time before turning 12 and fear of contamination.

The four-month delay of data collection and recruitment had several consequences for
the study and this thesis. The study experienced a loss of participants due to withdrawal and
cancelled recruitment opportunities. The time available for data collection was reduced from
five to two months, and the time for data analysis and the subsequent finalization of the thesis
was reduced to one month. It was impossible to reach the targeted 70 participants in time for
the deadline of this thesis. There was also a loss of biological data. First, because of infection
control procedures in hospitals, some participants could not take the blood sample in time for
the thesis deadline, e.g., if they had a persistent cold. Second, it was not possible to complete
five of the experimental serum analyses in time. Furthermore, the delay of data made it
necessary to prepare and codify all analyses before the data was available, while being unable
to test the feasibility of these statistical analyses on the reduced data.

2.6 Data analyses

Statistical analyses were originally conducted using IBM SPSS Statistics version
26.0.0.1 (IBM Corp., 2018). However, due to its limitations with the analysis of multiply
imputed data, the multiple imputation itself and all later analyses were conducted using R
version 4.0.2 (R. Core Team, 2019). This includes the computation of composite and
standardized scores, reliability analysis, confirmatory factor analysis (CFA), correlations,
linear regression, and mediator analysis. The raw data was not handled prior to being
imported into SPSS. One syntax was created to organize the data and one to perform
preliminary analyses in SPSS (see Appendix G), and three scripts were created to perform the
analyses in R (see Appendix G). These were created prior to collecting and receiving the data.

2.6.1 Preliminary analyses

Data from the blood samples, SB5-ABIQ and 9-HPT were manually entered. To
minimize the risk of error all data was entered twice by two different researchers. SPSS was
then used to match the two datasets and look for inconsistencies between them. The
minimum and maximum values of all variables were also manually checked for impossible
values.

All the raw scores from the test battery and the parent questionnaire used in the
analyses were inspected for outliers, floor and ceiling effects, and normality. This analysis of
raw data was conducted using the explore function in SPSS. Outliers were detected using the
interquartile range (IQR) method, defined as observations falling below Q1-3*IQR or above
Q3-+3*IQR (Schwertman et al., 2004). All outliers detected were addressed using



NON-CELIAC GLUTEN SENSITIVITY AND PSYCHOLOGICAL FUNCTIONING 28

winsorization (Liao et al., 2017). Floor and ceiling effects were examined by looking at the
data spread. The Shapiro-Wilks test was conducted together with Q—Q plots and histograms
to determine whether the data were normal distributed.

Littles test of missing completely at random was conducted to determine whether our
data was missing completely at random (MCAR) (Li, 2013). Missing data was dealt adressed
multiple imputation (MI), 20 imputations with 10 iterations each were performed using the
package mice (v3.11.0; van Buuren & Groothuis-Oudshoorn, 2011).

A composite cognitive-motor score (CM-score) was made to predict cognitive
abilities, with higher scores predicting better once. In order to weigh all six motor-cognitive
subtests equally, the two scores of RTI and PAL were Z-scored and averaged, respectively, to
create separate subtest mean scores. PAL total errors (adjusted) were reversed to create the
PAL mean score. The CM-score was created using the averaged Z-scores of the following
variables: sum scores of the SB5 matrix and verbal subtests, 9-HPT-score (reversed), RTI
mean (reversed), SSP Forward Span Reached, and PAL mean.

The biomarker composite in this thesis consisted of anti-gliadin IgA and anti-gliadin
IgG as the other biomarkers were not available. Three different biomarker composites were
created due to the expected non-normal distribution of the biological measures: the first by
averaging the Z-scores of the biomarkers, the second by transforming the biomarkers into
ranked scores and then averaging them, and the third by logarithmically transforming the
biomarkers before Z-scoring and averaging. The three versions of the biomarker composite
and the CM-score were analyzed for normality both visually with histograms and Q—Q plots
and with the Shapiro-Wilks test (Razali & Yap, 2011) using the packages dplyr (v0.7.8;
Wickham et al., 2020) and ggpubr (v0.4.0; Kassambara, 2020). The results from Shapiro-
Wilks and the plots could not be pooled, so all 20 imputations were analyzed separately.

All the scales from the study were examined for internal validity with Cronbach’s
Alpha using the package psych (v2.0.8; Revelle, 2020). The alpha score was calculated and
then averaged across all imputations. CFA was used to investigate the relationship between
the observed variables and the underlying latent constructs and was performed using the
package lavaan (v0.6-7; Rosseel, 2012). The chi-square value, an index to describe
incremental fit (Tucker—Lewis index), and a residual-based measure (root mean square error
of approximation) were used to evaluate the model (Jackson et al., 2009). The modification
of the GSRS made some items potentially unobservable (Items 1, 2, 3, 4, 5, and 7, see
Appendix D). While all items were used in the main analyses, the potentially unobservable

items were excluded in an additional CFA to investigate their influence on the GSRS-score.
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2.6.2 Statistical analyses

The distribution of residuals in the planned linear models was checked for each of the
three potential biomarker composites, using the Shapiro-Wilks test and histograms from the
R-package car (v3.0-8; Fox & Weisberg, 2019). This indicated that the ranked transformed
biomarker composite had the best fit and was thus selected for the statistical analyses.
Combined with GSRS, this meant the study had two measures of NCGS and the following
five measures of psychological functioning: the CM-score, the BPM problem score, the I/D-
Young Children score, the KIDSCREEN-10 total score, the I/D-YC epistemic curiosity score,
and the PSI-4-SF total stress scale.

The relationship between key biological and psychological measures and known
confounding variables (age, gender, and parents’ level of education) was investigated using
Pearson’s product-moment correlation through the r package miceadds (v3.10-28; Robitzsch
& Grund, 2020). Both Pearson’s product-moment correlation and Spearman’s rank
correlation were calculated on the imputed data to investigate the relationship between
measures of psychological functioning and symptoms of NCGS. These correlations were
partial and controlled for the three confounding variables. Identical partial correlation
analyses were also done on the seven participants with complete anti-gliadin IgA and anti-
gliadin IgG data as a sensitivity analysis.

The intended multivariate analysis technique was structural equation modeling, using
the R package lavaan (v0.6-7; Rosseel, 2012). This approach did not work on the current
data, likely due to the low sample size (Wolf et al., 2013). Linear regression was therefore
selected to model the relationship between NCGS and psychological functioning on the
multiply imputed data, using the package mice (v3.11.0; van Buuren & Groothuis-
Oudshoorn, 2011). Five linear models were created with GSRS and the biomarker composite
as predictor variables. Each model used one of the five measures of psychological
functioning as the outcome variable (CM-score, BPM, I/D-YC, KIDSCREEN-10 and PSI-4-
SF). All linear models included age, gender, and parents’ level of education as covariates to
control for their effect. To remove the effects of the covariates on the r2, separate linear
models were created to estimate their r2 on each facet of psychological functioning (see Table
H1, Appendix H). The covariate r2 was then subtracted from the main analyses to calculate
the r2 of the NCGS measures. The composite scores from GSRS, BPM, PSI, KIDSCREEN,
and I/D-YC were Z-scored, as standardized beta coefficients cannot be pooled across imputed

datasets because there is no available statistical method to do so (van Ginkel, 2020).
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As it is not possible to run regression diagnostics on pooled estimates from the
imputed datasets, the following diagnostics was checked on each of the 20 imputed datasets
using the package car (v3.0-8; Fox & Weisberg, 2019). The linear relationships between
predictor and outcome variables in the linear models were checked using partial residual
plots, normal distribution of residuals using the Shapiro-Wilks test and histograms, and
multicollinearity using the variance influence factor. Homoscedasticity was analyzed using
the White test from the R package skedastic (v1.0.1; Farrar, 2020).

Mediation analysis was performed using a structural equation model in R with the
package lavaan (v0.6-7; Rosseel, 2012). The analysis was modelled with GSRS and the
biomarker composite as predictor variables, the CM-score as the outcome variable, and the
I/D-YC epistemic curiosity score as the mediator, while controlling for age, gender and
parental education. The Monte Carlo Method for Assessing Mediation (Selig, 2008) was used
with the package MASS (v7.3-53; Venables & Ripley, 2002) to test the significance of the
indirect effect. For the simulation at 95% confidence interval 20,000 repetitions were used.
The plan was to use structural equation modeling to infer a latent NCGS-variable using the
biomarker composite and GSRS and then run the mediation analysis. This was not possible as
lavaan was unable to create latent variables based on our current data. Instead, a mediation
model with two paths was used and tested the effect of biomarker composite and GSRS
separately. The kappa-squared method (k 2) was used to calculate the mediation effect sizes

(Preacher & Kelley, 2011). The calculations were done using an online calculator (Rothmann,

2011).
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3. Results
3.1 Preliminary analyses
3.1.1 Distribution and missing data

The frequencies and percentages of demographic variables are presented in Table 1.

Table 1: Descriptive statistics of demographic variables

Variables Frequency Percent
Age “ (x:8.5) SD (1.88)
e 5-7 9 43%
e 89 8 38%
e 10-11 4 19%
Diet
Participants on gluten-free diet 4 19%
Participants not on diet 17 81%
Gender
Female 13 61.9%
Male 8 38.1%
Parental education
Professional degree (Fagskole) or lower 6 14.3 %
University or college, undergraduate degree (up to four years) 17 40.5%
University or college, graduate degree (more than four years) 16 38.1%
Unknown ° 3 7.1%

Note. N = 21. High school or lower= primary school, high school or professional degree
(Fagskole)
#In years, ° Three questioners answered with “I do not know” when asked for the father’s

degree.

The descriptive statistics of the test battery, questionnaire, and biomarker composite
are presented in Table 2. The children had an average IQ of 51.95. Six out of seven
participants had anti-gliadin IgG scores above the upper normal limit (50 AU/ml). No
participants reached anti-gliadin IgA scores above the upper normal limit (15 AU/ml), but
two participants were in the range of the border area (8.0-15.0 AU/ml).
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Table 2: Descriptive statistics of the test battery, questionnaire, and biomarker composite

N X SD Min-max

SBS5

Stanford Binet 5 Abbreviated 1Q 21 52.0 8.4 47-79

Sum score from Vocabulary subtest 21 14.5 3.4 8-22

Sum score from Object Series/Matrices 21 7.4 2.0 4-12
9-HTP-score 21 54.6 16.2 30.0-88.0
CANTAB

RTI Median Five-Choice Movement Time 15 456.9 156.0 262-677

RTI Median Five-Choice Reaction Time 15 743.5 196.5 391-1043

SSP Forward Span Reached 19 2.5 0.7 2-4

PAL First Attempt Memory Score 19 2.6 2.7 0-8

PAL Total Errors (Adjusted) 19 59.6 9.0 41-69
Questionnaires

KIDSCREEN-10 21 3.7 0.6 2.73-4.55

Parenting Stress Index Fourth Edition Short 21 3.8 0.5 2.64-4.53

Form

Brief Problem Monitor 21 1.6 0.2 1.26-2.05

I/D-Young Children 21 2.4 0.5 1.6-3.2

Gastrointestinal Symptom Rating Scale 21 1.8 0.7 1.00-3.20
Biomarker composite

Anti-gliadin IgA 7 5.356 5.220 1.71-14.63

Anti-gliadin IgG 7 81.213 35.592  23.64-134.07

Note. RTI = reaction time; SSP = spatial span; PAL = paired associates learning. The

Stanford Binet 5 Abbreviated IQ is normed; all other variables use raw scores.

The data has 6.93% missing values from all raw scores used in the statistical analysis.
Little’s test was not significant, indicating that our missing data is missing completely at
random. Two outliers were detected and winsorized: one in PAL Total Errors (Adjusted) and
one in RTI Median Five-Choice Movement Time. Seven (33%) participants hadthe minimum
PAL First Attempt Memory Score of zero, and 11 (52%) had the minimum SSP Forward Span
Reached score of two, indicating floor effects in these two subtests.

Two of the questionnaires had significant Shapiro-Wilk test results and skewed plots,

suggesting that GSRS and BPM are unlikely to have been created by a normal distribution.
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Due to missing data, the CM-score and biomarker composite were checked for normality on
each of the 20 imputations. The CM-score had no significant Shapiro-Wilks results,
indicating a normal distribution. The ranked biomarker composite had 1/20 significant
Shapiro-Wilks results. This, combined with the assessment of Q-Q-plots, indicates a
reasonably good normal distribution for the rank transformed biomarker composite.

3.1.2 Cronbach’s alpha and confirmatory factor analysis

Internal reliability of scales was checked using Cronbach’s alpha. As Table 3 shows,
all scales, except the biomarker composite showed strong internal consistency (o >0.70), with

PSI-4-SF showing excellent consistency (0=0.90-0.95).

Table 3: Standardized Cronbach's alpha of scales and confirmatory factor analysis model fit

Confirmatory factor analysis

a® df e RMSEA  TLI
Biomarker composite ° 52 NA NA NA NA
Gastrointestinal Symptom Rating Scale 82 90 154.50** .189 705
CM-score .79 9 8.31 .00 1
Brief Problem Monitor 72 NA NA NA NA
KIDSCREEN-10 84 44  62.06* 14 .92
Parenting Stress Index 4" Edition Short Form .94 NA NA NA NA
I/D-Young Children 85 35 86.35%* 271 932

Note. All numbers are standardized. NA= Not able to run/no data; RMSEA = Root mean
square error of approximation; TLI = Tucker—Lewis index
@ Mean Cronbach’s alpha across all 20 imputations. ® Ranked transformed

*p <.05. **p<0l.

CFA was used to investigate the relationship between our observed variables and the
underlying latent constructs made. KIDSCREEN-10, I/D-YC and GSRS had significant chi-
square results, suggesting bad model fit. The CM-score reached an accepted model fit level
on the root mean square error of approximation (less than .06) and the Tucker—Lewis index
(higher than .95), suggesting that the CM-score had good model fit (Jackson et al., 2009). No
other scales reached acceptable levels. Table 3 shows the CFA estimation of model fits. The
statistical software was unable to compute the CFA for BPM, PSI-4-SF, and biomarker
composite. Table H2 in Appendix H shows the available factor loadings for novel composites.

The standardized factor loadings of the items in the CM-score varied from .57 to .67.
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3.2 Statistical analyses

3.2.1 Correlations

The Pearson Product-Moment correlations between the control variables age, gender,
and parent’s level of education and measures of NCGS and psychological functioning can be
found in Table H3 in Appendix H. The only significant correlation was between gender and
CM-score (r = .45, p =.042).

Spearman’s p and Pearson’s r between key psychological and biological measures are
presented in Table 4. The CM-score correlated most strongly with the biomarker composite (r
=-.46; p =-.34) but had a low correlation with GSRS in an unexpected direction (r =.13; p
=.09). Both GSRS and the biomarker composite had generally low and not significant
correlations with the other measures of psychological functioning, with varying directions of
effects. Some significant intercorrelation between the questionnaire measures of
psychological functioning can be noted, both in expected (BPM with KIDSCREEN and BPM
with I/D-YC) and unexpected (KIDSCREEN with PSI-4-SF) directions.

A sensitivity analysis with the same procedure was performed on the seven
participants with biological data, and can be found Table H4 in Appendix H; it shows notably
higher correlations between the biological and psychometric measures. All the relationships
of the biomarker composite had the expected direction of correlations in the sensitivity
analysis, and the correlations with KIDSCREEN-10 (» =-.93, p = .042) and PSI-4-SF (r =
-.94, p = .04) were significant.



Table 4: Pearson product moment correlation coefficients and Spearman's rank correlation coefficient between measures of NCGS and
psychological functioning based on multiply imputed data.

1 2 3 4 5 6 7 8 9
1. Biomarker composite? - ke B -.03 -.34 -.11 .09 .08 -.07
2. Anti-gliadin IgA? 82%* - 33 -.09 -29 .00 .10 .05 -.08
3. Anti-gliadin IgG?* R 31 - .06 -25 -.20 .05 .08 -.01
4. Gastrointestinal symptom rating scale® -.12 -.17 .00 - .09 -21 .01 28 17
5. CM-score™ -.46 -41 -34 13 - -.11 -.04 -.13 .19
6. Brief Problem Monitor * -.08 -.01 -.13 -.11 -.07 - -.61%* -.55 -.48%*
7. KIDSCREEN-10 18 .16 A2 -.10 -.08 - 5T7H* - .69%* 27
8. Parenting Stress Index 4 Short form® 12 .06 13 38 -.05 -.38 S58** - 38
9. I/D-Young Children®™ -.14 -.16 -.06 25 16 -51%* 27 .34 -

Note. N =21. Spearman’s p correlations are in the top right section of the matrix (grey). Pearson’s » correlations are in the bottom left section
(white). Age, gender, and parents’ level of education were included as partial correlations when calculating all correlations.

? Ranked version of variables used in both correlation analyses.

b Ranked version of variables used only when calculating Spearman’s p.

¢ Higher score indicates better psychological functioning

4 Lower score indicates better psychological functioning

*p<.05.**p<.01.



3.2.2 Linear regressions

Regression diagnostics were conducted on all models of the relationship between
facets of psychological functioning and NCGS in each of the 20 imputations. The only model
with a significant Shapiro-Wilks test, which implies the non-normal distribution of residuals
was the model of NCGS and PSI-4-SF (Model 4) on 11/20 imputations. Q—Q plots and
histograms of seven randomly selected imputations supported the results of the Shapiro-
Wilks tests. The partial residual plots on the participants with complete data showed close to
completely linear relationships between predictor and outcome variables for all models.
These relationships stayed reasonably linear on the seven randomly selected imputations.
None of the models had a variance inflation factor over 4 signifying a problem with
multicollinearity. The White test was insignificant for all models and imputations, supporting
homoscedasticity for the models. In summary, there were no indications of any models
violating the assumptions of linear modeling, except the model of NCGS and PSI-4-SF
(Model 4).

Table 5 summarizes the linear modelling of the relationship between the measures of
psychological functioning and NCGS when controlled for the known potential confounders
age, gender, and parents’ level of education. None of the models had any significant results,
and the most significant relationships identified were between the biomarker composite and
CM-score in the expected direction (B =-0.35, p =.164) and between GSRS and PSI-4-SF in
the opposite direction of expected (B = 0.39, p = .135). This was also reflected in model 1 and
model 4 having the highest coefficient of determination, with an Ar? of respectively .18
and .17, respectively. The same unexpected direction of effects found in the correlation

analyses (Table 4) can be seen in the linear models, as well.
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Table 5: Summary of the linear models of the relationship between NCGS, as operationalized

through both GSRS and the biomarker composite, and measures of psychological functioning

on the multiply imputed data.

95% CI
B LL UL SE af P Model A’
Model 1: CM-score * 18
Intercept -0.25 -097 046  0.32 10.24 452
Biomarker Composite -0.35  -0.88  0.18 0.23 7.82 164
GSRS 0.06 -032 043 0.17 11.81 .754
Model 2: Brief Problem Monitor ® .06
Intercept 1.o1 -1.85 3.87 1.29 10.51 452
Biomarker Composite -0.10 -1.10  0.90 0.41 6.36 813
GSRS -0.10 -0.70 049  0.28 1239 .714
Model 3: KIDSCREEN-10* .07
Intercept 0.06 -1.04 1.17 0.50 11.20 .904
Biomarker composite 0.19 -0.77 1.15 0.40 6.67 .648
GSRS -0.10  -0.69 049  0.27 12.57 .725
Model 4: Parenting Stress Index 4 Short form? 17
Intercept -0.74  -1.69 022 044 1220  .119
Biomarker composite 0.18 -0.66 1.03 0.36 6.94 .623
GSRS 039 -0.14 092 024 12.72 135
Model 5: 1/D-Young Children * A2
Intercept 0.05 -1.06 1.16 0.50 10.83 919
Biomarker composite -0.13  -1.17 091 0.42 5.80 769
GSRS 023 -038 0.83 0.28 11.69  .431

Note. N =21. CI = confidence interval; LL = lower limit; UL = upper limit; f =

standardized estimates created by Z-scoring predictor and outcome variables; GSRS =

gastrointestinal symptom rating scale. All models included age, gender, and parents' level

of education as covariates, which are excluded from this summary. The ° from models

with the three covariates are subtracted from each model’s Ar°.
?Higher score indicates better psychological functioning

® Lower score indicates better psychological functioning
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3.2.3 Mediation analysis

As Figure 1 illustrates, the standardized path coefficients between the biomarker
composite, GSRS, and I/D-YC as predictors and the CM-score as outcome variable were
non-significant. The standardized path coefficients between the biomarker composite and
GSRS as predictors and I/D-YC as outcome variable were also not significant. GSRS had an
unexpected positive relationship with CM-score and I/D-YC. Using the Monte Carlo method
for assessing mediation, the 95% confidence intervals were estimated for biomarker
composite (-0.01 to 0.01) and GSRS (-0.11 to 0.17). The null hypotheses could not be
rejected, as the hypothesized values of a*b did not fall outside the confidence intervals,
indicating that no mediations were present. The kappa squared of the indirect effect of the
biomarker composite was x*=0.003 and for GSRS ?=0.009, indicating insubstantial (<0.01)
effect sizes (Preacher & Kelley, 2011).

Figure 1: Mediation analysis of the effect of the biomarker composite and GSRS on CM-score
as mediated by I/D-YC

Biomarker
composite
-0.39 (-0.39)
-0.04
[/D-Young 0.06
. >  CM-score
Children
0.15
- 0.03 (0.04)
Gastrointestinal
Symptom

Rating Scale

Note. The standardized path coefficient between GSRS/biomarker composite and CM-score,
controlled for I/D-Young Children, is in parentheses. The three control variables used: age,
gender, and parental education, are left out of the model for clarity. None of the paths were

significant (p <.05.)
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4. Discussion

Due to the COVID-19 pandemic this thesis is based on data with considerably fewer
subjects than the power analysis estimated to be necessary to avoid type I and type II errors. .
As the lack of participants increases p-values and thus risk of type II error, this discussion
focuses on the effect estimates, Ar* and correlations, found in the study. This is in line with
recent statistical literature advocating a greater focus on effect sizes in research (Field, 2013;
Fritz et al., 2012; Sullivan & Feinn, 2012). The most important predictor of NCGS in this
study is the experimental blood values. These analyses were severely limited in this thesis, as
we received only seven of 21 participants’ complete blood values and two experimental
measures of the intended seven. The decision was made to use multiple imputation to impute
the lacking biological measures, even though we are fully aware that the 67% missing data
for anti-gliadin IgA and IgG further limits the validity of these measures. We have decided to
downplay this lacking validity in the following discussion for two reasons: first, to be able
better to show the possible ways to interpret the results, and second, to keep the discussion as
close to the future article as possible.

4.1 Hypotheses

4.1.1 Primary hypothesis

The primary hypothesis of this thesis was as follows:

“There is a negative relationship between NCGS and psychological functioning.
Psychological functioning is defined in this study as: cognitive functioning, quality of life,
and behavioral signs of anxiety, sadness, and anger.”

The results from the correlations in Table 4 and linear models in Table 5, which both
used multiply imputed data, partially support the primary hypothesis. Six medium or larger
correlations were found between measures of NCGS and psychological functioning, using the
effect size descriptions of Funder and Ozer (2019; very small > .05, small > .10, medium
> .20, large > .30, very large > .40). However, none were significant, and the direction of
effects varied greatly, with some contradicting the hypothesis by implying that NCGS has a
positive relationship with psychological functioning

The analyses found a contradictory relationship between NCGS and the CM-score.
On the one hand, the biomarker composite correlated negatively with the CM-score (r = -.46;
p = -.34), implying that NCGS has a negative relationship with cognitive-motor functioning.
On the other hand, the correlation with GSRS is positive (» =.13; p = .09), implying that
more gastrointestinal symptoms have a positive relationship with cognitive-motor

functioning. While the relationships are contradictory, the linear model predicting CM-score
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(Model 1) still had the largest Ar? of the models (A7 = .18), likely due to the very large
correlation coefficient of the biomarker composite. Thus, while none of the estimates were
significant, the results might imply an overall negative relationship between NCGS and the
CM-score.

Studies on patients with CD indicating that gluten has an impact on cognitive
functioning support this potential negative effect of NCGS on the CM-score (Casella et al.,
2012; Lichtwark et al., 2014; Pennisi et al., 2017). Some caution is warranted when
comparing these findings to NCGS given the different natures of the disorders, as the
differences in serological, histological, and genetical markers make clear. On the other hand,
both CD and NCGS have extra-intestinal symptoms (Losurdo et al., 2018), and similar gut-
brain pathways have been suggested for them (Bressan & Kramer, 2016; Daulatzai, 2015;
Yelland, 2017), indicating that studies on one disorder may be relevant for the other.

The study of Nygaard et al. (2001) found significant relationships between IgA and
IgG reactivity to both gliadin and gluten with psychological functioning. These findings are
of special interest in the context of this study as they found significant correlations between
anti-gliadin IgA and IgG and SB5-subtests (» = .27 and » = .29 respectively) in children with
DS, but with a larger sample size (N = 51). Considering the even higher correlations with the
biomarker composite in the present study, it seems plausible that the current lack of
significant results is due to the low sample size. However, this high correlation might be
overestimated due to the small sample size, as well, considering how effect sizes of this order
in the context of psychology often imply an overestimation (Funder & Ozer, 2019). Yelland
(2017) in a summary of the existing literature on the relationship between cognitive
functioning and gluten intolerance, found that it was inconclusive, and the few studies
available often have a limited number of participants and other methodological problems.

The present findings partially imply a positive relationship between NCGS and the
three parental reported measures of psychological functioning (BPM, Kidscreen-10, and PSI-
4-SF). The implied direction of effects is contrary to the current hypothesis; however, none of
the estimates are significant. The positive correlations of the biomarker composite (» = -.08; p
=-.11) and GSRS (»r =-.11; p =-.21) with BPM both imply that NCGS leads to fewer
behavioral and emotional problems, with Model 2 finding an Ar? of .06. The existing
literature using the questionnaire BPM to investigate parental reports of behavioral and
emotional problems in children with CD is inconclusive. L. B. Smith et al. (2017) have found
differences when the children were 3.5 years old, but not at 4.5 years. Mazzone et al. (2011)

have found significant differences in an older sample (7.41+/-4.08 years). The results of
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Peters et al. (2014) imply that gluten might induce feelings of depression in NCGS patients,
and a review found depression to be more common in adult patients with CD than in healthy
controls (D. F. Smith & Gerdes, 2012).

The contradictory relationships of the biomarker composite (» = .18; p =.09) and
GSRS (r=-.10; p =.01) with KIDSCREEN-10 give no clear implications of the relationship
between NCGS and HRQoL. While we are not aware of any studies that imply a positive
effect of gluten related disorders on HRQoL, it is uncertain what relationship should be
expected. Two studies using KIDSCREEN-52 have found no effect of CD on HRQoL (Barrio
et al., 2018; Myléus et al., 2014). Other studies imply lower QoL in patients with CD
compared to the general population, and an increase in QoL on a gluten-free diet (Ludvigsson
et al., 2014). This could support the very low effect size found in Model 3 (A»> = .07).

The relationship of both the biomarker composite (» =.12; p = .08) and GSRS (
=.38; p =.28) with PSI-4-SF implies that more NCGS leads to less parenting stress, and
Model 4 also had the second largest identified coefficient of determination (Ar*=.17). This
contradicts the findings of Epifanio et al. (2013), who found higher parenting stress in parents
of children with CD compared to controls. It is important to note that Model 4 failed the
Shapiro-Wilks test on 11 of20 imputations and had a skewed distribution of residuals on most
of the histograms; however, the non-parametric Spearman’s p found the same direction of
effects.

Interestingly, the biomarker composite had the expected relationship with the three
parental reported measures of psychological functioning in the sensitivity analysis of the
seven participants with biomarker values (Table H4 in Appendix H). This might indicate that
that the imputation influences the relationships of the biomarker composite in the main
analyses. However, despite GSRS having no imputed data, its relationships with BPM and
PSI-4-SF also changed direction to expected in the sensitivity analysis sample. This
highlights the lacking generalizability of the present results due to sample size and the
proportion of imputed key variables.

The relationship between the measures of NCGS and I/D-YC showed the same
contradictory pattern as between NCGS and the CM-score. I/D-YC had a negative
relationship with the biomarker composite (» = -.14; p =-.07) and a positive relationship with
GSRS (r=.25; p = .17), with a As? of .12. Although none of these estimates were significant,
this indicates that more NCGS biomarkers decrease curiosity, while more experienced NCGS
symptoms increase curiosity. As far as we are aware, the study by Nygaard et al. (2001) has

examined curiosity in people with CD and NCGS. They have found strong correlations
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between IgA and IgG antibody response to gluten and gliadin and the novelty preference (» =
-44 to -.51, p <.05). These results were not replicated between I/D-YC and the biomarker
composite in this study, even though the direction was the same. One possible explanation for
the dissimilar results is that the Fagan test and I/D-YC measures different aspects of curiosity.
Whereas I/D-YC is a parent report questionnaire measuring complex behaviors, the Fagan
test directly measures novelty preference.

All the relationships described through the models rests upon the operationalization of
NCGS. This disorder can only be diagnosed through a double-blind placebo control challenge
(Ludvigsson et al., 2013) which would require an experimental design outside the scope of
this study. Instead, NCGS was defined through a combination of several criteria. The first
was the exclusion of participants with a wheat allergy and CD. The second was through the
presence of gastrointestinal symptoms as reported through GSRS, and the third was through
the presence of the seven (two in the present thesis) biomarkers that Uhde et al. (2016) have
found to be significantly different in the NCGS group compared to both the CD group and the
control group.

A common theme in the results was the unexpected relationships between GSRS and
the facets of psychological functioning. The relationships were generally weak, and several of
the relationships found had a direction that was opposite from what was theoretically
expected. A possible explanation is that the current adaption of GSRS lacks specificity as a
measure of NCGS. Some participants might have gastrointestinal symptoms caused by other
disorders without the same extra-intestinal symptoms as NCGS, such as IBS or other
gastrointestinal disorders connected to DS (Ravel et al., 2020). If so, the suggested gut-brain
pathways might not be involved, and the biological basis for the effect on psychological
functioning disappears despite symptoms reported through GSRS. Additionally, if the
prevalence of NCGS in DS is similar to that of CD (6%), then it is likely that very few or
none of the participants in the current sample has NCGS. This low specificity could
potentially undermine GSRS’s ability to predict the influence of NCGS on psychological
functioning, leading to type I errors. However, this still does not explain the directional issue.
Possible explanations are the small sample size, measurement error due to methodological
issues with GSRS as used in the study or unforeseen effects caused by an interaction with
DS.

Another limitation of the current operationalization of NCGS is the scarcity of
available biological measures. The lack of participants with complete blood values and the

loss of five suggested biomarkers limits the biomarker composites ability to predict NCGS.
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The multiple imputation of the biomarker composite seems to have influenced the modeled
relationship between NCGS and psychological functioning. The sensitivity analysis of the
relationship with BPM shows that this influence could be considerable.

Considering the limited number of biomarkers available and the biomarkers’ high
proportion imputed data, the biomarker composite’s current validity in measuring NCGS is
uncertain. The same can be said of GSRS with its limited specificity towards NCGS, in
addition to being an indirect parent report measure of gastrointestinal symptoms (see section
4.2.2 Questionnaires). Combining these two types of measures was intended to help
strengthen the thesis’s operationalization of NCGS, but the low correlation between the
measures and their contradictory relationship with measures of psychological functioning
complicates this. As some research suggests anti-gliadin IgG to be the most prevalent positive
antibodies in the NCGS population (Infantino et al., 2015), and GSRS is limited by being a
more indirect measure, the biomarker composite may be a more reliable estimate of NCGS
than GSRS.

Although the current results find ambiguous relationships between NCGS and facets
of psychological functioning, the implicated negative relationship between the biomarker
composite and cognitive-motor abilities might be partially explained by the suggested gut-
brain pathways. The low correlations with positive direction between the CM-score and
GSRS (r=.13; p =.09) imply that the effect of NCGS on the CM-score can be explained by
symptomatic discomfort only to a limited degree, allowing for biological mechanisms. These
gut-brain pathways are further supported by the high presence of NCGS associated anti-
gliadin IgG in the sample (6 of 7 over upper normal levels). The high presence of gluten
antibodies in the blood implies increased immune reactivity, which could have possible extra-
intestinal effects. Thus, the current findings offer some support for potential gut-brain
pathways.

In summary, some support was found for a negative relationship between NCGS and
facets of psychological functioning. The results imply a negative relationship between NCGS
and the CM-score. The relationship between CM-score and the biomarker composite was
considerably stronger than with GSRS, implying that biological mechanisms might be
involved. On the other hand, the findings from the other facets of psychological functioning
are inconclusive. As the results are incoherent and contradictory, it is too early to say if they
reflect lacking relationships, or whether they are the results of methodological issues.

4.1.2 Secondary hypothesis

The secondary hypothesis of this thesis was as follows:
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“The relationship between NCGS and cognitive-motor functioning will be partially
mediated by curiosity.”

The results from the mediation analysis presented in Figure 1 do not support this
hypothesis. The effect sizes of the indirect effects between the two measures of NCGS and
CM-score when controlled for curiosity were insubstantial (k= 0.003 for the biomarker path
and x*= 0.009 for the GSRS path). Neither the indirect effects nor any of the path coefficients
from Figure 1 were significant. Overall, this indicates that no mediation effect is present in
the current data.

It was hypothesized that the strong correlations found between Fagan Novelty
Preference and anti-gliadin IgA and IgG in Nygaard et al. (2001) might reflect a mediation
effect of curiosity on the effect of NCGS on cognitive abilities. The present mediation
analysis offers no support for this hypothesis. The fact that the correlations between the
Fagan Novelty Preference test and Stanford Binet-5 scores from Nygaard et al. (2001) are not
known, makes it difficult to say whether these results should be expected. As discussed
previously, the lack of comparable findings may be related to the considerably different
measures of curiosity.

The previously discussed methodological problems of small sample size, data
limitations in the biomarker composite and the unexpected positive relationships between
GSRS and several psychological measures might explain why no mediation effect was found.
There is also a possible theoretical explanation for the present results. Curiosity is generally
considered to be an important motivator for learning and cognitive development, however
relatively little research has investigated the relationship between curiosity and cognitive
abilities (Kidd & Hayden, 2015).

The relationship between curiosity and cognitive-motor ability might not be a direct
effect, which could explain why no mediation effect is present. The low, non-significant,
correlations (» = .16) found between curiosity and CM-score indicate that this might be the
case. This explanation is also supported by a correlational study of preschoolers that found no
significant effect between curiosity and intelligence (Henderson & Wilson, 1991). The
study’s authors argued that curiosity might only predict changes in intelligence, as the
relationship is not concurrent. Curiosity might affect the CM-score as a factor that motivates
children to seek more experiences, thus influencing their cognitive and motor ability. Thus,
two children with the same CM-score but differing in levels of curiosity would differ in CM-
score at a later age. This kind of relationship would be difficult to discover without measuring

cognitive-motor abilities and curiosity over time, which would make it possible to see if
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curiosity could predict changes in cognitive-motor abilities. This has been done in a
longitudinal study (Muentener et al., 2018) that investigated the stability of exploratory play
in infancy and how it related to cognitive development in early childhood. The study found a
significant positive correlation (» = 0.37, p = .028) of medium effect size between exploratory
play and higher 1Q at later testing. Another longitudinal study reported many years ago by
Kagan et al. (1958) also concluded that curious children seem more likely to show positive
changes in IQ over time.

In summary no support was found for the secondary hypothesis. This might be caused
by an actual lack of mediation effect, low sample size in the present study, or a limited
operationalization of the relationship between cognitive-motor abilities and curiosity
4.2 Methodological considerations

4.2.1 Test battery

The SB5 ABIQ is a well validated and reliable measure, and several factors indicate
that it was well-adjusted for the study’s population: No floor or ceiling effects were found
and there were no missing data from the two SBS5 subtests. Another benefit of the SB5-ABIQ
is the inclusion of an IQ measure, which makes it possible to compare this study’s results
with others. The Norwegian translation of the verbal subtest might have had a small effect on
the study’s IQ estimates, as some words changed in difficulty when translated. However, this
should not affect the main analyses since the scores are compared between subjects and not
with a normative group.

Several experiences that occurred during the administration of the CANTAB tasks
suggest that some issues affect its reliability and validity. Participants’ inability to complete
all the subtests affect the CANTAB results from this study. This was especially evident for
the RTI subtest, which could not be completed in six cases. This was seen in the pilot study as
well, and reward procedures were implemented to increase motivation. However, it turned
out to be insufficient.

As the test administrators subjectively assessed disappointment after starting the tasks
in several of the children, which could stem from unfulfilled expectations. An iPad is often
used for games and other entertainment, the repetitive and visually unstimulating tasks of the
CANTAB were likely not what they expected. Some participants also pressed the “Home”-
button when they did not want to continue, causing the subtest to reset. It should also be
noted that the visually unstimulating tasks of the CANTAB were also a strength, as cultural

bias is removed, and the monotonous tasks were useful to test sustained attention.
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The lack of compliance could be an effect of age. The CANTAB tasks are intended
for children as young as 4, but many of the younger participants in this study had difficulties
understanding and completing some of the tasks. One potential cause is the abstract nature of
the tasks, which could make them confusing and difficult to understand. Many of the
participants also struggled with the attention, motor, and coordination skills the CANTAB
tasks require. It is possible that this is especially difficult for young children with DS,
considering that many have delayed motor development (Ferreira-Vasques & Lamonica,
2015). The floor effects found in two CANTAB subtests combined with the fact that many
participants struggled to complete all the tasks, indicate that the CANTAB might be too
difficult for the study’s population.

It was deemed important to include a test of motor skills because of a previous study
showing that motor skills correlated negatively with possible biological markers of gluten
sensitivity (Nygaard et al., 2001). A potential limitation of 9-HPT is that it measures fine
motor skills and people with DS have motor difficulties and often struggle with finger
dexterity (Ferreira-Vasques & Lamonica, 2015). Studies indicating that 9-HPT can effectively
discriminate between different levels of fine motor skill difficulties within the same
population (Proud et al., 2020), in combination with a lack of indications of floor effects,
suggest that this was not an issue.

The subtests from SB5, CANTAB, and 9-HPT were combined into the CM-score,
which was created to obtain a more reliable measure of the participants’ cognitive and motor
abilities. The subtests stem from three different psychometric batteries, but studies
demonstrate that the same g-factor is measured across different intelligence batteries
(Reynolds et al., 2013). Although tests of motor abilities are not usually added into a
composite score together with cognitive abilities, there are studies that find a strong
relationship between cognitive and fine motor skills (van der Fels et al., 2015) indicating that
the two could have increased statistical power if combined.

This is supported by the strong internal consistency (a =0.79; Table 3) of the CM-
score. The CFA analysis also suggests good model fit, indicating that that model fit the data
well. However, model fit analyses must be interpreted carefully as they are unreliable when
there is a high number of parameters relative to the sample size (Ory & Mokhtarian, 2009).
The factor loadings found (ranging from .57 to .67; Table H2 in Appendix H) show similar
loadings to other tests of cognitive abilities, indicating good construct validity of cognitive

abilities (Floyd et al., 2009). The reliability and validity of the CM-score was important to
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determine, given that the test battery was created for this study, and none of the translated test
instructions were previously validated.

Testing young children with DS is generally a challenge, and combined with the
children’s variable motivation (Gilmore & Cuskelly, 2009; J. Wishart, 2001) this could
threaten the reliability of the measures. Subjective assessments of the test situation indicate
that many children did not achieve their optimal level of function on several of the subtests.
However, this measurement error might still reflect differences in the participants
psychological functioning, limiting how much it affects the potential conclusions regarding
the correlations found.

Another consideration is how the method used to control for age might affect the
validity and reliability of the CM-score. The method assumes a linear relationship between
the CM-score and age, this is likely not the case considering the large individual differences
in development within the population (Folkehelseinstituttet, 2015). The CM-score could have
used the already normed IQ scores of SB5-ABIQ-SF instead of raw scores to control for age.
A potential problem with using IQ is that the standardization of SBS5 is adapted and normed
for the general population, but children with DS do not follow the same curve as the general
population (Couzens et al., 2011; J. G. Wishart, 1993). This limits the use of existing norms.
Another reason is that CANTAB and 9-HTP does not have normative data available. This
would have caused SBS to be age-corrected with a different method than the 9-HTP and
CANTAB, or it would lead to SB5 being age-corrected twice (first from raw scores to IQ and
then age-controlling the CM-score in the analyses), creating another source of error.

A somewhat surprising finding is the relatively large significant correlation between
gender and CM-score (» = .456, p = .042; Table H3 in Appendix H). Most studies have found
small or non-significant effects of gender in intelligence measures (Buczytowska et al., 2019;
Sellers et al., 2002), and these studies usually have a larger sample then the current study.
However, some studies have such found effects. A longitudinal study by Lynn and Kanazawa
(2011) has found that the same girls, who obtained a higher average IQ than boys at the ages
of 7 and 11 years, obtained a lower average IQ than boys at the age 16 years. A possible
explanation of the gender effect found in this study is the slower maturation rate of boys
compared to girls. This explanation is difficult to confirm, as the relationship found in this
study is correlational and indicates say nothing about changes over time. In addition, the
delayed development seen in children with DS might affect this relationship in unforeseen
ways. As far as we know, no one has studied the effect of gender on cognitive abilities in

people with DS. Another possible explanation is that the effect found is due to spurious
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effects, caused by the low sample size or other methodological problems present in the
current thesis.

4.2.2 Questionnaires

The nature of the subject population made it necessary to gather behavioral data using
parent report forms. As many children in this population have delayed language development,
self-report was not an option. Their educational situation also varies greatly, making it
challenging to use teacher-report forms. For practical reasons, and to reduce potential missing
data, it was decided that only one parent would complete the form, and the parents decided
who would do so. Mothers could be assumed to have more insight into their children’s
HRQoL as, on average, they spend more time taking care of their children (Kitterad, 2012).
However, a Swedish and a German study have found good agreement between parents
HRQoL ratings (ICC of respectively .66—.76 and >.80) (Félt et al., 2018; Witt et al., 2019).
Studies have typically found greater agreement for HRQoL ratings between parents and their
child for observable functioning than unobservable functioning (Eiser & Morse, 2001; Rajmil
et al., 2013). KIDSCREEN-10 and our modified GSRS had some problems with items
requiring the parents to infer the child’s experiences. In general, parent-child agreement on
children’s HRQoL is moderate to low, with no clear trend for parents to overestimate or
underestimate their experiences (Rajmil et al., 2013; Stokes et al., 2011).

Though several questionnaires used in the analyses were abbreviated measures, they
still showed good internal consistencies (o > .70). This is important, as these abbreviated
measures are often less validated, and as the combination of fewer items and low sample size
increases the error in the study. The model fit estimates from the CFA for GSRS,
KIDSCREEN-10, and I/D-YC indicated a bad construct validity for the measures, possibly
caused by the low sample size (Ory & Mokhtarian, 2009). CFA could not be calculated for
two measures. BPM had intercorrelations between items that were too high, likely caused by
the low sample size and the 3-point Likert scale. PSI-4-SF had more items than there were
subjects in the study.

BPM, KIDSCREEN-10, and PSI-4-SF are well-validated instruments with good
psychometric properties. It is unlikely that the minor adjustments to BPM and KIDSCREEN
influenced their validity, especially as the results are not normed. We translated the I/D-YC
and PSI-4-SF, and the owners approved both back-translations. The validation of I/D-YC,
although limited, is promising, and we do not consider it likely that the current unexpected

findings are a consequence of its validity.
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The excellent psychometric qualities of the GSRS apply only partially to the version
used in this study, as it was adapted into a parent report form. Some items require parents to
answer questions that are not easily observed, which may affect its validity. On the one hand,
it is possible that children with more gastrointestinal symptoms are more bothered by them
and make their parents more aware of those issues. On the other, the potentially unobservable
items increase the influence of other characteristics of the child and parent, such as
personality and communication abilities. To investigate the effect of these items, an additional
CFA was performed in which they were excluded. The improved model fit estimates of this
CFA might imply that these items had an impact on the construct validity. This could help
explain some of the unexpected relationships of GSRS found in our main analyses. However,
as the ratio of items per subject is also halved, it is possible that the low sample size is the
main cause of the improved results. Thus, it was difficult to test the impact of these
unobservable items with the current small sample size, though an increase in measurement
error is likely.

4.2.3 Biomarker composite

To make the multitude of biomarkers more manageable in this thesis, a decision was
made to create a composite score of the biomarkers connected to NCGS. Based on the
promising findings of Uhde et al. (2016), it was assumed that this aggregated measure would
be more reliable than the individual biomarkers. As far as we are aware, this has not been
done before with potential biomarkers for NCGS. Although some studies have recently found
promising results when using a biomarker composite score in predicting diagnosis and key
outcomes (Basu et al., 2014; Dickerson et al., 2013; Munkholm et al., 2019), others have not
(Bouman et al., 2017).

The use of an untested composite made from experimental markers is a potential
limiting factor in its ability to measure NCGS. The predictive ability of each single biomarker
will be the subject of another article written based on the data. The validity of the composite
is further limited by the lack of available blood samples, which cause a high proportion of
imputed values, and that only two of the seven intended biomarkers were available. The low
internal consistency implied by the Cronbach’s alpha (o = .52) might be caused by a
combination of the low number of items in the composite (Tavakol & Dennick, 2011) and the
small sample size.

No participants had anti-gliadin IgA values over the cut-off, whereas six of seven did
for anti-gliadin IgG. Nygaard et al. (2001) study of 55 children found nine participants with

anti-gliadin IgG over normal limits and 19 participants with anti-gliadin IgG over normal
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limits. This difference is peculiar considering that these participants belonged to the same
clinical population. The analysis for the future article will include blood samples from
patients with active untreated CD to control for measurement error in the test kits.

4.2.4 Statistical considerations

Several statistical considerations influenced the validity and reliability of the findings.
An IQR of 1.5 is generally considered a mild outlier, while an IQR of 3 is considered an
extreme outlier (Schwertman et al., 2004). Given the large variation in cognitive development
in children with DS (Folkehelseinstituttet, 2015), using 1.5 as the cut-off would likely have
been too strict, causing an overestimation of outliers. Instead, the decision was made to use in
IQR of 3. Using a less strict criteria for outliers might affect the normality, as most of our
variables had several outliers using the 1.5 IQR criteria.

We expected considerable missing data due to the inherent difficulties in testing
young children with DS (Edgin et al., 2010; J. G. Wishart, 1993) and the COVID-19
situation. Having a statistically robust method of dealing with missing data was deemed
important. The two most robust methods currently used are multiple imputation and the full
information estimated maximum likelihood method, which yield similar results (Little et al.,
2016). Multiple imputation was chosen because it was more compatible with the analyses of
this study. Each of the imputations must be analyzed separately and then pooled according to
specific rules, as averaging leads to inaccurate estimates (van Buuren, 2018). Not all
statistical methods have established pooling rules, which causes some statistical limitations
(van Buuren, 2018). Although it is not recommended, the Cronbach’s alphas were averaged
across imputations causing lower validity. The averaged estimates were still considered valid
enough, as the variation between imputations was low.

As the biological variables were expected to be non-normally distributed, and the use
of multiple imputation limits the available nonparametric tests, the decision was made to
transform the variables based on best fit. Ranked transforming of the biomarker composite
eliminates the problem of skewness because all ranks are equally distanced from each other.
This also led to a loss of information, however, as the relative distance between each score is
no longer present. Although some of the variables used in the main analyses had non-normal
distributions, the impact was considered to be low, as the residuals of all the linear models
had normal distributions, except the model with PSI-4-SF and NCGS, as previously
discussed.

Both a parametric and a non-parametric correlation method were used, as they have

different strengths and limitations. The advantage of using a nonparametric Spearman’s rank
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correlation is that it has fewer assumptions and is less affected when they are not met. The
disadvantage, however, is that all variables need to be ranked, leading to loss of information.
Nonparametric tests are also usually less powerful than the corresponding parametric tests
when the variables are normally distributed. As most of the variables used were estimated to
be normally distributed this could lead to underestimated relationships.

Regression diagnostics could not be pooled across the imputed datasets. Checking all
plots on 20 datasets was considered overwhelming and could be a source of researcher bias,
especially due to our limited experience with regression diagnostics. Two common solutions
are checking the plots on the original, unimputed dataset or drawing a random imputation.
Those solutions were deemed unreliable, and instead statistical tests were used on all
imputations, while plots were checked on seven randomly selected imputations. Relying on
statistical tests for regression diagnostics is often discouraged due to their inherent
limitations. In some cases, this could be amended by the choice of statistical test, e.g. the
more robust White test replaced the Breusch-Pagan test that can only detect linear forms
heteroskedasticity (Williams, 2020). The imputations themselves might also be a strength,
functioning similarly to a small bootstrapping of the statistical test.

According to Afifi et al. (2019), structural equation modeling and canonical
correlations are the recommended methods for modeling the relationship between several
continuous dependent and independent variables. Canonical correlations do not take the
direction of the effects into consideration (Kenkel, 2006), and could not test the hypothesis.
Structural equation modeling was attempted (see code in Appendix G) using the R package
lavaan (v0.6-7; Rosseel, 2012). However, it did not work when latent variables were added to
the models, possibly due to the low sample size. Structural equation modeling will be used in
the future article.

Due to the lack of available alternatives, linear models were used. Using several
outcome variables with the linear model function in the package mice led to the outcome
variables being averaged, which created a composite. A composite of psychological
functioning was not created, as it is defined quite broadly in this thesis, and combining the
measures was deemed too reductive. Thus, the five linear models using the facets of
psychological functioning were used. The use of five different models, in addition to both
non-parametric and parametric correlations, might influence the validity of the findings, as
using several tests on the same variables increases the risk of type I error.

Bootstrapping is the most common method used to significance test the indirect

effects of mediation analysis (Kenny, 2018). To our knowledge, there is currently no
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statistically sound method to pool bootstrapping estimates with multiple imputations. The
Monte Carlo method is considered statistically sound and a good alternative when there is no
easy way to bootstrap (Kenny, 2018), and it was used instead.

4.3 Strengths and limitations

4.3.1 Strengths

Studies indicate that children with DS have a high prevalence of NCGS (Gomes et al.,
2016). By studying a group with a high proportion of NCGS the number of participants
needed to draw conclusions was reduced. This minimized, for example, the possibility of
false positive blood tests and the number of children who have to take a biopsy.

The present study is one of the first to examine whether there is a connection between
NCGS and psychological functioning in children with DS. By using a multi-disciplinary
approach combining psychology and medicine, the study can contribute to the understanding
of both NCGS in general and how it affects those with DS in particular. By using recent
findings regarding promising biomarkers of NCGS (Ierardi et al., 2018; Uhde et al., 2016),
this study also contributes to further understanding its biomarkers and helping to develop new
diagnostic criteria. As these biomarkers are experimental, the addition of a parent report form
of gastrointestinal symptoms makes the operationalization of NCGS more robust.

The study uses a broad measure of cognitive functioning through seven subtest from
two different batteries. As many of the children with DS struggle with delayed verbal
abilities, the non-verbal cognitive tests used were essential to obtain valid estimates. Luciana
and Nelson (2002) study that found no significant differences between native and nonnative
English speakers also support the finding that CANTAB is a useful tool in assessing cognitive
function in a population with differing language abilities.

The use of multiple imputation to address missing data is a strength, as it is
considered one of the best to do this (Allison, 2003) and should considerably reduce the
missing data bias in the data. All the syntaxes and scripts for the analyses were created with
dummy data prior to data collection, thus reducing the risk of researcher bias.

4.3.2 Limitations

Due to COVID-19, the data collection is not yet finished. The current sample size is
21, while the power analysis estimated 70. The effects of the low sample size can be seen in
the generally large confidence intervals of the effect sizes and thereby also in the lack of
significant findings. This thesis is further limited by the lack of a more specific
operationalization of NCGS. The data available to this thesis cannot be used to conclude

whether the participants have NCGS, and the adaptation of the GSRS to a parent report along
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with the lack of biomarker measures makes them less accurate in their prediction of NCGS.
Currently, there is no way to know if any of the participants in the study has NCGS at all.
This makes interpreting the findings difficult, and the generalizability is limited.

The generalizability of the findings may also be further limited by participant bias.
One cause for such an effect could be that the parents of children with lower psychological
functioning might be less inclined to enroll their children in studies, as lower psychological
functioning may relate to characteristics that would make it more difficult for the child in a
test situation or to take blood samples. Studies have found this effect for behavioral
challenges, with Stokes et al. (2011) finding that both the children participating and their
parents were more socially and cognitively competent on average than those who did not (i.e.
the participants had better psychological functioning).

It is assumed that the participant selection from southeastern Norway is representative
of the Norwegian population. However, it is uncertain how results would differ in other
cultures, where diet and learning environments differ from those of Norway. One should also
be careful about generalizing our findings to other age groups.

Even though some support was found for the primary hypothesis, one must be careful
with drawing causal conclusions, as the analyses in this thesis are based on correlations. For
example, both antibody levels and children's functioning may be related to an underlying
biological factor that cannot be affected by a gluten-free diet. Assuming there is causality,
much is still unknown. There is, for example, still limited knowledge on the potential
mechanisms of how NCGS affects curiosity.

Due to the complexity associated with DS, it is quite certain that gluten cannot
improve functioning in children with DS to the extent that they function like other children.
Thus, even if the findings of this thesis were to be replicated and strengthened, the expected
effect of a gluten-free diet on psychological functioning might still be relatively small
compared to the wide-ranging effects of DS.

4.4 Implications for research and practice

The results of this thesis are too limited by the missing data and the small sample size
to be more than an indication of a possible relationship. The high p-values, large confidence
intervals, and contradictory findings demonstrate that a larger sample size and more
biological data are needed for the future article to draw any conclusions concerning the
relationship between NCGS and psychological functioning. Assuming the results from the
future article support our primary hypothesis and the findings of Nygaard et al. (2001),

further research is still needed.
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First, to make conclusions concerning this study’s ability to measure NCGS, more
research is needed on the experimental measures used. This study is insufficient to establish
the validity of the planned biomarker composite as an indication of NCGS. Another planned
article will focus on the biological data from this study and investigate the relationship
between each individual biomarker and NCGS. Such research could also help establish the
use of these biomarkers as a screening procedure for the disorder, and further the
understanding of the potential gut-brain axis.

Second, as the current study is exploratory and does not provide conclusive results,
other studies are needed to be able to draw causal conclusions. To investigate causality an
experimental longitudinal study with a dietary intervention is necessary. The current literature
and the present findings also indicate that such a design is needed to further investigate the
secondary hypothesis, whether the relationship between NCGS and cognitive functioning is
partially mediated by curiosity.

Third, as the two studies investigating the relationship between gluten and
development were both done on children with DS, further studies are needed on the general
population. The relative benefit of a gluten-free diet intervention may differ in the general
population. There may also be different or additional mechanisms at play in DS that affect the
relationship between NCGS and psychological functioning.

These findings may be an important step towards validating the experiences of many
parents who feel gluten influences the everyday functioning of their children despite the lack
of a CD diagnosis. We hope this study can motivate more interdisciplinary research, as more
knowledge is needed on the relationship between NCGS and psychological functioning.

4.5 Conclusion

This thesis found partial support for negative relationships between NCGS and facets
of psychological functioning. Cognitive-motor functioning was found to be negatively related
to anti-gliadin IgA and IgG antibodies, which might imply an effect of NCGS. This is in line
with previous research on both NCGS and CD. The findings on the relationship between
NCGS and curiosity, HRQoL, parenting stress, and behavioral and emotional problems are
currently difficult to interpret, as the results are too incoherent. These incoherencies may be
caused by statistical noise due to low statistical power or may reflect an actual lack of effect.

We did not find any support for a mediation effect of curiosity on the relationship
between measures of NCGS and cognitive functioning. The literature on the effect of

curiosity on cognitive functioning suggests that a longitudinal design is required to study this
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relationship. However, it is also possible that methodological concerns may cause the current
lack of findings, or they may accurately reflect the lacking relationship.

The validity of all findings in this thesis is severely limited by the small sample size
and the missing data. Although the relationship between the biomarkers and cognitive-motor
functioning that was found is promising, completing this study with its intended sample size

and all seven biomarkers will be important to confirm or refute the current findings.
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Sgknad om hjelp til rekruttering av forsgkspersoner til forskning vedrgrende
sammenhengen mellom glutensensitivitet og psykologisk funksjon hos barn med
Down syndrom.

Vi har for tiden et forskningsprosjekt hvor vi ser pa sammenhengen mellom biologiske mal
pa glutensensitivitet og psykologisk fungering samt livskvalitet hos barn med Downs
syndrom uten cgliaki. | den anledning trenger vi hjelp til a rekruttere forsgkspersoner.

Vivil i studien benytte blodprgver og nevrokognitive testresultater av barna, i tillegg til
spgrreskjema overfor foreldrene.

Vi trenger 70 barn med Down syndrom i alderen fra og med 5 ar, til og med 11 ar, hvor
barnene ikke kan veere diagnostisert med cgliaki.

Bakgrunn og hensikt med studien:

Hensikten med studien er & fa mer kunnskap om glutensensitivitet hos barn med Down
syndrom, og om det er en sammenheng mellom slik sensitivitet og barnas fungering. Med
glutensensitivitet mener vi symptomer som kan ligne cgliaki, men uten at barnet oppfyller
kriteriene for cgliaki. Cgliaki er en glutenutlgst sykdom, hvor tynntarmens slimhinne blir
betent, tarmtottene redusert, og evnen til 3 absorbere naeringsstoffer fra kosten reduseres.
Barn med Down syndrom har oftere cgliaki eller glutensensitivitet enn personer uten Down
syndrom. Det er per i dag ukjent om cgliaki eller glutensensitivitet har noen konsekvenser
for barnas psykologiske fungering. Med psykologisk fungering menes her for eksempel
evneniva, psykisk helse, atferd, og ulike former for ferdigheter. Noen svaert fa studier
internasjonalt indikerer at det kan vaere en sammenheng mellom cgliaki eller
glutensensitivitet og psykologisk fungering. Det trengs imidlertid vesentlig mer forskning for
a stadfeste om, og eventuelt hvordan type, sammenheng det er, og om det bgr ha noen
konsekvenser for anbefalte tiltak for barn med Down syndrom.

Det er vedlagt en utvidet beskrivelse av prosjektet

Prosjektleder for prosjektet:
Egil Nygaard, fgrsteamanuensis i psykologi ved Universitetet i Oslo.
Epost: egilny@psykologi.uio.no, tIf. 412 91 922.

Ansvarlige for den praktiske giennomfgringen er:
Stud. Psych. Mikkel Glimsdal, Psykologisk institutt, Universitet i Oslo.
Epost: mikkelgl@uio.no, tIf. 996 90 699

Stud. Psych. Daniel Bryne, Psykologisk institutt, Universitet i Oslo.
Epost: daniebry@uio.no, tif. 413 76 268

Vi ville sette stor pris pa om dere kunne hjelpe oss i forbindelse med a rekruttere barn med
Down syndrom i den aktuelle aldersgruppen. Hvis dere gnsker ytterligere informasjon
vennligst kontakt enten Egil, Mikkel eller Daniel.


mailto:egilny@psykologi.uio.no
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mailto:daniebry@uio.no

Spknad om bruk av testplass for forskningsprosjektet glutensensitivitet og utvikling
hos barn med Down syndrom

I henhold til dagens samtale med (NAVN) sender jeg herved spknad om hjelp til 3 skaffe et rom til
testing av barn med Downs syndrom. | forbindelse med et samarbeidsprosjekt mellom Oslo
universitetssykehus og Psykologisk Institutt ved UIO har vi behov for et sted i (STED) der vi kan teste
barnene i omradet som blir med pa studien. Hver testing kan ta opptil 1 og en halv time.

Det er noe usikkert nar testingen skal foretas. Det avhenger delvis av nar det passer foreldrene, nar
det passer dere og nar jeg har mulighet 8 komme til (STED). Vi har planer om a gjennomfgre all
testing i perioden blir fra 1 september 2019 til 30 juni 2020.

Det er fa krav til testrommet unntatt at det ikke bgr vaere for mye forstyrrelser. Vi trenger stol og
bord som passer til barn mellom fem og elleve ar, stoler til foreldre og testleder, og ideelt sett en
stikkontakt til & kunne lade nettbrett.

Hvis vi kan snakke pa telefon vedrgrende hva dere har mulighet til og hva jeg trenger ville det vaert
fint.



Glutensensitivitet og utvikling hos barn med Down syndrom

UiO ¢ Universitetet i Oslo ‘ \ Oslo
universitetssykehus

FORESP@RSEL OM DELTAKELSE | FORSKNINGSPROSJEKTET

GLUTENSENSITIVITET OG UTVIKLING HOS
BARN MED DOWN SYNDROM

FORELDER TIL DELTAGER

Dette er et spgrsmal til deg og ditt barn om a delta i en forskningsprosjekt for @ undersgke om det er noen
sammenheng mellom tegn pa glutensensitivitet og psykologisk fungering hos barn med Down syndrom. Vi
inviterer alle barn med Down syndrom som har fylt 5 ar, men som ikke har fylt 12 ar, som bor pa @stlandet til
a bli med i studien. Studien foretas av Universitetet i Oslo (UiO) i samarbeid Oslo Universitetssykehus,
Rikshospitalet.

BAKGRUNNEN OG HENSIKTEN MED STUDIEN

Hensikten med studien er a fa mer kunnskap om glutensensitivitet hos barn med Down syndrom, og om det er
en sammenheng mellom slik sensitivitet og barnas fungering. Med glutensensitivitet mener vi symptomer som
kan ligne cgliaki, men uten at barnet oppfyller kriteriene for cgliaki. Cgliaki er en glutenutlgst sykdom, hvor
tynntarmens slimhinne blir betent, tarmtottene redusert, og evnen til 3 absorbere naeringsstoffer fra kosten
reduseres. Barn med Down syndrom har oftere cgliaki eller glutensensitivitet enn personer uten Down
syndrom. Det er per i dag ukjent om cgliaki eller glutensensitivitet har noen konsekvenser for barnas
psykologiske fungering. Med psykologisk fungering menes her for eksempel evneniva, psykisk helse, atferd, og
ulike former for ferdigheter. Noen svaert fa studier internasjonalt indikerer at det kan veere en sammenheng
mellom cgliaki eller glutensensitivitet og psykologisk fungering. Det trengs imidlertid vesentlig mer forskning
for a stadfeste om, og eventuelt hvordan type, sammenheng det er, og om det bgr ha noen konsekvenser for
anbefalte tiltak for barn med Down syndrom.

HVA INNEBZRER PROSJEKTET?

Studien innebzerer at barnet blir undersgkt i ca. en time med psykologiske tester. Dere foreldre vil ogsa bli bedt
om 3 fylle ut spgrreskjemaer i ca. like lang tid. Dere vil i tillegg fa med dere henvisning til blodprgvetaking. Den
psykologiske undersgkelsen blir foretatt av ansatt ved Psykologisk Institutt ved UiO, enten pa Universitetet i
Oslo, pa et sted i naerheten av dere bor, eller hjemme hos dere. Blodprgven tas der barnet vanligvis blir tatt
blodprgver av.

| prosjektet vil viinnhente og registrere opplysninger om barnet og deg. Dette er informasjon fra tre kilder:
psykologiske tester, informasjon dere oppgir pa spgrreskjema, og analysesvar pa blodprgvene. De psykologiske
testene vil gi informasjon om barnets kognitive ferdigheter. Spgrreskjemaet vil inneholde spgrsmal om barnets
funksjonsniva; barnets psykiske helse og atferd; barnets ferdigheter innen kommunikasjon, dagliglivet, sosialt
og motorikk; matinntak, tegn pa mageplager, avfgringsvaner og vanlige bieffekter av glutenintoleranse hos
barnet; i tillegg til informasjon om hvordan det er a vaere foreldre til barnet og sosio-demografisk informasjon.
Blodprgvene vil undersgke biologiske markgrer pa glutensensitivitet.

Ikke alle barn vet at det har Down syndrom. Det er fint hvis dere sier ifra til oss hvis dere ikke gnsker at vi skal
fortelle barna at det har Down syndrom, f.eks. via informasjonsskriv til barna. Vi tilpasser informasjonen vi gir
barna til deres gnsker.

Side 1/ 5 (Post - infoskriv og samtykkeskjema foreldre)
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MULIGE FORDELER OG ULEMPER

Studien vil ikke ha noen direkte konsekvens for den behandlingen barnet mottar. Hvis undersgkelsene indikerer
forhold som bgr fglges opp eller undersgkes videre vil vi vaere behjelpelig med henvisninger til ngdvendige
undersgkelser. En pediatrisk gastro-enterolog ved Rikshospitalet vil vurdere alle analysesvar fra blodprgvene.
Undersgkelsene vil kunne gi indikasjoner pa for eksempel cgliaki. Ved indikasjoner pa cgliaki fra blodprgvene
og/eller symptomer vil barnet bli henvist av gastro-enterologen til videre oppfglging. Den psykologiske
undersgkelsen av barnet (kognitiv testing av barnet og informasjon fra dere foreldre) er ikke en klinisk
undersgkelse av barnets hjelpebehov. Hvis det allikevel kommer fram informasjon som kan vaere nyttig for
dere a vite om, vil vi gi dere denne informasjonen. Ved forespgrsel fra dere foreldre, kan dere fa skriftlig og
muntlig tilbakemelding pa undersgkelsene, inkludert om barnets generelle kognitive ferdigheter (1Q).

Studien benytter standardiserte undersgkelser som er vanlig for denne aldersgruppen. Det forventes ikke noen
ulemper eller ubehag for barnet fra den psykologiske undersgkelser, utover tidsbruken. Spgrreskjemaet til dere
foreldre inneholder spgrsmal om barnet som kan vekke negative fglelser hos noen foreldre.

Noen barn far vondt av blodprgver. Dere far derfor med dere henvisning slik at blodprgvene kan tas der barnet
er vant til dette. Dere far med dere Emla plaster som lokalbedgvelse. Blodprgvene kan tas samtidig som
eventuelle andre blodprgver barnet skal ta.

FRIVILLIG DELTAKELSE OG MULIGHET FOR A TREKKE SITT SAMTYKKE

Det er frivillig & delta i prosjektet. Dersom du gnsker a delta, undertegner du samtykkeerklaeringen pa siste
side. Du kan nar som helst og uten a oppgi noen grunn trekke ditt samtykke. Dette vil ikke fa konsekvenser for
barnets videre behandling. Dersom du trekker deg fra prosjektet, kan du kreve a fa slettet innsamlede prgver
og opplysninger, med mindre opplysningene allerede er inngatt i analyser eller brukt i vitenskapelige
publikasjoner. Dersom du senere gnsker a trekke deg eller har spgrsmal til prosjektet, kan du kontakte
prosjektleder Egil Nygaard, tlf 41291922, epost egilny@psykologi.uio.no.

HVA SKJER MED INFORMASJONEN OM DEG OG BARNET?

Informasjonen som registreres om deg og barnet skal kun brukes slik som beskrevet i hensikten med studien.
Du har rett til innsyn i hvilke opplysninger som er registrert om deg og barnet ditt og rett til & fa korrigert
eventuelle feil i de opplysningene som er registrert. Du har ogsa rett til a fa innsyn i sikkerhetstiltakene ved
behandling av opplysningene.

Alle opplysningene vil bli behandlet uten navn og fgdselsnummer eller andre direkte gjenkjennende
opplysninger. En kode knytter deg til dine og barnas opplysninger gjennom en navneliste. Det er kun
prosjektleder Egil Nygaard og autorisert personell knyttet til prosjektet som har adgang til navnelisten og som
kan finne tilbake til deg eller barnet.

Prosjektleder har ansvar for den daglige driften av forskningsprosjektet og at opplysninger om deg blir
behandlet pa en sikker mate. Informasjon om deg og barnet vil bli anonymisert eller slettet 10 ar etter at
prosjektet er ferdig, det vil si i 2031. En oppbevaring i 10 ar gir blant annet mulighet for senere
oppfelgingsstudie, se eget punkt under. Det vil ikke vaere mulig a identifisere enkeltdeltagere i resultatene av
studien nar disse publiseres. Prosjektmedarbeiderne har taushetsplikt.
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DELING AV DATA OG OVERF@RING TIL UTLANDET

Ved a delta i prosjektet, samtykker du ogsa til at blodprgvene sendes til vare samarbeidspartnere i New York,
USA som ledd i forskningssamarbeid og publisering. Dette kan vaere land med lover som ikke tilfredsstiller
europeisk personvernlovgivning. Prosjektleder vil sikre at dine opplysninger blir ivaretatt pa en trygg mate.
Blodprgvene sendes uten identifiserbar informasjon, for eksempel uten at de far informasjon om barnets navn
eller bopel. Koden som knytter deg til dine personidentifiserende opplysninger vil ikke bli utlevert.

HVA SKJER MED BLODPR@VER SOM BLIR TATT AV BARNA?

Blodprgvene som tas av barnet skal oppbevares i en generell forskningsbiobank. Biobanken er lokalisert pa
Oslo Universitetssykehus, Rikshospitalet, heter «Tarmsykdommer», og administreres av en av
samarbeidspartnerne i prosjektet, Knut Lundin. Det er mulig at blodprgvene vil bli brukt i senere studier i
samme biobank. De som p3 davaerende tidspunkt er myndige eller foreldre for umyndige vil i sa fall forespgrres
pa nytt om prosjektdeltagelse.

Det er mulig at blodprgvene vil bli analysert hos en av prosjektets internasjonale samarbeidspartnere ved
Columbia University Medical Center i New York. Samarbeidspartnerne vil ikke fa informasjon om hvem
blodprgven er fra, for eksempel navn pa barnet.

FORSIKRING

Prosjektet organiseres ihht Lov om medisinsk og helsefaglig forskning. Universitetet i Oslo er selvassurandgr
ved eventuell erstatningssaker.

OPPF@LGINGSPROSIJEKT

Denne studier er begrenset til undersgkelsene nevnt over. Det er imidlertid mulig at vi vil foreta senere
oppfelgingsstudie, og du vil bli spurt om du godkjenner at vi kontakter dere senere ved oppstart av et eventuelt
oppfelgingsstudie.

PKONOMI

Det er ingen kommersielle interesser knyttet til prosjektet. Studien er finansiert av Psykologisk Institutt ved
Universitet i Oslo.

GODKJENNING

Regional komité for medisinsk og helsefaglig forskningsetikk har vurdert prosjektet, og har gitt
forhdndsgodkjenning (saksnr. 2018/1122).

Etter ny personopplysningslov har behandlingsansvarlig og prosjektleder Egil Nygaard et selvstendig ansvar for
a sikre at behandlingen av dine opplysninger har et lovlig grunnlag. Dette prosjektet har rettslig grunnlag i EUs
personvernforordning artikkel 6a og artikkel 9 nr. 2 og ditt samtykke.

Du har rett til 3 klage pa behandlingen av dine opplysninger til Datatilsynet.

KONTAKTOPPLYSNINGER OG INFORMASJON OM UTFALLET AV STUDIEN

Om du vil ha mer informasjon om prosjektet kan du besgke var nettside pa https://www.sv.uio.no/psi/

forskning/prosjekter/kognisjon-og-psykisk-helse-hos-barn-med-downs-syndrom/index.html.
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Dersom du har spgrsmal til prosjektet kan du ta kontakt med prosjektleder Egil Nygaard,
egilny@psykologi.uio.no, tIf. 412 91 922, eller forskningsassistentene; Mikkel Glimsdal, mikkelgl@uio.no, tif.
996 90 699; Daniel Bryne, daniebry@uio.no, tlf. 413 76 268.

For pamelding ta kontakt med en av forskningsassistentene.

Personvernombud ved institusjonen er Maren Magnus Voll, personvernombud@uio.no.

Etter hvert som resultatene av studien publiseres, kan kopi av rapporter og artikler fas ved henvendelse til
prosjektleder, Egil Nygaard. Publiserte resultater vil ogsa legges ut fortlgpende pa prosjektleder sin nettside
http://www.sv.uio.no/psi/personer/vit/egilny/

TA GJERNE KONTAKT HVIS DET ER NOE DERE LURER PA!

Med vennlig hilsen

Egil Nygaard Knut Lundin Christine Olbjgrn Kari-Anne Naess Carina Hinrichs
uio UiO/Rikshospitalet UiO/Rikshospitalet uio Rikshospitalet
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SAMTYKKE TIL DELTAKELSE | PROSJEKTET

JEG SAMTYKKER TIL A DELTA | PROSJEKTET OG TIL AT MINE OG MITT BARNS
PERSONOPPLYSNINGER OG BARNETS BIOLOGISKE MATERIALE BRUKES SLIK DET ER BESKREVET
(DELTAKER ER DEN FORELDER SOM VIL FYLLE UT SP@GRRESKJEMAER)

Deltakers e-postadresse Deltakers telefonnummer

Deltakers navn med trykte bokstaver

Sted og dato Deltakers signatur

SAMTYKKE PA VEGNE AV BARNET

Ved prosjekter som inkluderer barn og ungdom under 16 ar, skal i utgangspunktet begge foresatte undertegne.

Som foresatte til (Fullt navn) samtykker vi til at hun/han kan delta i prosjektet.

Sted og dato Foresattes signatur

Foresattes navn med trykte bokstaver

Sted og dato Foresattes signatur

Foresattes navn med trykte bokstaver
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C1 Test instructions 9-HPT
C2 Test instructions CANTAB
C3 Routing form SB5
C4 Assessments procedure

CS Infection control protocol



Instruksjoner 9-hole peg test

Prosedyre:

1. Test dominant hdnd farst

2. Posisjoner brettet horisontalt med den runde boksen pd samme side som hdnden som

testes

3. Les fglgende instruksjoner mens du demonstrerer:
«La meg vise deg hva du skal gjere. Plukk opp pluggene en om gangen, og putt dem i hullene
til alle de ni hullene er fylt. Bruk bare hdnden som bare skal testes, bruk den andre fil & statte
brettet. Pluggene kan legges i hullene i hvilken som helst rekkefglge. Fiern deretter pluggene,
en om gangen. Det er viktig at du praver & gjere det s& fort som muligy

4. N&r demonstrasjonen er ferdig, si:
«Ferst kan du ta en praverunde med hver hand. Start med [dominant hdnd], mens du statter
brettet med den andre hdnden. Er du klare Startly

5. Ndar deltageren er ferdig med farste praverunde, snu boksen og si
«Godt jobbal N& ta en pragverunde til med den andre h&nden. Er du klar2 Klar, ferdig, g&»

6. Na&rbegge pregverundene er ferdig, si
«N& kommer den faktiske testen, farst med [dominant h&nd]. Ferst skal jeg gjenta reglene en
siste gang. Plukk opp pluggene en om gangen, og legg dem i hullene fil alle de ni hullene er
fylt. Bruk bare hdnden som bare skal testes. Fiern deretter pluggene, en om gangen. Pluggene
kan legges i hullene i hvilken som helst rekkefalge. Det er viktig at du prever & gjere det s& fort
som mulig. Er du klar? Klar, ferdig, gé»

7. Snu boksen, og gjenta testen p& samme mate for den ikke dominante h&nden.



Motor screening task (MOT)
For oppgaven “Her er padden som vi vil bruke. Jeg kommer fil & vise deg
starter si: hvordan den skal brukes. Er du klar?g”

@velsesrunde 1: demonstator

Farst si... «Poenget er & rare midten av kryssene.»
[Trykk deretter pd& kryssene som vises pd skjermen.]
Demonstrer «Hvis du trykker riktig vil det komme en melodi og krysset vil

et ngyaktig trykk og forsvinne.n
en ungyaktig trykk  [demonstrer korrekt frykking]
«Hvis du ikke trykker riktig vil krysset bli voerende pd& skjermen og

Si... du vil ikke hgre melodien.»n

[demonstrer feil frykking]
Mens det «Du burde bruke tuppen av pekefingeren pd den hdnden du
fredje X(krysset) skriver med for at deft skal fungere slik det skal. Hvis du trykker
fortsatt er p& riktig pd krysset vil det forsvinne. Etter at du har trykket p& krysset
skijermen si... tar du h&nden bort og venter pd neste kryss.»

@velsesrunde 2: Deltagers tur

Fer du starter si... «N& er det din tur til & preve. Husk & ta pd krysset med tuppen

av pekefingeren din.y

Trykk pd& - for & starte
Om ngdvendig kan Trykk litt hardere
du si: e Bruk fuppen av pekefingeren
e Se nd efter neste kryss
o Du trenger ikke & trykke s& hardt

Testrunder
P& starten av hver  “Na kan du gjgre det samme igjen, men litt lengre denne
testfase si... gangen. Klar, ferdig, g&.”

Trykk pd& - for & starte



Knapp pé skjermen
Si...

Demonstrer ogsi...

Si...

Si...

Si...

Om ngdvendig kan
du si

Testfasen starter nér
sirklene flyr ut. Stop
deltageren, og si...

Na&r knappen blir
lysere, si...
Om ngdvendig, si...

Reaction time index

“Ser du den grd knappen? “
[Vent til den grd knappen blir lys, deretter trykk pd den]

@velsesrunde 1: Demonstrator
“...0Og der kom det fem sirkler. [Tell sirkler] La meg vise deg hva
du skal gjere.”
“Farst sé holder jeg ned den grd knappen”
[Demonstrator holder ned knappen med pekefinger til sirkelen
blinker gulf]
“Nér en av de fem sirklene blinker s& slipper jeg knappen og
trykker pd den sirkelen sé fort jeg kan”
[Ta pd sirkelen med samme pekefinger]
“S& gdrjeg tilbake fil & holde ned knappen”
[Hold ned knappen]
«Se hvordan jeg bare slipper knappen ndren av sirklene har
blinket gult.»
[Trykker pd sirkel som blinker]

@velsesrunde 2: Deltagers tur
“N& kan du prave. Hvilken hdnd tegner du med? Bruk
pekefingeren pd den hdnden til & gjgre denne oppgaven”
[Peker pd egen pekefinger]
“Na& start & gve ved & holde ned knappen. S& ser du ser de
gule sirkelen blinke, trykk p& den sé fort du kan *
“Godt jobbet, fortsett”
“Trykk ned knappen”
“Prav & ikke slipp knappen far etter at du har sett den blinke”
“Bruk samme hand til & presse knappen og sirkelen”
“Pass pd& at du ikke tar pd skjermen andre steder enni
sirkelen”

Testrunder

«Godt jobba, nd er du ferdig med & gve deg. N& skal du gjere
det samme igjen, men denne gangen litt lengre. Prav & gjere
det s& fort og n@yaktig som mulig.»

«N& kan du starte.»
«Slipp og trykk knappen igjen»n



Firkant p& skjermen
Si...

Se de to firkantene
bytte farge,
har tonen, sa si

For testen starter si

Etter fonen si

Hvis korrekt si
Hvis feil, forklar
igjen

Forklar for testen
starter

Etter fonensi...

PA& starten av hver
test si

Spatial span (SSP)

“Se pd skjermen”

[Pek p& skjermen]

«Der er det noen hvite firkanter. Firkantene vil bytte farge, en etfter

en. Du mé& huske rekkefalgen firkantene bytter farge i. Jeg skal n&

vise deg hvordan det fungerer. To firkanter vil bytte farge. La oss se

pa& firkantene og huske rekkefalgen de bytter farge i.”
@velsesrunde 1: Demonstrator

Trykk pd E for & starte

“Den lyden betyr at rekken er ferdig. Poenget er & ta pd firkantene
i samme rekkefglge som de byttet farge. S& denne var ferst.”
[Demonstratoren trykker p& firkanten]
“Og det var den andre”
[Demonstratoren trykker pd firkanten]

@velsesrunde 2: Deltagers tur
“Né& er det din tur. To firkanter vil bytte farge, en etter en. Etter
tonen, frykk pd firkantene som byttet farge i samme rekkefalgen
som de byttet farge. La oss se”

Trykk pd E for & starte
“Hvilken firkant byttet farge forste”
[Deltageren trykker pd firkanten]
“Og hvem var den andre firkanten som byttet farge?2”
[Deltageren trykker pd firkanten]
“Bra gjort”
“To firkanter vil bytte farge, en etter en. Etter lyden, trykk pd&
firkantene som byttet farge, i samme rekkefelgen som de byttet
farge. La oss se”

@velsesrunde 3: Deltager
“Som fer, to firkanter bytter farge. Prav & husk rekkefglgen de bytter
farge i

Trykk pd E for & starte
“Hvilken firkant byttet farge forste”
[Deltageren trykker pd firkanten]
“Og hvem var den andre firkanten som byttet farge?2”
Testrunder
“Né& skal vi gjgre det samme igjen. Denne gangen vil [tall i nedre
venstre hjgrne] bytte farge.”

Trykk pd E for & starte



Bokser p& skjermen
Si..

Si...

NAr en tom boks
Apnes si:

NA&r en boks med
menster dpnes si:
Etter at det farste
monsteret vises i
midten si:

Nér det andre
manstre dukker
opp i midten si:

Si...

NAr en tom boks
Apnes si:

Nér en boks med
menster dpnes si:
Etter at det farste
monsteret vises i
midten si:

Nér det andre
manstre dukker
opp i midten si:
Om det gjeres feil
forklar igjen:

Paired assosiation learning (PAL)

«Som du kan se s& er det 6 bokser p& skjermeny
[oek p& boksene]
«Boksene vil dpne seg en efter en. Boksene &pnes i ulik
rekkefglge hver runde. Noen bokser vil vaere tomme, mens
andre vil ha manstre inni seg. Du md& huske hvor manstrene er.
Om du gjer en feil vil boksene Gpne seg igjen og du kan prave
en gang til. N& vil mgnstrene vises en etter en i midten av
skjermen.»

@velsesrunde 1: demonstrator
«Na se pd boksene Gpne seg mens jeg viser deg.n
|

Trykk pd B o & starte
«Det er ingenting i deny

«Der var det et mgnster, prav & husk hvilken boks det er i.»

«Der er det farste manstret. Jeg vil nd trykke p& den boksen jeg
s& det manstret dukke opp i.»
[ta p& boksen]
Og der er det andre mgnstret. Jeg vil n& trykke pd den boksen
jeg s& det manstret dukke opp i.
[ta p& boksen]

@velsesrunde 2: Deltagers tur
«N& er det din tur. Igjen vil det vcere seks bokser pd skjermen, to
av dem vil ha mgnstre inni seg. Prav & husk hvor du
ser mgnstrene.y

5 Bl for & starte
«Det er ingenting i deny

«Der var det et mgnster, prav & husk hvilken boks det er i.»

«Der er det farste manstret. Trykk pd den boksen du s& det
mgnstret dukke opp i.»

[ta p& boksen]

«Og der er det andre manstret. Trykk p& den boksen du s& det
mgnstret dukke opp i.»

[ta p& boksen]

«Siden du ikke trykket pd riktige bokser kommer du nd til & se
begge manstrene igjen og ha f& en ny sjanse til & vise hvilke
bokser de dukker opp i. «



ID:

Alder:

Dato




Routing-Nonverbal(NV) Domain

Sett sirkel rundt svar Poeng for & starte her: 17

1. b C d 18. a b c D e
2. b c D 19. a B ¢ d e
3. a B c d e 20. a b C d e
4. a b C d e 21. a b C d e
A et
Poeng for & starte her: 4 23. a b ¢ d E
5. a B ¢ d e 2. A b ¢ d e
6. a b c d E 25. a b ¢ d E
7..a b ¢ d E 266 A b ¢ d e
8. a b c d E 27. a b ¢ D e
9. a B c d e 28. a b ¢ D e
10. A b c d e 29. a b ¢ d E
1. a b ¢ D e 30. a B ¢ d e
1222 b ¢ d E 3. a b ¢ d E
13.a b C d e 32.a b C d e
33. a B ¢ d e
Poeng for 4 starte her: 13 34. a b C d e
14. a b c D e 3. A b ¢ d e
15. a b c d E 36. a b ¢ D e
16. a B d e
A b C C e
17. A b c d e
a b c d E
Start 4 Opnadde _ Total

poeng poeng poeng




Routing-Verbal(V) Domain

Riktig svar Poeng for & starte her: 14

1. munn 15. kopp

2. fingre

3. nese

16. eple

Startpunkt Alder 3

Poeng for a starte her: 3

4. munn 17. kjole

5. har

18. hund

Startpunkt Alder 4

Poeng for & starte her: 5

ball

o

katt 19. hatt

N

and

@

e

fugl

20. pappegoye

Startpunkt Alder 5 til 9

Poeng for & starte her: 9
10. drikke

Startpunkt Alder 18+

11. Kli
tbpe Poeng for 4 starte her: 26
12. lope, jogge, spurte 21. seledam
13. knyte
14. skrive

22. fabrikk




23. tillate

24.1ane

25. eyevipp

26. nysgjerrighet

27. ferdighet

28. skjelving

29. plausibel

30. tirade

31. hvile

32. inkrustasjon

33. paria

34. akromatisk

35. overfladisk

36. penultimate

37. interstices

38. halcyon

39. friable

40. homunculus




41. antinomy 0 1
42. casulstry 0 1
43. pococurante 0 1
44. nictitate 0 1
Start Opnadde
poeng + poeng
_ Total
~ poeng
Vokabular totalpoeng Rute til bok 3
0-17 Level 2 (side 12)
18-27 Level 3 (side 13)
28-47 Level 4 (side 14)
48-74 Level 5 (side 15)

=3

om. Dom.

9-hole pegboard
V.

Tid:

Hayre - Test
Venstre - Test
Hayre

Venstre




Forberedelser

Gi Deltaker-ID og Kontakt-ID, fylt inn i kodengkkel

Avtalt tid og booket testrom

Sgrger for at fglgende er tilgjengelig og desinfiser hvor ngdvendig:

e Routingark

Klistremerketabell

e Samtykkeskjema

e Instruksjoner

e Rekvisisjonsark + konvolutt

e Premier

e iPader, fult loadet

e Stanford Binet 5-bok + manipulasjonsobjekter

e Gullapp med deltager-ID

Desinfiser flater, stoler og derhdndtak

Testsituasjon

Rekvisisjonsskjemaer + konvolutt gitt til foresatt

Nytt samtykkeskjema signert

Desinfiser utstyr, flater og derhdndtak




Smittevernsprotokoll
Glutensensitivitet og utvikling hos barn med down syndrom

Psykologisk Institutt, Universitetet i Oslo, véren 2020.

Alle lab-aktiviteter mé falge den ndvcerende Veileder for smittevern ved
Universitetet i Oslo:
https://www.uio.no/om/hms/korona/retningslinjer/veileder-smittevern.ntml

Ansatte: Alle ansatte skal ha giennomfart UiOs e-lceringskurt i smittevern.

Preventive tiltak

e Personale eller deltagere med feber eller symptomer pd akutt luftveisinfeksjon
burde ikke vcere fil stede pd laben. Personale eller deltagere som utvikler
relevante symptomer ndr de er til stede testrommet ber forlate lokalet
umiddelbart.

e Personale og deltagere begr vcere fri for relevante symptomer i minst syv
dager fer en er pd testrommet.

e Personale skal vaske hendene mellom kontakt med hver deltager.

e Deltagere skal gis mulighet til & vaske eller desinfisere hendene far og etter
testingen.

e Dgrhdndtak og andre kontaktflater skal rengjaeres flere ganger daglig.

e Labutstyr skal rengjeres mellom hver deltager.

e Mat og drikke skal ikke tilbys deltagere.

For testdag
Na&r timen planlegges:
e Informer deltageren om preventive ftiltak.
e Spor forelder om de eller barnet:
o Har luftveissymptomer (sér hals, tungpustethet, hoste eller feber)?2
o Har magesmerter, kvalme, oppkast eller diaré?
o Veceertiutlandet siste 10 dager?
o Har du veert i kontakt med noen som har testet positivt for covid-192
e Hvis ja pd noen av sparsmdlene over, utsett avtalen.

Pdminnelse om avtale, preventive tiltak, risikofaktorer p& e-post 1-3 dager fer
testdag. Instruer deltager om & mgte pd utsiden av Harald Schjeldrups Hus,
Forskningsveien 3A og be dem sende SMS ndr de ankommer.

Testdag
Far testingen:
e Testledere m& mate i god tid far mate med deltager.
e Testleder skal unngd bruk av ringer, klokke og lignende pd& hender og
h&ndledd som kan medfgre ddrligere hdndhygiene.
e Testlederen tarker av alle overflater med desinfeksjonsmiddel:
o Stoler og bord.
o Dgrhédndtak
o Alt utstyr som brukes i forbindelse med testingen:
»  Manipulasjonsobjekter Stanford binet-5
» Pader


https://www.uio.no/om/hms/korona/retningslinjer/veileder-smittevern.html

»  9-hole peg-test
e Pass pd at det er tilgjengelig munnbind, terkepapir og desinfeksjonsmiddel p&
testrommet.

Oppmagte:
e Mgt deltageren utenfor Harald Schjelderups Hus.
e PAminn deltageren om preventive filtak.
Oppretthold Tm avstand s&fremt det er mulig, og unngd & hdndhilse
Instruer deltagerne om & ta pd sé f& objekter som mulig
Apne dgrene for deltagerne (bruk derépner om mulig).
e Hvis deltagerne hvor de kan vaske hendene.

Under testingen
e Progv & begrens tiden ncerme deltageren.
e Dersom en deltager eller testleder utvikler symptomer p& akutt
luftveisinfeksjon under testingen skal personen f& pd seg munnbind og
testingen avsluttes.

Etter mate giennomfares samme desinfiseringsprosedyre:
e Fglg deltageren ut og dpne alle degrer for dem.
o Testlederen terker av alle overflater med desinfeksjonsmiddel:
o Stoler og bord.
o Derhé&ndtak.
o Alt utstyr som brukes i forbindelse med testingen.
*  Manipulasjonsobjekter Stanford binet-5
» [Pader
»  9-hole peg-test
o Annet utstyr som testleder, deltager eller foresatte har berart.
o Dersom testleder I&ser seg inn i det arkivskapet, skal skapder og 1s
terkes av i etterkant.

Daniel Bryne
Epost: daniebry@uio.no Telefonnr: 413 76 268

Mikkel Glimsdall
Epost: mikkegl@uio.no Telefonnr: 996 90 699
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) UiO ¢ Universitetet i Oslo ‘ . Oslo
> universitetssykehus

Glutensensitivitet og utvikling hos barn med Down syndrom

Sperreskjemaer
Kjeere forelder

Her finner du en rekke sporreskjemaer, som vi haper at du vil svare pal Denne
sperreundersgkelsen er satt sammen av flere ulike velbrukte sparreundersgkelser og noen
skjemaer som er spesielt utviklet for dette prosjektet. Dette gjor at svarsalternativene
vil endre seg gjennom sperreskjemaet, derfor er det viktig at svarsalternativene leses
neye.

Det varierer hvor lang tid ulike personer bruker pa a fylle ut skjemaene. Vi tror du ber
sette av cirka en time. Vi anbefaler at du er alene ndr du svarer, skjemaene inneholder
spersmdl som kan vaere sensitive. Det er viktig at du svarer pd sd@ mange spersmdl som
mulig. Dersom det skulle veere spersmdl du synes det er vanskelig a svare pa kan du
eventuelt hoppe over disse.

Har du spersmadl til skjemaene kan du ta direkte kontakt med fersteamanuensis og
prosjektleder Egil Nygaard: egil.nygaard@psykologi.uio.no, 41291922.

Tusen takk for at du tar deg tid!
Med vennlig hilsen

Egil Nygaard, pd vegne av prosjektmedarbeiderne
Forsteamanuensis

Spesialist i klinisk psykologi

Psykologisk Institutt

Universitetet i Oslo



Hva er barnets deltagernummer? *
Spar en forskningsassistent for deltagernummer dersom du mangler det



Sosiodemografi:
Barnets fedselsdato: ................

Dagens dato: ...
Barnets kjonn:
O Gutt
O Jente
Barnets vekt (kg): ..........
Barnets hgyde (cm): ..............
Hvor er barnet fodt:
L] Norge
0 Annet (hvis annet spesifiser her) ...
Din relasjon til barnet:
O Mor
Ol Far
O Annet (hvis annet spesifiser her) .........coooovviiiiiiiii e,
Omsorgsituasjonen til barnet:
[ Biologiske foreldre som bor sammen
[ Biologiske foreldre som ikke bor sammen, begge har omsorg for barnet
0 Kun en av biologiske foreldre har omsorg for barnet
1 Biologiske forelder med omsorgen for barnet bor sammen med annen voksen
O Biologiske forelder med alene omsorgen for barnet bor ikke sammen med annen voksen
[0 Annet (hvis annet spesifiser her) ...
Mors hegyeste fullferte utdannelse:
O Grunnskole
O Videregaende skole

O Fagskole



O Universitets- eller hagskole, lavere grad (inntil 4 ar)

O Universitets- eller hagskole, hayere grad (mer enn 4 ar)
O Vet ikke

Fars hoyeste fullferte utdannelse:

O Grunnskole

O Videregaende skole

[ Fagskole

O Universitets- eller hagskole, lavere grad (inntil 4 ar)

O Universitets- eller hggskole, hayere grad (mer enn 4 ar)

O Vet ikke



Barnets atferd (ASEBA, BPM-P)

Nedenfor er en liste med utsagn som beskriver barn og ungdom. For hvert utsagn som

beskriver barnet/ungdommen nd eller de siste 6 Manedene, vennligst velg 2 hvis

beskrivelsen stemmer veldig bra, 1 hvis beskrivelsen stemmer delvis og O hvis

beskrivelsen ikke stemmer.

Vennligst svar sa godt du kan pa alle sparsmdlene selv om noen ikke passer for barnet.

0 = Stemmer ikke (sd vidt du vet) 1 = Stemmer delvis 2 = Stemmer veldig bra

012

012

012

012

012

012

012

012

012

012

012

012

012

012

012

Kommentarer
1. Oppferer seg som yngre enn sin alder  ------------oooooooooom oo
2.Kranglermye e

3. Fullfgrer ikke oppgaver han/hun begynner pa

7. Ulydig hjemme e
8. Ulydig i barnehagen/pd skolen ~ —mmemmm e
9. Foler seg mindreverdig eller underlegen -----------=--—-mooemmeee
10. Er impulsiv eller handler uten @ tenke ~ —---=-=m=-mmmmmmm e
11. For redd eller engstelig -
12. Har for sterk skyldfglelse ~~ -—---eeeemmmm oo
13. Blir lett flau eller forlegen ~  —eemmmem e
14. Uoppmerksom, blir lett distrahert ~  ------mmmm e

15. Sta, mutt eller irritabel e



012 16. Far raseriutbrudd eller heftig sinhe ~ ==-------—-commmmm o
012 17. Truer andre e
012 18. Ulykkelig, trist eller deprimert =~ = —--mmmmmmm e

012 19.Bekymrerseg e



Foreldres stress (PSI, 4th edition, short form)

Vennligst les hvert utsagn under naye. For hvert utsagn, vennligst fokuser pa barnet med

Down syndrom og sett sirkel rund svaralternativet som best representerer din mening.

Mens du kanskje ikke finner et svar som svarer perfekt til dine felelser, vennligst velg

Svaralternativer:
SE = Sveert enig

E = Enig
IS = Tkke sikker
U = Uenig

SU = Sveert uenig

svaret som kommer neermest til @ beskrive hvordan du feler deg. Din ferste reaksjon til

hvert spersmal ber veere ditt svar. Svar et alternativ pa hvert utsagn og svar pd alle

utsagnene.

1. | Jeg foler ofte at jeg ikke takler ting scerlig bra SE IS SuU

2. | Jeg finner at jeg gir mer av livet mitt til @ tilfredsstille SE IS suU
behovene til mine barn enn jeg noen gang hadde forventet.

3. | Jeg feler meg fanget av mitt ansvar som forelder. SE IS SU

4. | Siden jeg fikk dette barnet har jeg ikke veert i stand til SE IS suU
gjere nye og annerledes ting.

5. | Siden jeg fikk et barn feler jeg at jeg nesten aldri far gjere | SE IS SU
ting som jeg liker.

6. | Jeg er misforngyd med de siste kleerne som jeg kjepte til meg | SE IS 1Y)
selv.

7. | Det er noksd mange ting med livet mitt som bekymrer meg. SE IS 1Y)

8. | A fd barn har fort til flere problemer med min SE IS SU
ektefelle/omsorgsgivende partner enn jeg hadde forventet.

9. | Jeg feler meg ensom og uten venner SE IS SU

10. | Ndr jeg gadr pa fest/selskap forventer jeg vanligvis ikke @ SE IS suU

hygge meg




11. | Jeg er ikke sd interessert i andre mennesker som for. SE |E | IS suU
12. | Jeg nyter ikke ting like mye som for. SE |E| IS SU
13. | Det er ikke ofte at barnet mitt gjor ting for meg som far meg | SE | E | IS SU
til a fole meg bra.
14. | Ndr jeg gjeor noe for barnet mitt, foler jeg at det setter lite | SE | E | IS SU
pris pa min innsatts.
15. | Barnet mitt smiler mye mindre til meg enn jeg hadde SE |E | IS SV
forventet.
16. | Noen ganger foler jeg at barnet mitt ikke liker meg og ikke SE |E| IS SU
har lyst til @ veere ner meg.
17. | Barnet mitt er veldig emosjonelt og blir lett opprert. SE |E| IS SU
18. | Barnet mitt ser ikke ut til @ lere like raskt som barn flest. SE |E|IS suU
19. | Barnet mitt ser ikke ut til @ smile like mye som barn flest. SE |E|IS suU
20. | Barnet mitt er ikke i stand til @ gjore sa mye som jeg SE |E| IS SuU
forventet.
21. | Det tar lang tid og er veldig vanskelig for barnet mitt @ bli SE |E| IS SuU
vant til nye ting.
22. | Jeg foler at jeg er: (velg et av alternativene under) 1 (23 5
1. En meget god forelder
2. Bedre enn en gjennomsnittsforelder
3. Engjennomsnittlig forelder
4. En som har noen problemer med @ veere forelder
5. Ikke seerlig god til @ veere forelder
23. | Jeg hadde forventet a ha sterkere, varmere folelser for SE |E| IS SuU
barnet mitt enn jeg har, og dette bekymrer meg.
24. | Iblant gjer barnet mitt ting som plager meg bare for d veere | SE | E | IS SU

slem,




25. | Det virker som barnet mitt grater og skaper seg oftere enn SE IS suU
andre barn flest.
26. | Barnet mitt vakner vanligvis opp i darlig humer. SE IS suU
27. | Jeg foler at barnet mitt er veldig humersykt og blir lett SE IS SU
opprert.
28. | Sammenlignet med barn flest har barnet mitt store problemer | SE IS sU
med a bli vant til forandringer i tidsplaner eller i huset.
29. | Barnet mitt reagerer sterkt nar det skjer noe som han/hun SE IS SU
ikke liker.
30. | Nar barnet mitt leker er det sjeldent at han/hun fniser eller | SE IS SU
ler.
31. | Det ble mye vanskeligere enn jeg forventet a etablere en SE IS SU
rutine for leggetid eller maltider for barnet mitt.
32. | Jeg har erfart at a fa barnet mitt til @ gjore noe eller @ holde | 1 3 5
opp a gjeore noe er: (Velg et av alternativene under)
1. mye vanskeligere enn jeg hadde forventet
2. noe vanskeligere enn jeg hadde forventet
3. omtrent like vanskelig som jeg hadde forventet
4. noe lettere enn jeg hadde forventet
5. mye lettere enn jeg hadde forventet
33. | Tenk noye over og tell hvor mange ting som barnet ditt gjer 1 3 5

som plager deg. For eksempel somler bort tiden, nekter a hore
etter, er hyperaktiv, grdter, avbryter andre, slass, jamrer,
osv. (Velg et av alternativene under)

1. 1-3
2. 4-5
3. 6-7
4. 8-9

5. 10+




10

34. | Det er noen ting barnet mitt gjor som virkelig plager meg mye. | SE | E | IS suU

35. | Atferden til barnet mitt er ett storre problem enn jeg hadde | SE | E | IS SV
forventet.

36. | Barnet mitt krever mer av meg enn barn flest. SE |E | IS sU

Adapted and reproduced by special permission of the Publisher, Psychological Assessment

Resources, Inc. (PAR), 16204 North Florida Avenue, Lutz, Florida 33549, from the Parenting

Stress Index Fourth Edition Short Form by Richard R. Abidin, EdD, Copyright 1990, 1995, 2012 by
PAR. Further reproduction is prohibited without permission of PAR.



Barnets helse (KIDSCREEN 10)

Nar du tenker pa den siste uka....

10.

[ Nar du tenker pa den siste uka......

Har barnet ditt felt seg frisk og sprek?

Har barnet ditt folt seg full av energi?

Har barnet ditt felt seg trist?

Har barnet ditt felt seg ensom?

Har barnet ditt hatt nok tid for seg
selv?

Har barnet ditt kunne gjere de tingene
han/hun ensker i fritiden sin?

Har barnet ditt felt at foreldrene
behandler ham/henne rettferdig?

Har barnet ditt hatt det gey sammen
med vennene sine?

Har barnet ditt klart seg bra pa
skolen?

Har barnet ditt klart & felge med pa
skolen?

kke | det
hele tatt

O

Aldri

O

Aldri

O

Aldri

O

Aldri

O

Aldri

O

Aldri

O

Aldri
O

lkke i det
hele tatt

O

Aldri

O

[ Til vanlig, hvordan vil barnet ditt

karakterisere helsen sin?

|

O utmerket
O veldig bra

Obra

O ganske bra
O darlig

Litt

O

Sjelden

O

Sjelden

O

Sjelden

O

Sjelden

O

Sjelden

O

Sjelden

@

Sjelden

@)

Litt

O

Sjelden

O

Ganske
O

Ganske
ofte

O

Ganske
ofte

O

Ganske
ofte

O

Ganske
ofte

O

Ganske
ofte

O

Ganske
ofte

O

Ganske
ofte

O

Ganske
O

Ganske
ofte

O

Veldig

O

Veldig ofte

O

Veldig ofte

O

Veldig ofte

O

Veldig ofte

O

Veldig ofte

O

Veldig ofte

O

Veldig ofte

O

Veldig

O

Veldig ofte

O
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| hay grad

O

Alltid

O

Alltid

O

Alltid

O

Alltid

O

Alltid

O

Alltid

@

Alltid

O

| hey grad

O

Alltid

O



Barnets nysgjerrighet (Piotrowski et al., 2014)

Vennligst ansla hvor ofte barnet du observerer ser ut til a vise karakteristikkene eller

atferden beskrevet i hver av utsagnene nedenfor. Baser dine vurderinger av hvert utsagn

pd din eerlige vurdering av barnets intellektuelle utforskning og nysgjerrighet

sammenlignet med andre barn pa den alderen.

Svaralternativer:
1 = Nesten aldri
2 = Noen ganger
3 = Ofte

4 = Nesten alltid
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det eller se pa det fra alle sider.

Nesten | Noen Ofte | Nesten
aldri ganger alltid

1. | Barnet mitt har det moro ndr det Ieerer om 1 2 3 4
nye temaer.
Barnet mitt tiltrekkes av nye ting i miljoet. 1 2 3 4
Barnet mitt liker @ snakke om temaer som er 1 2 3 4
nye for han/henne.

4. | Barnet mitt viser tydelig glede nar han/hun 1 2 3 4
oppdager noe nytt.

5. | Barnet mitt stiller mange spersmal ndr han/hun 1 2 3 4
holder pa @ leere noe nytt.

6. | Ndr barnet mitt moter for et vanskelig 1 2 3 4
problem, fokuserer han/hun all
oppmerksomheten sin pa hvordan lgse det.

7. | Barnet mitt anstrenger seg betydelig for a 1 2 3 4
forstd det som er forvirrende eller uklart.

8. | Barnet mitt er plaget nar det er noe han/hun 1 2 3 4
ikke forstdr, og anstrenger seg hardt for @
forstd det.

9. | Barnet mitt vil jobbe lenge for d lose et 1 2 3 4
problem fordi han/hun ensker a vite svaret.

10. | Barnet mitt undersgker ting neye ved @ snu pa 1 2 3 4
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Barnets kosthold

Spersmal 1: Ble barnet fullammet fra fedsel?

[ Ja
[ Nei

Spersmal 2: Dersom barnet fikk morsmelk lenger, hvor gammelt var barnet da det
sluttet @ fa morsmelk?

L] Méneder

Spersmal 3: Hvor gammelt var barnet da fast fede (annen mat enn morsmelk/
kosttilskudd) ble gitt for ferste gang?

L] Méneder

Spersmal 4: Hvor gammelt var barnet da glutenholdig gret (hvete-, spelt-, rug eller
byggret) ble gitt for ferste gang?

L] Méneder

Spersmal 5: Hvilke matvarer gir dere IKKE til barnet?

H Glutenholdig korn/mel (hvete, spelt, rug, bygg)
[ Vanlig kumelk /yoghurt/ost

[] Appelsin/appelsinjuice/annen sitrusfrukt

[] Fisk/skalldyr

[ Netter/ netteprodukter (peangttsmer o.l.)

] Belgfrukter (erter, benner o.l.)

Egg

Soya

Salt

Matvarer med tilsetningsstoffer

O O O O O

Mat som ikke er gkologisk dyrket
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[l Deter ingen matvarer vi IKKE gir til barnet

|:| Annet

Hvis annet, spesifiser

Spersmal 6: Barna som er med i denne studien er fra 5-11 ar. Hva de spiser og
drikker vil avhenge av alder. Har barnet problemer i forhold til mat/spising som ikke
er naturlige i forhold til barnets alder?

[] Nei, har ikke noen problemer

[l Ja, dérlig matlyst/sméspist

[] Ja, liker £f& matvarer

[] Ja, vanskelig med tilvenning il familiens kosthold

N a, allergi/intoleranse mot matvarer

Oppgi hvilke:

[ Ja, andre problemer med spising

Oppgi hvilke (f.eks svelgeproblemer, brekker seg lett)

Spersmal 7: Har barnet veert sondeerncert?

[ Ja
[ Nei

[] Vet ikke

Hvor gammelt var barnet da det fikk sondeerncering (i mander)?

*Dette elementet vises kun dersom alternativet «Ja» er valgt i spersmdlet «7. Har barnet veert sondeerneert?
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Hvor lenge fikk barnet sondeerncering (i dager)?

*Dette elementet vises kun dersom alternativet «Ja» er valgt i spersmdlet «7. Har barhet veert sondeernert?

Spersmal 8: Hvor ofte tar barnet kosttilskudd?

O Hver dag

[ 4-6 ganger pr. uke

[] 1-3 ganger pr. uke

[ Sjeldnere enn 1 gang pr uke

L1 Aldri

Hvilke(n) type(r) benyttes (angi produktnavn og mengde)?

(Eksempel Nycoplus multi flytende, Sanasol, Nycoplus multi vitamin og mineraltbl for barn,
kalsium 250 mg, kalsium 500 mg, NeoFer (jerntilskudd), omega-3 tilskudd, vitamin C,
Magllers tran med sitronsmak, vitamin D)

Spersmal 9: Tar barnet helsekostprodukter (f.eks probiotika, alger el.) na (beskriv
hvilke produkter og dosering)?

] Ja
] Nei

Hvis ja, hvilke(n) type(r) benyttes (angi produktnavn og mengde)?

Spersmal 10: Hvor ofte spiser barnet vanlig, glutenholdig bred?

[] Hver dag
[ 4-6 ganger pr. uke

[]1-3 ganger pr. uke
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[ Sjeldnere enn 1 gang pr uke
[ Aldri

Spersmal 11: Hvor ofte spiser barnet glutenholdig mat til middag (f.eks.pizza, pasta)?

O Hver dag

[ 4-6 ganger pr. uke

[]1-3 ganger pr. uke

H Sjeldnere enn 1 gang pr uke
L1 Aldri

Spersmal 12: Hvor ofte spiser barnet glutenholdige boller, kaker, skolebred eller
lignende?

[l Hver dag

[] 4-6 ganger pr. uke

[] 1-3 ganger pr. uke

[ Sjeldnere enn 1 gang pr uke
L1 Aldri

Spersmal 13: Hvor ofte drikker barnet melk? (gjelder alle typer melk)

[l Hver dag

[] 4-6 ganger pr. uke

[]1-3 ganger pr. uke

[ Sjeldnere enn 1 gang pr uke

[ Aldri
Oppgi eventuelt her hvis det er kun spesielle typer melk, f.eks. laktosefri melk:

Spersmal 14: Hvor ofte spiser barnet melkesjokolade?
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] Hver dag

[ 4-6 ganger pr. uke

[]1-3 ganger pr. uke

O Sjeldnere enn 1 gang pr uke
L] Aldri

Spersmal 15: Hvor ofte kjoper du mat fra seksjonen for glutenfrie produkter nar du
handler?

[ Hver gang jeg handler

[ Halvparten av gangene jeg handler

[ Hver tredje eller fjerde gang jeg handler
[] En sjelden gang iblant

L1 Aldri

Spersmal 16: Har barnet fulgt vekstkurven sin gjennom oppveksten?

[ Ja
[ Nei

Hvis ikke, spesifiser under:
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THE GASTROINTESTINAL SYMPTOM RATING SCALE
(GSRS)

Les dette farst:

Undersgkelsen inneholder spgrsmal om hvordan barnet ditt har det, og hvordan
barnet ditt har hatt det DEN SISTE UKEN. Kryss av for det alternativ som
best passer for barnet ditt og hans/hennes situasjon.

1. Har du lagt merke til at barnet ditt i Ilgpet av den siste uken veert plaget av SMERTER ELLER
UBEHAGFRA DEN @VRE DEL AV MAGEN?

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager

Alvorlige plager

OOoooodd

Meget alvorlige plager

2. Har du lagt merke til at barnet ditt i lgpet av den siste uken veert plaget av HALSBRANN?
(Med halsbrann menes en sviende eller brennende fglelse av ubehag bak brystbeinet.)

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager

Alvorlige plager

Ooooodd

Meget alvorlige plager
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3. Har du lagt merke til at barnet ditt i Igpet av den siste uken veert plaget av SURE
OPPSTQT? (Med sure oppstat menes plutselige oppstgt av surt mageinnhold.)

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager

Alvorlige plager

Oooooodd

Meget alvorlige plager

4. Har du lagt merke til at barnet ditt i Igpet av den siste uken veert plaget av SUG | MAGEN?
(Med sug i magen menes her en falelse i magen av behov for a spise mellom maltidene.)

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager

Alvorlige plager

Oooooodd

Meget alvorlige plager

5. Har du lagt merke til at barnet ditt i lgpet av den siste uken fglt deg UVEL? (Med a fale seg
uvel menes ubehagsfalelse som kan ga over i kvalme og brekninger/oppkast.)

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager

Alvorlige plager

Ooooodd

Meget alvorlige plager
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6. Har du lagt merke til at barnet ditt i Igpet av den siste uken veert plaget av RUMLING |
MAGEN? (Med rumling menes vibrasjoner eller "buldring" i magen.)

Oooooodd

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager
Alvorlige plager

Meget alvorlige plager

7. Har du lagt merke til at barnet ditt i lgpet av den siste uken veert plaget av OPPBLASTHET?
(Med oppblasthet menes utspiling, ofte forbundet med en falelse av luft i magen.)

Oooooodd

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager
Alvorlige plager

Meget alvorlige plager

8. Har du lagt merke til at barnet ditt i lgpet av den siste uken veert plaget av RAPING? (Med
raping menes behov for "utlufting”, ofte forbundet med lindring av fglelse av oppblasthet.)

Ooooodd

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager
Alvorlige plager

Meget alvorlige plager



9. Har du lagt merke til at barnet ditt i Igpet av den siste uken veert plaget av LUFTAVGANG?
(Med luftavgang menes her behov for a "slippe seg", ofte forbundet med lindring av fglelse av
oppblasthet.)

OO0oodon

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager
Alvorlige plager

Meget alvorlige plager

10. Har du lagt merke til at barnet ditt i lgpet av den siste uken veert plaget av
FORSTOPPELSE? (Med forstoppelse menes minsket avfgringshyppighet.)

OO0oodon

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager
Alvorlige plager

Meget alvorlige plager

11. Har du lagt merke til at barnet ditt i lgpet av den siste uken veert plaget av DIARE? (Med
diaré menes gkt avfaringshyppighet.)

OOooooon

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager
Alvorlige plager

Meget alvorlige plager
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12. Har du lagt merke til at barnet ditt i Igpet av den siste uken veert plaget av L@S
AVFZRING? (Hvis barnet ditt har hatt vekslende hard og lgs avfaring, gjelder dette spgrsmalet
bare i hvilken utstrekning barnet ditt har fglt seg plaget av at avfgringen har veert 18s.)

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager

Alvorlige plager

OO0oodon

Meget alvorlige plager

13. Har du lagt merke til at barnet ditt i lgpet av den siste uken veert plaget av HARD
AVF@RING? (Hvis barnet ditt har hatt vekslende hard og lgs avfaring, gjelder dette sparsmalet
bare i hvilken utstrekning barnet ditt har fglt seg plaget av at avfgringen har veert hard.)

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager

Alvorlige plager

Ooooodd

Meget alvorlige plager

14. Har du lagt merke til at barnet ditt i lgpet av den siste uken veert plaget av TVINGENDE
AVFZRINGSBEHOV? (Med tvingende avfgringsbehov menes raskt oppstatte behov for & ga pa
toalettet,ofte forbundet med en falelse av mangelfull kontroll.)

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager

Alvorlige plager

OOoooon

Meget alvorlige plager



15. Har barnet ditt i Igpet av den siste uken i forbindelse med AVFGRING HATT EN
FOLELSE AV UFULLSTENDIG TOMMING AV TARMEN? (Med ufullstendig tesmming av
tarmen menes at det trass i anstrengelser i forbindelse med avfgring gjenstar en falelse av
ufullstendig temming.)

Ingen plager i det hele tatt
Ubetydelige plager

Milde plager

Moderate plager

Ganske alvorlige plager

Alvorlige plager

Oooooodd

Meget alvorlige plager

23



24

Sovn

Spersmal 1: Omtrent hvor mange timer sover barnet vanligvis per natt pa hverdager?

[1 8 timer eller mindre
[ 9 timer
[] 10 timer
[ 11 timer

[1 12 timer eller mer

Spersmal 2: Hvor ofte hender det at barnet vakner om natten?

[ 3 eller flere ganger per natt
] 1-2 ganger per natt

[] Noen ganger per uke

[] sjelden, aldri

Spersmal 3: Hvor ofte snorker barnet?

[l Aldri

[] Mindre enn 1 natt i uken
[ ca1 natt i uken

[ Flere netter i uken

[] Nesten hver natt




Kroppslige sykdommer

Har eller har barnet hatt noen vesentlige kroppslige sykdommer?

Nei

Ja,
o
naveerende

Ja,
tidligere

Beskriv (inklusive
alvorlighetsgrad og
nér)

Herselsproblemer

Synsproblemer

Motoriske problemer

Hlw N =

Nevrologiske
problemer

Hjerteproblemer

Coliaki

Andre allergier

®IN|ov o

Andre somatiske
problemer?

Medisinbruk

Bruker barnet medisiner:

[ Nei
[ Ja

Hvis ja, spesifiser under:
Syredempende:

Allergi/astma medisin:

Epilepsi medisin:

Stoffskifte-medisin:

Andre medisiner
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Appendix E: Blood samples
E1 Requisition general blood tests
E2 Requisition celiac diagnostics

E3 Supplementary note with clarifying information concerning blood tests



Generell informasjon om prgvetaking og analyser, se www.furst.no

Ved forespearsel gis opplysninger om hvilke metoder som er akkreditert

10.2014
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Coliaki )( For lab
Coliaki (2 mL serum) Dlexe
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X 470 Diagnostikk av celiaki Diagnostikk av cgliaki er basert pa analyser med IgA og IgG O Fec
. ) antistoffer. Ved & kombinere analyse av anti-tTG IgA med analyse O 222
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[0 Oppfelging av caliaki-pasienter ogsa ved IgA-mangel. U271
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<
[0 Pasienten har coliaki i neer familie [ e57
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HLA-DQ2/DQ8 (3 mL EDTA-blod) [ o6
m
=}
_ Mer enn 99% av alle cgliakipasienter har vevstype DQ2 og/eller 3
X 823 ELKGFE?'QZ/QDQSi Il indikasion DQ8, en vevstype som finnes hos ca. 30% av befolkningen. En 0
ekvireres pa speste asjo positiv vevstype-test vil falgelig ikke veere diagnostisk. Pa den O
annen side vil en negativ test utelukke cgliaki med sa stor grad av =
I_ sikkerhet at pasienten kan spares for videre utredning.
= <K
Laktoseintoleranse @
Laktasemangel, gentest (3 mL EDTA-blod) =
os}
O 253 Gentest (primaer laktasemangel), se bakside for mer informasjon —l '
.
Magesar
Helicobacter pylori antistoff (0,5 mL serum) E
>
0O 707 Anti-H.pylori IgG Dette er en primzertest, brukes ikke til oppfalging LT INNL
etter behandling. J 1iLs
~ - L HY
Inflammatorisk tarmsykdom (Ulcergs kolitt og Crohns sykdom) W O Fu
[0 484 Calprotectin i feces (minimum halvfullt ror) Vennligst kryss av LI bR
[ testen erledd i utredning L] MAY
[0 testen er ledd i oppfelging av behandling [ srJ
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[0 075 Blod ifeces, se bakside for pasientinformasjon —I
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INFORMASJON OM ANALYSER OG MATERIALE FURUSET, OSLO

Sgren Bulls vei 25

Coliaki

Det analyseres pa antistoffer som er spesifikke for cgliaki. Det er mest aktuelt & analysere pa
IgA-antistoffer. IgG-analyser er nyttige hos pasienter med IgA-mangel.

Antistoff-nivaet gar ned ved glutenfri kost. Glutenfri kost fer de diagnostiske prever tas kan gi falskt
negative resultater. Det ma opplyses om det finnes cgliaki i ner familie, og om pasienten har statt pa
glutenfri kost.

HLA-DQ2/DQ8 for celiakidiagnostikk
Pa spesiell indikasjon anbefaler First coliakiassosiert vevstyping. Analysen er uegnet for screening.
Analyse av HLA-DQ2/DQ8 bgr brukes som supplement til etablert cgliakidiagnostikk. Analysen kan

@/ o
@Qb(oe’
:w
veere nyttig i vanskelige tilfeller eller i bedgmmelse av familierisiko. Negativ test utelukker cgliaki
med sa stor grad av sikkerhet at pasienten i en del tilfeller kan spares for videre utredning.
Laktoseintoleranse o (\@6
Gentest er fgrstevalg ved mistanke om medfedt, primzer laktasemangel (laktoseintoleranse) ,g
0‘5SQ Y\ ) °
&

og krever kun en enkel blodprgve (EDTA-blod). Gentesten utfgres ikke hos barn under 3 ar. Primaer
laktasemangel utvikles vanligvis ikke fgr 3-arsalder, og eventuelle abdominalplager for dette ma da

antas & ha annen arsak. Selv om primzer laktasemangel pavises, er det vanlig at pasienten tolererer Folg skilting til Furuset Senter.

litt melkeprodukter (tilsvarende ca 2 dL melk i dagnet). Av hensyn til erneering og vekst begr barn med T-bane 2 mot Ellingsrud.
primeer laktasemangel trolig likevel fa i seg litt melkeprodukter, selv om de inneholder laktose. Hovedlaboratoriet ligger ved Furuset senter

og T-banestasjon med prgvetakingsenhet i
Laktosebelastning kan vaere aktuelt ved sekundzer laktasemangel, men da vil behandling av underetasjen. Mulighet for parkering.
primeersykdommen sta i fokus. Furst Medisinsk Laboratorium utfagrer ikke lenger laktosebelastning, Lett adkomst for pasienter i rullestol.
men kan utfgre maling av glukose i blodprgver som tas for og etter laktosebelastning. For mer Apent mandag - fredag 7.30 - 15.00,
informasjon, se www.furst.no. onsdager kveldsapent til 20.00.
Magesar
Antistoff mot Helicobacter pylori er en primzertest og kan ikke brukes til oppfelging etter behandling. OSLO SENTRUM
Diagnostisk bruk av testen forutsetter at pasienten ikke har gjennomgatt antibiotikabehandling rettet Dronningensgt. 40, 2. etg./
mot helicobacter. Antistoff kan foreligge i flere ar etter vellykket behandling. w

0

Inflammatorisk tarmsykdom (Ulcergs kolitt og Crohns sykdom)

Ved diagnostikk og oppfelging av inflammatorisk tarmsykdom bestemmes mengden av calprotectin i
feces. Feces overfgres til en prgvebeholder uten tilsetning, minimum halvfullt rer. Praven kan sendes ,
straks eller fryses ned for senere leveranse. Oslo City
Mage- og tarm- bladning

Blod i feces analyseres ved mistanke om bladninger fra mage- /tarmkanal. | 4 dggn fer prgven tas og
i prevetiden ma pasienten unnga redt kjott, blodmat, fisk med markt kjott (laks, tunfisk, makrell og
sardiner), blomkal, pepperrot, ra tomater, reddiker, melon, bananer og soyabgnner. Unnga alkohol i
prevetiden. Innta ikke: acetylsalisylsyre (Dispril, Aspirin, Globoid), jernpreparater og C-vitamintabletter.
Det anbefales minimum 3 feces-praver fra ulike dager. Spesialkonvolutt (Hemo-Fec test slide) fas pa
legekontoret. Les bruksanvisning pa konvolutten.

Oslo S
Jernbane-
torget

Inngang ved NAF-huset. Parkeringsmulighet

Kommentar til resultater i naerliggende parkeringshus, eksempelvis i
First gir kliniske kommentarer til analyseresultat. Gode opplysninger om problemstillingen er Oslo City.
ngdvendig for at det skal kunne gis relevant klinisk kommentar. Apent mandag - fredag 7.30 - 15.00.

MAJORSTUEN, OSLO
Kirkevn. 64B, 3. etg. (inng. Bogstadvn.)

Majorstu-
huset

PRAGVETAKINGSSTASJONER SANDEFJORD

<

>

o

@

Noe ventetid ma paregnes om morgenen og Dronningensgate 3, 3. etg., (Gleditschgarden) mo:g,

ved lunsjtider for pasienter som velger

s Kirkeveien
drop-in.

paufien

| sommerperioden og i haytider kan enkelte
provetakingsstasjoner ha endrede
apningstider eller vaere stengt.

S
@0
05
o

Egner seg for pasienter som vil benytte
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PASIENTINFORMASJON

FORBEREDELSE TIL PRGVETAKING

| dagene far prgvetaking ber man avsta fra hard fysisk aktivitet. Dersom en ikke har fatt beskjed om
faste, kan man pa prevetakingsdagen spise en lett frokost. Store og fettrike maltider bgr unngas i
timene for praven tas.

Det er gunstig @ mete i god tid slik at en kan sitte avslappet i 10 -15 min for proven tas. Prgvetaking
med dagens moderne utstyr er en enkel prosedyre som medfarer lite ubehag. Far prevetaking pa barn
kan man fa kjept bedavelsesplaster reseptfritt pa apotek eller hos Furst. Plasteret ma settes pa

1 time for provetaking.

For enkelte analyser gjelder spesielle forholdsregler for prgvetaking. | hele apningstiden kan man
komme uten a ha bestilt time, men noe ventetid ma da paregnes.

Det ma kunne vises gyldig legitimasjon ved provetaking hos Furst.
Prover som krever timebestilling, tIf: 22 90 96 00: Glukosebelastning (042), Kortisol kl. 19 (302).

Fastende prover: Til falgende prgver ma pasienten mote fastende: C-peptid (157), Glukose (041),
Glukosebelastning (042).

Med faste menes at man ikke skal spise, drikke, rgyke eller bruke snus fra kl. 24.00 (midnatt) for
prevetaking, 1 glass vann kan inntas. Triglyserider (054) krever faste i 12 timer.

Jern (043): Ikke ta jernpreparater 1 degn for prgvetaking. Praven tas helst for kl. 12.00.

Medikamentanalyser: Kryss foran fglgende prgver innebeerer at dagens tablett tas etter prgvetaking:
Digoksin (039), Fenobarbital (097), Fenytoin (098), Karbamazepin (099) og Valproat (101). Det samme
gjelder thyreoidea-preparater (Levaxin, Euthyrox og Liothyronin) og ved eventuell maling av

Fritt T4 (189). Ved prgvetaking til Litium (023) kan naermere informasjon fas av rekvirerende lege eller
hos First. Preparatnavn og dosering noteres i felt for kliniske opplysninger.

Urinanalyser: Ta med ca 20 mL morgenurin.
(Til provetaker: Husk & merke provergret, ikke transporthylsen med en strekkodeetikett fra
rekvisisjonen. Etiketten skal ha sluttkarakter 8).
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ANGAENDE REKVISJSONEN

Denne revisjonen gjelder forskningsprosjektet
«Glutensensitivitet og utvikling hos barn med down
syndromy som er et samarbeid mellom Psykologisk
institutt ved Universitet i Oslo og Oslo Universitetssykehus,
Rikshospitalet.

| forbindelse med studien frenger vi at alle de
deltakende barna tar blodpraver slik at vi kan male
identifiserfe og eksperimentelle biomarkgrer. Noen av
disse analysene skal gjeres ved Furst, andre ved
Gastrolab pé Rikshospitalet. Dette betyr blodpraver ma
sendes to steder:

e FUrst trenger EDTA-blod og serum til & kunne
utfare analysene pd rekvisisjonsarket

e Gastrolab frenger et rar serum til eksperimentelle
analyser, som sendes i vedlagt brun konvolutt.

Dersom dette skulle voere uklart eller det skulle voere
noen sparsmal, er det bare & ta kontakt.

Med vennlig hilsen,
Daniel Bryne Mikkel Glimsdal
daniebry@uio.no mikkelgl@uio.no
41376268 996 90 699
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Kognisjon og psykisk helse hos barn med Down syndrom med
glutensensitivitet

Forskningsprotokoll

Bakgrunn og problemstilling

| denne kryss-seksjonelle studien gnsker vi @ undersgke sammenhengen mellom biologiske mal pa
glutensensitivitet og psykologiske forhold hos barn med Down syndrom uten cgliaki. Vi gnsker 3
undersgke 60 barn i alderen 5 til 11 ar. Vi vil i studien benytte blodprgver og nevrokognitive
testresultater av barna, i tillegg til intervju og sp@rreskjema overfor foreldrene. Malsetningen med
studien er @ undersgke om det er sammenheng mellom glutensensitivitet og psykologisk fungering
hos barna. Vi vil ha spesielt fokus pa kognitiv fungering i tillegg til atferdsmessige tegn pa
engstelighet, tristhet og sinne hos barna.

Coliaki er en glutenutlgst sykdom, som diagnostiseres ved at man paviser typiske morfologiske
forandringer i vevsprgver fra tynntarmslimhinnen. De fleste pasienter med cgliaki har ogsa typisk
serologiske tegn med IgA antistoffer mot enzymet vevstransglutaminase eller IgG antistoffer mot
deamidert gliadin peptid (Ludvigsson et al., 2014). Hos barn kan man i en del tilfeller stille diagnosen
pa basis av slike antistoffer alene (Husby et al., 2012). Den anbefalte behandlingen for cgliaki er
gluten fri diett.

Flere studier har de siste arene fokusert pa de som har cgliaki-lignende symptomer nar de spiser
glutenholdig mat, men som ikke oppfyller kriteriene for cgliakidiagnosen (Brottveit et al., 2013;
Lundin, 2014; Skodje et al., 2018). Slike problemer kalles ofte «glutenallergi», «ikke cgliakisk gluten
sensitivitet» eller lignende. Det er uenighet om hvordan man skal definere glutensensitivitet, og det
er usikkert om det er selve gluten eller andre deler av kornet som gir symptomer (Biesiekierski et al.,
2013; Skodje et al., 2018). Dette kan tyde pa at tilstanden «ikke-cgliakisk glutensensitivitet» egentlig
er en variant av «irritabelt tarm syndrom — irritable bowel syndrome (IBS)». Selv om enkelte nyere
studier har funnet ulike biologiske markgrer som til en viss grad kan skille mellom cgliaki og personer
uten cgliaki med lignende symptomer (Uhde et al., 2016), sa er det uavklart hvilke biologiske
markgrer som utgjer de beste kriteriene for glutensensitivitet. Uten en slik avklaring er det vanskelig
a vurdere hvem som skal fa hvilken type behandling.

De siste arene har et begrenset antall studier undersgkt mulige sammenhenger mellom psykologisk
fungering og cgliaki. En studie har vist forbedrede kognitive skar hos 11 nylig diagnostiserte voksne
pasienter med cgliaki som begynte pa glutenfri diett (Lichtwark et al., 2014; Yelland, 2017). Det er
ogsa funnet darligere kognitiv funksjon hos 18 eldre personer med cgliaki til tross for lengre glutenfri
diett i forhold til eldre personer uten cgliaki (Casella et al., 2012). En spgrreundersgkelse viste at 401
voksne personer med cgliaki og 173 med irritabel tarm syndrom hadde st@rre risiko for perifere
nevrologiske problemer enn en kontrollgruppe (Shen et al., 2012). En nylig publisert
litteraturgjennomgang konkluderer med at det er sa mmenheng mellom cgliaki og subkliniske
nevroanatomiske funn (Pennisi et al., 2017).

Noen fa studier har undersgkt sammenhengen mellom psykologisk fungering og glutensensitivitet
hos personer uten cgliaki. Peters, Biesiekierski, Yelland, Gibson, and Muir (2012) fant i en
dobbelblind studie at 3-dagers gluteninntak ga gkt nedstemthet hos 22 personer uten cgliaki men
med irritert tarm syndrom. En randomisert studie av 45 barn med oppmerksomhets- og



hyperaktivitetsvansker (ADHD) fant en forskjell om barna gikk pa glutenfri diett eller ikke i 6
maneder (Lykogeorgou, Karkelis, Papadaki-Papandreou, & Nikita, 2014). Det er ogsa funnet at ataksi
er relatert til glutensensitivitet (Hadjivassiliou et al., 2003). Det er na gkende fokus pa om
inflammatoriske konsekvenser av glutensensitivitet kan medfgre nedsatte kognitive evner og
darligere livskvalitet (Daulatzai, 2015).

Pa grunn av fa studier, med begrenset antall deltagere og andre metodiske begrensninger er det
uavklart hvilke sammenhenger det er mellom psykologisk funksjon og cgliaki eller glutensensitivitet.
Det er ogsa usikkert om en eventuell sammenheng er begrunnet i en direkte negativ konsekvens av
gluten eller om sammenhengen er mer indirekte. Proteiner fra gluten kan passere blod-
hjernebarrieren, og det er mulig at protein fra gluten pavirker hjernen direkte (Pennisi et al., 2017).
Det er ogsa mulig at en eventuell sammenheng mellom glutensensitivitet og psykologisk funksjon er
begrunnet i at de somatiske symptomene pavirker generelt funksjonsniva hos personen, f.eks. at
senket energiniva, fysisk ubehag og mangelfullt opptak av ngdvendige naeringsstoffer fra tarmen kan
medfgre darligere kognitiv fungering og psykiske plager. Hvis det er en arsakssammenheng mellom
glutensensitivitet eller cgliaki og psykologisk fungering, vil det veaere sannsynlig at en slik
sammenheng starter relativt raskt etter at barnet begynner pa en glutenholdig diett. Dette vil da
kunne pavirke barnet negativt i viktige utviklingsfaser av livet.

Barn med Down syndrom har en kraftig forhgyet risiko for cgliaki (ca 6-7%) (Du, Shan, Cao, Feng, &
Cheng, 2018) i forhold til andre personer (ca 1%) (Leonard, Sapone, Catassi, & Fasano, 2017). For
eksempel fant en stor svensk registerstudie seksdoblet risiko for cgliaki hos personer med Down
syndrom (Marild et al., 2013). Dette har medfgrt at mange barn med Down syndrom blir screenet for
coliaki og, hvis bekreftet, behandlet for dette med glutenfri diett (Regionsenter for
habiliteringstjenesten for barn og unge (RHABU), 2017). De som behandles vil dermed vaere
beskyttet fra eventuelle negative konsekvenser av gluten. Barn med Down syndrom har imidlertid
ogsa en sveert forhgyet risiko for glutensensitivitet. For eksempel fant en studie av 77 barn med
Down syndrom at 64% hadde mageplager, 43% hadde forstoppelse (Gomes et al., 2016), blodprgver
indikerte mulig cgliaki hos 27%, og biopsi bekreftet cgliaki hos 13% av barna.

Vi gjorde en av de tidligste studiene av sammenheng mellom mulige biologiske mal pa
glutensensitivitet og psykologisk fungering, og den fgrste som undersgkte en slik eventuell
sammenheng hos barn med Down syndrom (Nygaard, Reichelt, & Fagan, 2001). Vi studerte 55 barn
med Down syndrom og fant vesentlige negative korrelasjoner (r = -,13 til -,51) mellom mulige
biologiske markgrer pa glutensensitivitet (IgA og IgG aktivitet mot gliadin og gluten) og psykologisk
fungering (kognitiv og motorisk funksjon). Det vil si at jo mer antistoffer barna hadde mot gluten
eller gliadin, jo darligere psykologisk fungering hadde barna. Denne studien bgr repliseres fgr man
eventuelt gar videre med intervensjonsstudier. En grunn er den begrensede stgrrelsen pa studien.
En annen arsak er at antistoffer mot gliadin er et sett av flere, og ikke ngdvendigvis de beste, mulige
biologiske markgrer pa glutensensitivitet (Uhde et al., 2016). | henhold til senere studier er det andre
psykologiske faktorer som kan vaere relatert til glutensensitivitet i tillegg til kognisjon og motorisk
utvikling (se over). Det er na et gkende antall studier som undersgker cgliaki, glutensensitivitet og
matinntak hos personer med Down syndrom, blant annet en nystartet longitudinell studie i England
(fades-study@bristol.ac.uk). Det er imidlertid sa langt vi vet ingen andre som har undersgkt, eller
holder pa & undersgke, sammenhengen mellom glutensensitivitet og psykologisk fungering hos
personer med Down syndrom.

Da barn med Down syndrom er kraftig overrepresentert med plager relatert til glutensensitivitet og
har vesentlig darligere psykisk fungering enn befolkningen ellers, at glutensensitivitet kan ha



negative konsekvenser for psykisk fungering, og det er usikkert hvordan best male glutensensitivitet,
gnsker vi @ undersgke disse forholdene naermere.

Hypotesene i dette prosjektet, som er basert pa rasjonale og tidligere funn beskrevet over, er:

1) Barn med Down syndrom vil ha en forhgyet risiko for glutensensitivitet, i forhold til
normalbefolkningen, bade malt ved biologiske markgrer og kliniske foreldre-rapporterte
symptomer.

2) Det vil veere en negativ sammenheng mellom glutensensitivitet og psykologisk fungering.
Med psykologisk fungering menes her: kognitiv fungering og atferdsmessige tegn pa
engstelighet, tristhet og sinne.

Vi haper at studien vil bidra til mer kunnskap om biologiske markgrer for glutensensitivitet samt
mulige psykiske konsekvenser av glutensensitivitet. Dette er viktig kunnskap, bade for a kunne
identifisere personer med glutensensitivitet og for a underbygge behovet for videre studier av
mulige konsekvenser av slike plager. Slik kunnskap er spesielt viktig for barn med Down syndrom
som har en overhyppighet av bade glutensensitivitet og darligere psykologisk fungering enn
personer uten Down syndrom.

Metoder

Deltagere, rekruttering og styrkeberegning

Vi vil rekruttere foreldre og barn med Down syndrom via brukerorganisasjoner (Norsk Nettverk for
Down Syndrom (NNDS), Ups and Downs, Norsk forbund for utviklingshemmede),
habiliteringstjenester og pedagogisk psykologisk radgivningskontorer (PPT) pa sgr og gst landet
(Helse s@r-gst). Kontakten vil basere seg pa at foreldrene kontakter oss etter a ha fatt informasjon
om studien via disse organisasjonene. Foreldrene kan kontakte oss via telefon, post eller epost.

Etter at kontakt er oppnadd, informerer vi foreldrene via telefon om prosjektet og sender dem
informasjonsskriv og samtykkeskjemaer. Vi vil papeke at deltagelsen er frivillig og at de kan trekke
sitt barn fra studien nar som helst. Vi vil passe pa a ikke legge press pa deltagerne for a fa dem til a
stille opp. Vi gj@r sa avtale per telefon om tid. Samtykkeskjemaene kan leveres enten ved oppmgte
til barnas undersgkelse eller pa forhand.

Inklusjonskriteria vil veere:

e Down syndrom, bade trisomi 21 og translokasjon, men uten kjent mosaikk

e Borigeografisk rekrutteringsomrade (Helse Sgr-@st nedslagsfelt, eller naer Stavanger,
Bergen eller Trondheim)

e Barnet fylt 5 ar, men ikke fylt 11 ar

e Informert samtykke fra foreldre

Eksklusjonskriteria vil vaere:

o Tidligere cgliaki diagnose.
e Andre tilstander som etter ansvarlig klinikers mening gjgr det uheldig a delta i
undersgkelsen.

Den eneste sammenlignbare tidligere studien vi kan basere en styrkeberegning pa (Nygaard et al.,
2001) fant en gjennomsnittlig korrelasjon pa 0,38 mellom 4 biologiske markgrer (IgA og IgG mot
gluten og gliadin) og 2 psykologiske mal (generelle mentale evner og umiddelbar nyhetspreferanse).



Dette indikerer at vi trenger 52 deltagere for a veere tilstrekkelig trygge pa a unnga type | (a = 0,05)
og type Il (B = 0,20) feil.

Det fgdes ca. 70 barn med Down syndrom per ar i Norge (Folkehelseinstituttet, 2015), det vil si at
det er ca. 420 barn med Down syndrom i aldersgruppen 5 til 11 ar i Norge. Ut fra tidligere erfaring
vet vi at det er en hgy andel av foreldre til barn med Down syndrom i Norge som er positive til at
barna deres deltar i forskningsprosjekter (Naess, Nygaard, Ostad, Dolva, & Lyster, 2017; Nygaard et
al., 2001), og vi forventer at 50% gnsker a veere med i studien. Pa grunn av gkonomiske
begrensninger vil rekruttering skje i @st- og Ser-Norge, det vil si i et geografisk omrade med ca.
halvparten av Norges befolkning. Pa grunn av Covid-19 tiltakene vil sannsynligvis faerre potensielle
deltagere veere med og derfor gkes omradet til barn nzer andre store byer i Norge; Stavanger,
Bergen og Trondheim. Det vil si at vi potensielt kan fa med ca. 100 barn i studien. Av gkonomiske
hensyn stopper rekrutteringen ved 70 deltagere. Dette vil da vaere tilstrekkelig til 4 ivareta behovet
for hgyere antall deltagere ved underanalyser og ved eventuell delvis manglende informasjon eller
frafall.

Design og statistikk

Studien har et kryss-seksjonelt design med en gruppe med barn med Down syndrom. Statistiske
metoder vil hovedsakelig vaere non-parametriske partielle korrelasjoner mellom biologiske markgrer
pa glutensensitivitet og psykologisk fungering. Analysene vil kontrollere for sosio-demografisk
informasjon (kjgnn, alder og foreldrenes utdannelse).

Malemetoder

Prosedyre

Avhengig av foreldrenes preferanse, sa vil alle undersgkelser av barnet skje ved Universitetet i Oslo
(UiO) eller i egnede lokaler i det geografiske omradet barnet bor. Vi vil for eksempel ha samarbeid
med lokale Habiliteringstjenester og i noen tilfeller bruke deres lokaler for undersgkelse av barna. All
testing av barna vil skje av en egnet person ansatt ved Psykologisk institutt ved UiO. Denne personen
vil veere en master eller profesjonsstudent i psykologi som vil vaere spesielt opplaert i testing av barn.
Vi vil bruke vel-etablerte og standardiserte nevropsykologiske tester og testprosedyrer som inngar i
vanlige kliniske undersgkelser av sma barn og i dokumenterte eksperimentelle prosedyrer. Testene
vil ikke medfgre ubehag for barna. Total undersgkelsestid vil veere under en time, og det tas pauser
nar barna har behov for det. Foreldrene vil veere tilstede under testing i de fleste tilfeller (der
forelder eller barn gnsker det) pa grunn av barnas unge alder.

Blodprgver av barna skjer ved at foreldrene far med seg henvisning fra testadministrator, familien
far gjort blodprgver lokalt der barnet er vant til & bli medisinsk undersgkt, og blodprgvene sendes til
vart laboratorium pa Oslo Universitetssykehus, Rikshospitalet. Noen barn far vondt nar det tas
blodprgver, og familien far derfor tilbud om Emla plaster som lokalbedgvelse ved
blodprgvetakingen. Vi gnsker at barna skal ta blodprgver der barna er vant til at det skjer. Da barn
med Down syndrom oftere tar blodprgver enn andre barn, vil dette veere et viktig element for 3
minske mulige negative sider ved a skulle ta blodprgven. Det trengs kun 2 prgveglass til de planlagte
blodprgveanalysene, det vil si minimal ekstra mengde utover det som tas ved barnas normale
blodprgvetakinger.

Testadministrator vil ikke vite resultater fra blodprgvene pa testtidspunktet. Dette er hovedsakelig
for a sikre reliable testresultater. Det vil ogsa medfgre at man ikke tar blodprgver av andre barn enn
der man har fatt informasjon om psykologisk fungering. Det har imidlertid den ulempen at



eventuelle barn med tidligere uoppdaget cgliaki vil bli psykologisk undersgkt. Disse barna vil bli
ekskludert fra hovedanalysene i studien.

Test av barna
Folgende test vil foretas for a vurdere barnas psykologiske fungering:

Leiter International Performance Scale — 3rd Edition. Dette er en nonverbal test av kognitive
ferdigheter hos personer fra 3 til 75 ar (Roid, Miller, Pomplun, & Koch, 2013). Det vil bli benyttet 4
deltester (figur-grunn, formkomplettering, klassifikasjon/analogier og sekvensiell orden) som samlet
gir et reliabelt mal pa generelle nonverbale kognitive ferdigheter (1Q). Testene forventes a ta totalt
ca 30-45 minutter.

Spatial span (Cambridge Cognition) vil bli brukt for 3 male barnas visuelle arbeidshukommelse.
Denne visuelle nonverbale testen tar ca 5 minutter.

Flanker Inhibitory Control and Attention oppgave (NIH Toolbox) vil bli benyttet for & male barnas
barnas evner til 3 hanskes med mange impulser. Testen foretas pa et nettbrett og tar ca 3 minutter.

Spgrreskjema til foreldre
Foreldre (den som kommer med barnet til undersgkelsen) vil bli bedt om a fylle ut fglgende
sperreskjema for vurdering av barnas psykologiske fungering:

1. Brief Problem Monitor (BPM) som er en kortversjon (19 spgrsmal) av det mest brukte
sperreskjemaet for vurdering av internaliserende og eksternaliserende atferd hos barn i den
vestlige verden (ASEBA, 2018), det vil si foreldrerapporterte tegn pa engstelighet, tristhet og
sinne hos barn. Den er oversatt til norsk.

2. Parenting Stress Index, 4th Edition vil bli brukt for a kartlegge stress i relasjonen mellom
foreldre og barn (Abidin, 2012). Det vil bli brukt en kortversjon med 36 spgrsmal.

3. DISABKIDS (DCGM-12) eller KIDSCREEN (11 spm) vil bli brukt for a kartlegge barnets
helserelaterte livskvalitet (Froisland et al., 2012). Det vil brukes en kortversjon med 12 (evt.
11) spsrsmal. Begge instrumentene er tidligere oversatt og validert i Norge. DISABKIDS er
sveert lik den mye brukte KIDSCREEN, men er bedre tilpasset mindre barn med
funksjonshemninger. Det tar noe tid & skaffe godkjennelse av bruk av DISABKIDS, og vi har
derfor forelgpig inkludert KIDSCREEN i spgrreskjemaoversikten.

4. Barnets nysgjerrighet vil kartlegges med 10 spgrsmal som er tidligere validert for barn i
tilsvarende alder (Piotrowski, Litman, & Valkenburg, 2014).

5. Spgrreskjema om barnets kosthold er basert pa et tidligere skjema som er brukt i en studie
av barn med kumelksallergi, men skjemaet er tilpasset denne studiens fokus pa
glutenintoleranse. Skjemaet har 15 spgrsmal.

6. Sperreskjema om mageplager, avfgringsvaner og vanlige bieffekter av glutenintoleranse hos
barnet er laget for studien, med 35 spgrsmal.

Foreldrene vil ogsa bli bedt om sosio-demografisk informasjon. De vil ogsa bli spurt om barnet har
alvorlige somatiske problemer eller somatiske funksjonsnedsettelser innen motorikk, hgrsel og syn,
og barnets medisinbruk.

Biologiske markgrer
Det vil bli foretatt blodprgver av barna hvor fglgende mulige markgrer pa glutenintoleranse eller
coliaki vil bli analysert:



Vevstyping: HLA-DQ2.5, HLA-DQS8, HLA-DQ2.2 med tanke pa cgliaki. Gjentas ikke hvis analysen
allerede er gjort.

Antistoffer: Standard analyser vil vaere IgA mot transglutaminase 2 (TG2) og IgG mot deamidert
gliadin peptid. Eksperimentelle analyser (utfgres pa alle) er immunglobulin subklasser, IgA og 1gG
mot gluten og gliadin, 1gG og IgM mot flagellin, intestinal fatty acid binding protein (I-FABP),
lipopolysaccharide-binding protein (LBP), oppl@selig CD14 (sCD14)

«Vanlige blodprgver»: Hemoglobin, MCV, ferritin, hvite med diff, trombocytter, CRP , TSH og fritt T4,
ASAT, ALAT.

Personvern og etikk

Foreldrene vil motta informasjonsskriv via eksisterende kontaktpersoner, og ma selv ta initiativ til a
melde barna pa studien. Informasjonsskrivet vil inneholde informasjon om personvern. Det skal
leveres signert informasjonsskriv fra forelder fgr barnet blir med i studien.

Informasjonen som registreres er svar fra foreldre pa spgrreskjema, barnets kognitive testresultat og
analyseresultater fra blodprgvene (se beskrivelse over). Universitetet i Oslo ved administrerende
direktgr er databehandlingsansvarlig. Alle som far innsyn har taushetsplikt. Bare personer autorisert
av prosjektleder vil fa tilgang til data, og de vil fa det bare for den perioden de har behov for det slik
at det sikres oversikt over hvem som har tilgang. Dataene vil lagres elektronisk pa et omrade spesielt
tilrettelagt for oppbevaring og behandling av sensitive data (TSD) ved Universitetet i Oslo
(https://www.uio.no/tjenester/it/forskning/sensitiv/). Systemet er sertifisert for lagring av sensitiv
helseinformasjon. All prosessering og analyse av dataene vil skje innenfor TSD sitt hgy-sikkerhets
system. Kodeliste og direkte identifiserbar informasjon (navn og kontaktinformasjon) vil oppbevares
separat fra den innsamlede informasjonen. Kun av-identifisert informasjon vil bli benyttet i
forskningen. Alle resultater presenteres pa gruppebasis, slik at ingen deltagere skal kunne
gjenkjennes.

Resultater fra analysene av blodprgvene vil bli lagret i deltagernes pasientjournaler pa Oslo
Universitetssykehus, Rikshospitalet. Analysene foretas pa Rikshospitalet, og blodprgvene
oppbevares i allerede godkjent forskningsbiobank (forskningsbiobanken «Tarmsykdommer», ref.nr.
2012/341) ved Oslo Universitetssykehus Rikshospitalet. Denne forskningsbiobanken er tidligere
godkjent for voksne, og det vil sgkes om utvidelse for ogsa a oppbevare blodprgver fra barn.
Resultater fra blodprgvene overfgres manuelt til TSD av ansatt person i prosjektet, og all
papirinformasjon som benyttes i denne forbindelse makuleres med en gang informasjonen er
elektronisk lagret i TSD.

Vi vil bruke nettskjema for innsamling av informasjonen fra foreldrene, enten mens de er med
barnet til undersgkelse eller hjemmefra. Dataene (svar pa elektronisk spgrreskjema) sendes kryptert
inn i TSD. Lgsningen er godkjent for innsamling av helsedata og annen sveaert sensitiv informasjon
(https://www.uio.no/tjenester/it/applikasjoner/nettskiema/). Noen av testene av barna vil vaere
databaserte. Slik testinformasjon vil kun lagres lokalt pa nettbrett inntil de kan overfgres via sikre
linjer til den sentrale databasen i TSD.

Forskningsgruppen har samarbeid med Armin Alaedini ved Columbia University Medical Center i
New York, og vi vil innhente samtykke fra foreldrene at man foretar analyser av blodprgver i
utlandet. Informasjonsskrivet vil opplyse om dette. Det vil ikke bli sendt annen
personidentifiserende informasjon utover selve blodprgvene til disse samarbeidspartnerne.
Eksisterende forskningsbiobank «Tarmsykdommer» har godkjennelse for slike analyser utenlands.



Barn med Down syndrom har en overhyppighet av glutensensitivitet (Gomes et al., 2016). Ved 3
benytte denne gruppen i studien retter man fokus pa en gruppe personer som dermed vil ha stort
potensial for a fa nytte av studien. Ved a bruke en gruppe med hgy andel av glutensensitivitet vil
man minske andelen av barn som ma undersgkes for a finne tilstrekkelig antall til & kunne
konkludere om de sammenhenger som studeres. Dermed minimeres blant annet mulighetene for
falske positive blodprgver og antall barn som ma ta biopsi.

Tilbakemelding til foreldre

Foreldrene vil, ved forespgrsel, fa skriftlig og muntlig tilbakemelding fra de undersgkelsene de
gnsker tilbakemelding pa. De vil ogsa fa tilbakemelding hvis de blodprgvene indikerer behov for
videre undersgkelser eller tiltak. Christine Olbj@rn vil som pediatrisk gastro-enterolog i prosjektet ta
stilling til alle prgvesvar og henvise barnet videre ved behov for ytterligere utredning. Hvis de
psykologiske undersgkelsene indikerer alvorlige vansker eller avvik som barnet ikke far tilstrekkelig
hjelp med, vil vi bidra med rad om hvordan man kan fa hjelp. Vi vil i slike tilfeller kunne skrive en
rapport som de kan ta med seg videre i hjelpesystemet, f.eks. til barnets fastlege for videre
henvisninger. Vi vil gi informasjon i informasjonsskrivet om rutiner for tilbakemelding og oppfalging.

| en tidligere studie vi foretok av tilsvarende barn (Nygaard et al., 2001), fant vi 2 barn som hadde
uoppdaget cgliaki. Diagnostikk av mulig cgliaki vil fglge vanlige retningslinjer. Ved indikasjon pa
coliaki fra blodprgvene og/eller symptomer/mistanke om cgliaki vil barnet bli henvist av Olbjgrn til
det lokale helsevesen slik at barnet blir utredet med blodprgver og/eller vevsprgver (biopsi) av
tynntarmsslimhinnen for a bekrefte eller avkrefte mulig diagnose (Stgrdal, Olbjgrn, Vikskjold, & K.,
2016). Dersom barnet far diagnostisert cgliaki vil det anbefales gluten fri diett, som per i dag er
standard behandlingsform for denne lidelsen.

Fremdriftsplan

Det planlegges oppstart av prosjektet i oktober 2018. Rekruttering og undersgkelse av barna
planlegges a veere ferdig i desember 2019. Analyser og publisering av resultater skjer fra januar 2019
og frem til planlagt prosjektslutt i oktober 2021.

Dataene, og kodeliste med kontaktinformasjon, gnskes oppbevart fram til 2031 for & muliggjgre
senere oppfalgingsstudier. Det er per i dag ingen kunnskap om mulige langtidseffekter av
glutensensitivitet. Foreldrene vil bli informert om hvor lenge informasjonen oppbevares og bes om a
samtykke i at vi kan ta kontakt ved eventuelle oppfglgingsstudier.

Gjennomfgrbarhet

Prosjektleder har tidligere gjort en lignende studie av barn med Down syndrom i samme
aldersgruppe (Nygaard, 2002; Nygaard et al., 2001; Nygaard, Smith, & Torgersen, 2002). Han har
lang erfaring med kognitive testing av barn, bade i klinisk og forskningsmessig sammenheng. Han har
ogsa erfaring med planlegging, organisering, rekruttering, gjennomfgring, analysering og publisering
i mange ulike studier. Prosjektgruppen inneholder ogsa sveert hgy kunnskap og erfaring med
somatisk studier innen temaene cgliaki og glutensensitivitet (se under). Alle tester, spgrreskjemaer
og blodprgveanalyser er velprgvde og gir god gjennomfgrbarhet. Vi har et rekrutteringsgrunnlag
som er mer enn tilstrekkelig til 3 sikre en statistisk styrke, og selv om man far noe frafall eller lavere
andel som deltar enn ved tidligere studier av tilsvarende barn (Naess et al., 2017; Nygaard et al.,
2001) vil man ha tilstrekkelig med deltagere til & oppfylle vanlige krav til statistisk styrke. Vi mener
derfor at prosjektet har realistisk og hgy gjennomfgrbarhet.



Kompetanse

Prosjektleder, Egil Nygaard, fgrsteamanuensis i psykologi ved Universitetet i Oslo, har gjort lignende
studie fgr, har mye erfaring fra utredning av barns psykologiske fungering, og har lang
forskningsmessig erfaring med tverrfaglige studier. Knut Lundin er professor ved institutt for klinisk
medisin, UiO, og overlege pa Seksjon for Gastromedisin ved Oslo Universitetssykehus, Rikshospitalet.
Han er en av Norges fremste forskere om cgliaki og glutensensitivitet. Barnelege Christine Olbjgrn er
barne-gastroenterolog, har for tiden permisjon fra overlegestilling pa Barne og ungdomsklinikken pa
Akershus universitetssykehus og er klinisk stipendiat ved Det medisinske fakultet i Oslo. Hun er i ferd
med a sluttfgre en PhD pa inflammatorisk tarmsykdom hos barn. Hun vil medvirke til giennomgang
av prgveresultater og vil sgrge for at barn med unormale prgveresultater og/eller symptomer far
ngdvendig medisinsk utreding og evt. behandling. Carina Hinrichs ved Gastromedisinsk avdeling pa
Rikshospitalet vil foreta analysene av blodprgvene. Kari-Anne Naess er professor pa Institutt for
spesialpedagogikk og er sannsynligvis forskeren med mest erfaring fra forskningsprosjekter om barn
med Down syndrom i Norge. Prosjektet vil ansette en prosjektmedarbeider som er pa slutten av
psykologiutdannelsen sin. Medarbeideren vil lzeres opp og veiledes av blant annet prosjektleder.
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Appendix G: Statistical Scripts
G1 Syntax SPSS: Data preparation
G2 Syntax SPSS: Descriptive statistics
G3 Script R: Multiple imputation
G4 Script R: Statistical analysis
G5 Script R: Regression diagnostics



G1 Syntax SPSS: Data preparation
* Encoding: UTF-8.

* Importing SB5 and 9-HPT data as xlsx-files and saving them as sav-files.
GET DATA
/TYPE=XLSX
/FILE='N:\durable\Statistics\Raw data\Testdata 1.xlsx'
/SHEET=name 'Sheetl'
/CELLRANGE=FULL
/READNAMES=0N
/DATATYPEMIN PERCENTAGE=95.0
/HIDDEN IGNORE=YES.
EXECUTE.
SAVE OUTFILE='N:\durable\Statistics\SPSS data\testdatal.sav'.

GET DATA
/TYPE=XLSX
/FILE="'N:\durable\Statistics\Raw data\Testdata 2.xlsx'
/SHEET=name 'Sheetl'
/CELLRANGE=FULL
/READNAME S=0ON
/DATATYPEMIN PERCENTAGE=95.0
/HIDDEN IGNORE=YES.
EXECUTE.
SAVE OUTFILE='N:\durable\Statistics\SPSS data\testdata?2.sav'.

* Importing CANTAB data as xlsx-files and saving them as sav-files, influding
codebook-file to get correct labels.
GET DATA
/TYPE=XLSX
/FILE='N:\durable\Statistics\Raw data\CANTAB.xlsx'
/SHEET=name 'Sheetl'
/CELLRANGE=FULL
/READNAME S=0N
/DATATYPEMIN PERCENTAGE=95.0
/HIDDEN IGNORE=YES.
EXECUTE.
INCLUDE FILE='N:\durable\Statistics\Codebooks\codebook CANTAB.sps'.

RENAME VARIABLES (SubjectID = ID).

ALTER TYPE RowNumber (F2).
DO IF (RowNumber EQ 3).
COMPUTE ID ="G004".

END IF.

EXECUTE.

SORT CASES BY ID (A).
SAVE OUTFILE='N:\durable\Statistics\SPSS datal\cantab.sav'.

* Importing biodata as xlsx-files and saving them as sav-files.
GET DATA
/TYPE=XLSX
/FILE='N:\durable\Statistics\Raw data\Biological data 1.xlsx'
/SHEET=name 'Sheetl'



/CELLRANGE=FULL
/READNAME S=0N
/DATATYPEMIN PERCENTAGE=95.0
/HIDDEN IGNORE=YES.
EXECUTE.
SAVE OUTFILE='N:\durable\Statistics\SPSS data\biodatal.sav'.

GET DATA
/TYPE=XLSX
/FILE='N:\durable\Statistics\Raw data\Biological data 2.xlsx'
/SHEET=name 'Sheetl’
/CELLRANGE=FULL
/READNAME S=0N
/DATATYPEMIN PERCENTAGE=95.0
/HIDDEN IGNORE=YES.
EXECUTE.
SAVE OUTFILE='N:\durable\Statistics\SPSS data\biodata2.sav'.

* Importing nettskjema data as xlsx-files and saving them as sav-file.
Renaming ID-variable for consistency. Including codebook-file to get correct
label.
GET DATA

/TYPE=XLSX

/FILE='N:\durable\Statistics\Raw data\nettskjema.xlsx'

/SHEET=name 'Sheetl'

/CELLRANGE=FULL

/READNAME S=0ON

/DATATYPEMIN PERCENTAGE=95.0

/HIDDEN IGNORE=YES.
EXECUTE.
INCLUDE FILE='N:\durable\Statistics\Codebooks\codebook nettskjema.sps'.

* Fixing wrong id's.

*Renaming nettskjema id variable.
RENAME VARIABLES (@ id = NettskjemalD).
RENAME VARIABLES (id = ID).

ALTER TYPE ID(a4).

ALTER TYPE NettskjemaID (F7).

*Deleting test case.
SELECT IF NOT (NettskjemaID EQ 6250635).
EXECUTE.

*Correcting miswritten subject nr 8664062,873777,88305841,8942928.
DO IF (NettskjemalID EQ 8664062) .

COMPUTE id ="G004".

ELSE IF (NettskjemaID EQ 8737771).

COMPUTE id = 'GO007'.

ELSE IF (NettskjemaID EQ 8830584).
COMPUTE id = 'G014'.

ELSE IF (NettskjemaID EQ 8942928).
COMPUTE id = 'G023'.

END IF.

EXECUTE.

SORT CASES BY ID (A).



SAVE OUTFILE='N:\durable\Statistics\SPSS data\nettskjema.sav'.

* Matching punched testdata to test for punching errors.
DATASET DECLARE TestdataErrors.
DATASET DECLARE TestdataCorrect.

*DATASET CLOSE DataSet2.

GET FILE='N:\durable\Statistics\SPSS datal\testdatal.sav'.
DATASET NAME DataSet2.

DATASET ACTIVATE DataSet2.

SORT CASES BY ID

GET FILE='N:\durable\Statistics\SPSS datal\testdata2.sav'.
DATASET NAME DataSet4.

DATASET ACTIVATE DataSet4 WINDOW=ASIS.

SORT CASES BY ID

COMPARE DATASETS

/COMPDATASET = DataSet2

/VARIABLES matrix sum matrix scaled verbal sum verbal scaled ab sum ABIQ
dominant handrl test right test left

/CASEID 1ID

/SAVE FLAGMISMATCHES=YES VARNAME=CasesCompare MATCHDATASET=YES
MATCHNAME=TestdataCorrect

MISMATCHDATASET=YES MISMATCHNAME=TestdataErrors
/OUTPUT VARPROPERTIES=NONE CASETABLE=YES TABLELIMIT=100.

DATASET CLOSE DataSet2.

SAVE OUTFILE='N:\durable\Statistics\SPSS data\TestdataErrors.sav'
/COMPRESSED.

DATASET CLOSE DataSet4.

DATASET CLOSE TestdataCorrect.

DATASET CLOSE TestdataErrors.

* Matching punched data from blood samples to test for punching errors..
DATASET DECLARE BiodataError.

GET FILE='N:\durable\Statistics\SPSS datal\biodatal.sav'.
DATASET NAME DataSet2.

DATASET ACTIVATE DataSet2.

SORT CASES BY ID

GET FILE='N:\durable\Statistics\SPSS datal\biodata2.sav'.
DATASET NAME DataSetl.

DATASET ACTIVATE DataSetl WINDOW=ASIS.

SORT CASES BY ID

COMPARE DATASETS

/COMPDATASET = DataSet2

/VARIABLES HLA DQ75 HLA DQ25 HLA DQ2 HLA DQ8 IgA TG2 IgG DGP IgA gluten
IgG gluten IgG flagellin IgM flagellin I FABP LBP Scdl4 Hemoglobin MCH MCV

Trombocytter Leukocytter Neutrofile g Lymfocytter Monocytter Eosinofile g
Basofile g Ferritin ASAT ALAT CRP TSH Free T4

/CASEID ID

/SAVE FLAGMISMATCHES=YES VARNAME=CasesCompare MATCHDATASET=YES
MATCHNAME=BiodataError



MISMATCHDATASET=NO
/OUTPUT VARPROPERTIES=NONE CASETABLE=YES TABLELIMIT=100.

DATASET CLOSE DataSetl.
DATASET CLOSE DataSet2.
DATASET CLOSE BiodataError.

* Merging datafiles to get all the data in one file.
GET

FILE='N:\durable\Statistics\SPSS data\nettskjema.sav'.
DATASET NAME Analysefil.

GET FILE='N:\durable\Statistics\SPSS datal\testdatal.sav'.
DATASET NAME Testdata.
DATASET ACTIVATE Testdata.
SORT CASES BY ID.
DATASET ACTIVATE Analysefil.
SORT CASES BY 1ID.
MATCH FILES /FILE=%*
/FILE="'Testdata'
/BY ID.
EXECUTE.
DATASET CLOSE Testdata.

GET FILE='N:\durable\Statistics\SPSS datal\cantab.sav'.
DATASET NAME CANTAB.
DATASET ACTIVATE Analysefil.
SORT CASES BY 1ID.
DATASET ACTIVATE CANTAB.
SORT CASES BY ID.
DATASET ACTIVATE Analysefil.
MATCH FILES /FILE=%*
/FILE="CANTAB'
/BY ID.
EXECUTE.
DATASET CLOSE CANTAB.

GET FILE='N:\durable\Statistics\SPSS data\biodatal.sav'.
DATASET NAME Biodata.
DATASET ACTIVATE Analysefil.
SORT CASES BY ID.
DATASET ACTIVATE Biodata.
SORT CASES BY ID.
DATASET ACTIVATE Analysefil.
MATCH FILES /FILE=%*
/FILE='Biodata'
/BY ID.
EXECUTE.
DATASET CLOSE Biodata.

SAVE OUTFILE='N:\durable\Statistics\SPSS data\Analysefil.sav'.
*Deleting case G008 and G019 due to the amount of missing data.
SELECT IF NOT (ID EQ 'GO008'").
SELECT IF NOT (ID EQ 'GO1l9'").

*Deleting case G005 og G011l due to previously diagnosed celiac disease.



SELECT IF NOT (ID EQ 'GOO5'").
SELECT IF NOT (ID EQ 'GO1l1l').
EXECUTE.

*Calculate dominant hand.
DO IF (dominant handrl EQ 'r').

COMPUTE dominant handrl = '0'.
ELSE.

COMPUTE dominant handrl = '1'.
END IF.
EXECUTE.

ALTER TYPE dominant handrl (F1).
VALUE LABELS dominant handrl 0 = Right 1 = Left.
Execute.

DO IF (dominant handrl EQ 0).
COMPUTE time dominant = test right.
COMPUTE time nondominant = test left.
ELSE.
COMPUTE time dominant = test left.
COMPUTE time nondominant = test right.
END IF.
EXECUTE.

*Fixing gender values.
ALTER TYPE sos3 (F1).
RECODE sos3 (1=0) (2=1).
EXECUTE.
VARIABLE LABELS sos3 'Gender'.
VALUE LABELS sos3

0 'Gutt'

1 'Jente'.

*Alter type height, weight.

ALTER TYPE sos4
ALTER TYPE sosb

* Date and Time
Alter type sosl
Alter type sos2

(F3.1) .
(F3.1).

Wizard: Age.
(EdatelO) .
(EdatelO) .

COMPUTE Age=DATEDIF (sos2, sosl, "days").

VARIABLE LABELS
VARIABLE LEVEL

Age "Age at test date".
Age (SCALE) .

FORMATS Age (F5.0).

VARIABLE WIDTH Age(5).

EXECUTE.

* Descriptive statistics for article ( Frequency Percent, Mean,
diviation).

COMPUTE Age years=Age / 365.

EXECUTE.

COMPUTE Parent education sum=sos9 + sosl0.
EXECUTE.

*Fixing variable levels.

and Standard



VARIABLE LEVEL so0s9 so0sl0 bpml bpm2 bpm3 bpm4 bpm5 bpm6 bpm7 bpm8 bpm9 bpml0
bpmll bpml2 bpml3 bpml4 bpml5 bpml6 bpml7 bpml8 bpml9 psil (ORDINAL)

/ psi2 psi3 psid psi5 psi6 psi7 psi8 psi9 psil0 psill psil2 psil3 psild psilb
psil6o psil7 psil8 psil9 psi20 psi2l psi22 psi23 psi2d psi2b5 psi26 psi27 psi28
Psi29 psi30 psi3l psi32 psi33 psi34 psi35 psi36 kidl (ORDINAL)

/ kid2 kid3 kid4 kid5 kid6 kid7 kid8 kid9 kidl0 kidll curl cur2 cur3 curi
curb5 cur6 cur7 cur8 cur9 curll0 gsrsl gsrs2 gsrs3 gsrs4 gsrs5 gsrs6 gsrs/ gsrs8
gsrs9 gsrslO gsrsll gsrsl2 gsrsl3 gsrsld gsrsl5 (ORDINAL)

/ diet8 dietlO dietll dietl2 dietl3 dietl4 dietl5 (ORDINAL)

/ slpl diet2 diet3 diet4 diet7 1 diet7 2 matrix sum matrix scaled verbal sum
verbal scaled ab_sum ABIQ test right test left MOTML MOTSDL MOTTC MOTTE
PALFAMS PALMETS PALNPR PALTA (SCALE)

/ PALTA2 PALTA4 PALTA6 PALTA8 PALTE PALTE2 PALTE4 PALTE6 PALTES8 PALTEA2
PALTEA28 PALTEA4 PALTEA6 PALTEA8 RTIFESI RTIFESNR RTIFESPR RTIFMDMT RTIFMDRT
RTIFMMT (SCALE)

/ RTIFMRT RTIFMTSD RTIFRTSD RTIFTES SSPFMNE SSPFSL SSPFSR SSPFTE SSPFTUE
(SCALE) .

* Describing minimum and maximum values to check for punching errors.
DESCRIPTIVES VARIABLES=sosl so0sZ2 so0s3 so0s4 so0s5 s0s6 sos7 sos8 so0s9 sosl0 bpml
bpm2 bpm3 bpm4 bpm5 bpmé6 bpm7 bpm8 bpm9 bpml0 bpmll bpml2 bpml3 bpml4d bpmlb5
bpml6 bpml7 bpml8 bpml9 psil
psi2 psi3 psid psib psi6 psi7 psi8 psi9 psil0 psill psil2 psil3 psil4d psilb
Psil6 psil7 psil8 psil9 psi20 psi2l psi22 psi23 psi24 psi25 psi26 psi27 psi28
Psi29 psi30 psi3l psi32 psi33 psi34 psi35 psi36 kidl kid2 kid3 kid4
kid5 kid6 kid7 kid8 kid9 kidl0 kidll curl cur2 cur3 cur4 curb5 cur6 cur?7 cur8
cur9 curlO gsrsl gsrs2 gsrs3 gsrs4 gsrs5 gsrs6 gsrs7 gsrs8 gsrs9 gsrslO gsrsll
gsrsl2 gsrsl3 gsrsl4 gsrsl5 dietl0 dietll dietl2 dietl3 dietl4d dietl5
slpl slp2 slp3 matrix sum matrix scaled verbal sum verbal scaled ab_sum ABIQ
dominant handrl test right test left HLA DQ75 HLA DQ25 HLA DQ2 HLA DQ8 IgA TG2
IgG DGP IgA gluten IgG gluten IgG flagellin IgM flagellin I FABP LBP
Scdl4 Hemoglobin MCH MCV Trombocytter Leukocytter Neutrofile g Lymfocytter
Monocytter Eosinofile g Basofile g Ferritin ASAT ALAT CRP TSH Free T4

/STATISTICS=MIN MAX.

* Reversing variables to get consistent scoring for KIDSCREEN, sleep, PSI.

RECODE slpl (1=5) (4=2) (2=4) (5=1).
RECODE slp2 (1=4) (2=3) (3=2) (4=1)

RECODE kid3 (1=5) (2=4) (4=2) (5=1).
RECODE kid4 (1=5) (2=4) (4=2) (5=1).
RECODE kidll (1=5) (2=4) (4=2) (5=1).
RECODE dietlb5 (1=5) (2=4) (4=2) (5=1)
RECODE psi22 (1=5) (4=2) (2=4) (5=1).
RECODE psi33 (1=5) (4=2) (2=4) (5=1).

EXECUTE.

* Adding labels for SB5 and 9-HPT data, computed variables.
VARIABLE LABELS

matrix sum 'SB5 Sum matrix subtest'

matrix scaled 'SB5 Scaled score matrix subtest'

verbal sum 'SB5 Sum verbal subtest'

verbal scaled 'SB5 Scaled score verbal subtest'

ab sum 'SB5 Sum of scaled scores'

ABIQ 'SB5 Abbriated IQ'

dominant handrl 'Dominant hand'

test right 'S-HPT Right hand test run'



test left '9-HPT Left hand test run'

time dominant '9-HPT Dominant hand'

time nondominant '9-HPT Non-dominant hand'.
EXECUTE.

* Checking for missing data (if someone asked "do not know" on questions on
the parents level of education)
MISSING VALUES so0s9,s0sl1l0 (6).

*Removing outliers RTIFMDMT PALTEA24.
DO IF (PALTEA28 EQ 24).

COMPUTE PALTEA28 = 41.

ELSE IF (RTIFMDMT EQ 3414).

COMPUTE RTIFMDMT = 677.

END TIF.

EXECUTE.

*SAVE .
SAVE OUTFILE='N:\durable\Statistics\R\Dataset R.sav'.

OUTPUT SAVE OUTFILE='N:\durable\Statistics\Output\Preliminary.spv'.



G2 Syntax SPSS: Descriptive statistics

* Encoding: UTF-8.
GET FILE='N:\durable\Statistics\R\Dataset R.sav'.

DESCRIPTIVES VARIABLES=slpl slp2 slp3
/SAVE.

COMPUTE bpm_total=sum(bpml + bpm2 + bpm3 + bpm4 + bpm5 + bpmé6 + bpm7 + bpm8 +
bpm9 + bpml0 + bpmll + bpml2 + bpml3 + bpml4d + bpml5 + bpml6 + bpml7 + bpml8 +
bpml9) /19.

COMPUTE kidscreen total=mean (kidl to kidll).

COMPUTE psi total=mean(psil to psi36).

COMPUTE gsrs=mean (gsrsl to gsrsl)).

COMPUTE curiosity=mean (curl to curlQ).

COMPUTE sleep=mean (Zslpl to Zslp3).

COMPUTE lactose=mean (dietl3 + dietld).

COMPUTE gluten=mean (dietl0 + dietll + dietl2 + dietl)).

COMPUTE MeanEducation=MEAN (sos9 + sosl10).

COMPUTE Parent education sum=sos9 + soslO0.

EXECUTE.

*Qutliers min max average.
EXAMINE VARIABLES=ABIQ
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=PALFAMS
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=PALTEAZ2S8
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=RTIFMDMT
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95



/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=RTIFMDRT
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=RTIFESPR
/PLOT BOXPLOT STEMLEAF HISTOGRAM
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=SSPFSR
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=verbal sum
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=matrix sum
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=time dominant
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.



EXAMINE VARIABLES=psi total
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=kidscreen total
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=gsrs
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=bpm total
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=sleep
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=curiosity
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=lactose
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS



/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95

/MISSING LISTWISE

/NOTOTAL.

EXAMINE VARIABLES=gluten
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES= IgG DGP
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES= IgA TG2
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES= IgA gluten
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=IgG gluten
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=IgG flagellin
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME



/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=IgM flagellin
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=Scdl4
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES= I FABP
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

EXAMINE VARIABLES=LBP
/PLOT BOXPLOT STEMLEAF HISTOGRAM NPPLOT
/COMPARE GROUPS
/PERCENTILES HAVERAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95
/MISSING LISTWISE
/NOTOTAL.

FREQUENCIES VARIABLES= ABIQ time dominant
kidscreen total psi total sleep curiosity lactose gluten gsrs HLA DQ2 5
HLA DQ8
HLA DQ2 2 IgA TG2 IgG DGP IgA gluten IgG gluten IgG flagellin
IgM flagellin I FABP LBP Scdl4
Hemoglobin MCV Ferritin Leukocyte diff CRP TSH Free T4 ASAT ALAT
/FORMAT=NOTABLE
/STATISTICS=STDDEV VARIANCE RANGE MINIMUM MAXIMUM MEAN MEDIAN MODE
/ORDER=ANALYSIS.

FREQUENCIES VARIABLES=sos3
/STATISTICS=STDDEV VARIANCE MINIMUM MAXIMUM MEAN MEDIAN MODE
/ORDER=ANALYSIS.



FREQUENCIES VARIABLES=s0s9
/STATISTICS=STDDEV VARIANCE MINIMUM MAXIMUM MEAN MEDIAN MODE
/ORDER=ANALYSIS.

FREQUENCIES VARIABLES= sosl0
/STATISTICS=STDDEV VARIANCE MINIMUM MAXIMUM MEAN MEDIAN MODE
/ORDER=ANALYSIS.

FREQUENCIES VARIABLES= Parent education sum
/STATISTICS=STDDEV VARIANCE MINIMUM MAXIMUM MEAN MEDIAN MODE
/ORDER=ANALYSIS.

FREQUENCIES VARIABLES=Age
/STATISTICS=STDDEV VARIANCE MINIMUM MAXIMUM MEAN MEDIAN MODE
/ORDER=ANALYSIS.

*Analyze Patterns of Missing Values.of values used for imputation.
MULTIPLE IMPUTATION sosl sos2 so0s3 sos4 sos5 sos6 sos7 sos8 sos9 sosl0 bpml
bpm2 bpm3 bpm4 bpmb

bpmé6 bpm7 bpm8 bpm9 bpml0 bpmll bpml2 bpml3 bpml4 bpml5 bpml6é bpml7 bpml8
bpml9 psil psi2 psi3 psi4

psi5 psi6 psi7 psi8 psi9 psil0 psill psil2 psil3 psild psild psil6 psil?
psil8 psil9 psi20 psi2l

Psi22 psi23 psi24 psi2b5 psi26 psi27 psi28 psi29 psi30 psi3l psi32 psi33
psi34 psi35 psi36 kidl kid2

kid3 kid4 kid5 kid6 kid7 kid8 kid9 kidl0 kidll curl cur2 cur3 curd4 curb
cur6 cur7 cur8 cur9 curl0

dietl diet3 diet2 diet4 diet7 diet8 diet9 dietl0 dietll dietl2 dietl3
dietl4 dietl5 dietl6 gsrsl

gsrs2 gsrs3 gsrsé4 gsrsb gsrs6 gsrs7 gsrs8 gsrs9 gsrsl0 gsrsll gsrsl?2
gsrsl3 gsrsl4d gsrsl5 slpl slp2

slp3 soml som2 som3 som4 som5 som6 som7 som8 som9 matrix sum verbal sum
time dominant time nondominant

PALFAMS PALTEA28 RTIFMDMT RTIFMDRT SSPFSR IgA gluten IgG gluten

/IMPUTE METHOD=NONE

/MISSINGSUMMARIES OVERALL VARIABLES (MAXVARS=200 MINPCTMISSING=0.01)
PATTERNS.

* Analyze Patterns of Missing Values.of values used in analysis.
MULTIPLE IMPUTATION bpml bpm2 bpm3 bpm4 bpm5 bpm6 bpm7 bpm8 bpm9 bpml0 bpmll
bpml2 bpml3 bpml4 bpml5 bpml6 bpml7 bpml8 bpml9 psil psi2 psi3 psi4

psi5 psi6 psi7 psi8 psi9 psil0 psill psil2 psil3 psild psild psil6 psil7
psil8 psil9 psi20 psi2l

Psi22 psi23 psi24 psi25 psi26 psi27 psi28 psi29 psi30 psi3l psi32 psi33
psi34 psi35 psi36 kidl kid2

kid3 kid4 kid5 kid6 kid7 kid8 kid9 kidl0 kidll curl cur2 cur3 curd curb
cur6 cur7 cur8 cur9 curl0

gsrsl gsrs2 gsrs3 gsrsd4 gsrsb gsrs6 gsrs7 gsrs8 gsrs9 gsrslO gsrsll gsrsl?2
gsrsl3 gsrsl4 gsrsl5 matrix sum verbal sum time dominant

PALFAMS PALTEA28 RTIFMDMT RTIFMDRT SSPFSR IgA gluten IgG gluten

/IMPUTE METHOD=NONE

/MISSINGSUMMARIES OVERALL VARIABLES (MAXVARS=200 MINPCTMISSING=0.01)
PATTERNS.



*Littles MCAR test.
MVA VARIABLES= so0sl so0s2 sos3 sos4 sosb sos6 sos7 s0s8 so0s9 sosl0 bpml bpm2
bpm3 bpm4 bpmb

bpm6 bpm7 bpm8 bpm9 bpml0 bpmll bpml2 bpml3 bpmld bpml5 bpml6 bpml7 bpml8
bpml9 psil psi2 psi3 psié

pPsib psi6 psi7 psi8 psi9 psil0 psill psil2 psil3 psild psilb psil6 psil?
psil8 psil9 psi20 psiZ2l

pPsi22 psi23 psi24 psi2b psi26 psi27 psi28 psi29 psi30 psi3l psi32 psi33
psi34 psi35 psi36 kidl kid2

kid3 kid4 kid5 kid6 kid7 kid8 kid9 kidl0 kidll curl cur2 cur3 curd curb
cur6 cur7 cur8 cur9 curl0

dietl diet3 diet2 diet4 diet7 diet8 diet9 dietl0O dietll dietl2 dietl3
dietl4 dietl5 dietl6 gsrsl

gsrs2 gsrs3 gsrsd gsrsb gsrs6 gsrs7 gsrs8 gsrs9 gsrslO gsrsll gsrsl2
gsrsl3 gsrsld gsrsl5 slpl slp2

slp3 soml som2 som3 som4 som5 som6 som7 som8 som9 matrix sum verbal sum

dominant handrl test right test left time dominant

time nondominant PALFAMS PALTEA28 RTIFMDMT RTIFMDRT SSPFSR IgA gluten
IgG _gluten

/EM (TOLERANCE=0.001 CONVERGENCE=0.0001 ITERATIONS=50).

*SAVE.
SAVE OUTFILE='N:\durable\Statistics\SPSS data\Dataset Descriptives.sav'.
OUTPUT SAVE OUTFILE='N:\durable\Statistics\Output\Descriptives.spv'.



G3 Script R: Multiple imputation

setwd ("N:/durable/Statistics/r")
library (haven)

library(mice)

library(miceadds)
library(lavaan)
library(tidyverse)

set.seed/( )

datafile <- "Dataset R.sav"
data <- read sav(datafile)
data <- as_tibble(data)

var count <- length(data)
obs count <- length(data[["sos1"]])

missing vector <- vector(mode = "list", obs_ count)
for(i in l:obs_count){
missing vector[[i]] <- NA

}

data$bpm <- missing vector
data$psi <- missing vector
data$cur <- missing vector
data$kidscreen <- missing vector
data$sleep <- missing vector
data$gluten <- missing vector
data$gsrs <- missing vector
data$meaneducation <- missing vector
data$ZRTI mean <- missing vector
data$ZPAL mean <- missing vector
data$gscore <- missing vector
data$bscore <- missing vector
data$Zslpl <- missing vector
data$zslp2 <- missing vector
data$zslp3 <- missing vector
data$ZPALFAMS <- missing vector
data$ZPALTEA28 <- missing vector
data$ZRTIFMDMT <- missing vector
data$ZRTIFMDRT <- missing vector
data$ZSSPFSR <- missing vector
data$zZverbal <- missing vector
data$Zmatrix <- missing vector
data$Z9HPT <- missing vector
data$ZIgA gluten <- missing vector
data$zIgG gluten <- missing vector

imputable <- dplyr::select(data, Age, Age years, Parent education sum, sosl,
sos2, sos3, sos4, sosb5, sos6, sos7, sos8, so0s9, sosl0, bpml, bpm2, bpm3,

bpm4, bpm5, bpm6, bpm7, bpm8, bpm9, bpml0, bpmll, bpml2,
bpml3, bpml4, bpml5, bpmlé6, bpml7,

bpml8, bpml9, psil, psi2, psi3, psi4, psi5, psi6, psi7,
psi8, psi9, psil0O, psill, psil2,

psil3, psild4, psilb, psil6, psil7, psil8, psil9, psiZ20,
psi2l, psi22, psi23, psi24, psi25,



psi26, psi27, psi28, psi29, psi30, psi3l, psi32, psi33,
psi34, psi35, psi36, kidl, kid2z,

kid3, kid4, kid5, kid6, kid7, kid8, kid9, kidl0, kidl1l,
curl, cur2, cur3, cur4, cur5,

cur6, cur7, cur8, cur9, curl0, dietl, diet3, diet2, diet4,
diet7, diet8, diet9, dietlO,

dietll, dietl2, dietl3, dietl4, dietl5, dietl6, gsrsl,
gsrs2, gsrs3, gsrs4, gsrsb5, gsrs6, gsrs7,

gsrs8, gsrs9, gsrslO, gsrsll, gsrsl2, gsrsl3, gsrsli4,
gsrsl5, slpl, slp2, slp3, soml, som2,

som3, som4, som5, som6, som7, som8, som9, matrix sum,
verbal sum,

ab_sum, ABIQ, dominant handrl, test right, test left,
time dominant, time nondominant,

PALFAMS, PALTEA28, RTIFMDMT, RTIFMDRT, SSPFSR, IgA gluten,
IgG _gluten,

bpm, psi, cur, kidscreen, sleep, gluten, gsrs,
meaneducation, ZRTI mean, ZPAL mean, gscore, bscore,

Zslpl, Zslp2,Zslp3, ZPALFAMS, ZPALTEA28, ZRTIFMDMT,
ZRTIFMDRT, ZSSPFSR, Zverbal, Zmatrix, Z9HPT, ZIgA gluten, ZIgG gluten)

factored data <- imputable
var count <- length(factored data)

view(sapply(factored data,class))
for(i in l:var count){ ##TODO: Find which which values were the
problem and check if some should be excluded

factored datal[i] <- as.numeric(unlist(factored datal[il]))
# for(j in 1){
# J <- as.numeric(j)
#print (is.numeric (factored datal[i]))
# 0}
}
#view (sapply (factored data,class))

print (colnames (data))
print (factored data)

factored data$sos3 <- factor(factored data$sos3)
factored data$sos5 <- ordered(factored data$sos5)
factored data$sos6 <- ordered(factored data$sos6)
factored data$sos7 <- ordered(factored data$sos7)
factored data$sos8 <- ordered(factored data$sos8)
factored data$sos9 <- ordered(factored data$sos9)
factored data$sosl0 <- ordered(factored data$soslO)
factored data$bpml <- ordered(factored data$bpml)
factored data$bpm2 <- ordered(factored data$bpm2)
factored data$bpm3 <- ordered(factored data$bpm3)
factored data$bpm4 <- ordered(factored data$bpm4)
factored data$bpm5 <- ordered(factored data$bpm5)
factored data$bpmé6 <- ordered(factored data$bpm6)
factored data$bpm7 <- ordered(factored data$bpm7)
factored data$bpm8 <- ordered(factored data$bpm8)
factored data$bpm9 <- ordered(factored data$bpm9)
factored data$bpml0 <- ordered(factored data$bpml0)



factored data$bpmll
factored data$bpml2
factored data$bpml3
factored data$bpml4
factored data$bpml5
factored data$bpmlé
factored data$bpml?’
factored data$bpml8
factored data$bpml?
factored data$psil
factored data$psi2
factored data$psi3
factored data$psié
factored data$psib
factored data$psié6
factored data$psi?
factored data$psi8
factored data$psi?9
factored data$psilo0
factored data$psill
factored data$psil2
factored data$psil3
factored data$psilé
factored data$psilbs
factored data$psilé
factored data$psil7?
factored data$psil8
factored data$psil9
factored data$psi20
factored data$psi2l
factored data$psi22
factored data$psi23
factored data$psi24
factored data$psi25
factored data$psi2é6
factored data$psi2?
factored data$psi28
factored data$psi29
factored data$psi30
factored data$psi3l
factored data$psi32
factored data$psi33
factored data$psi34
factored data$psi3b’
factored data$psi3e6
factored data$kidl
factored data$kid2
factored data$kid3
factored data$kid4
factored data$kid5
factored data$kidé
factored data$kid?
factored data$kids8
factored data$kid9

<-

<-

ordered(factored data$bpmll)
ordered(factored data$bpml?2)
ordered(factored data$bpml3)
ordered(factored data$bpml4)
ordered(factored data$bpmlb)
ordered(factored data$bpml6)
ordered(factored data$bpml7)
ordered(factored data$bpml8)
ordered(factored data$bpml9)
ordered(factored data$psil)
ordered(factored data$psi2)
ordered(factored data$psi3)
ordered(factored data$psi4)
ordered(factored data$psib’)
ordered(factored data$psi6)
ordered(factored data$psi7)
ordered(factored data$psi8)
ordered(factored data$psi9)
ordered(factored data$psilO)
ordered(factored data$psill)
ordered(factored data$psil2)
ordered(factored data$psil3)
ordered(factored data$psil4)
ordered(factored data$psilb)
ordered(factored data$psil6)
ordered(factored data$psil?)
ordered(factored data$psil8)
ordered(factored data$psil9)
ordered(factored data$psi20)
ordered(factored data$psi2l)
ordered(factored data$psi2?2)
ordered(factored data$psi23)
ordered(factored data$psi24)
ordered(factored data$psi2b)
ordered(factored data$psi26)
ordered(factored data$psi27)
ordered(factored data$psi28)
ordered(factored data$psi29)
ordered(factored data$psi30)
ordered(factored data$psi3l)
ordered(factored data$psi32)
ordered(factored data$psi33)
ordered(factored data$psi34)
ordered(factored data$psi3b)
ordered(factored data$psi36)
ordered(factored data$kidl)
ordered(factored data$kid?2)
ordered(factored data$kid3)
ordered(factored data$kid4)
ordered(factored data$kidb)
ordered(factored data$kid6)
ordered(factored data$kid7)
ordered(factored data$kid8)
ordered(factored data$kid9)

factored data$kidl0 <- ordered(factored data$kidl0)
factored data$kidll <- ordered(factored data$kidll)
factored data$curl <- ordered(factored data$curl)



factored data$cur2
factored data$cur3
factored data$cur4
factored data$cur>b
factored data$curé
factored data$cur?
factored data$cur8
factored data$cur9
factored data$curlO
factored data$dietl
factored data$diet?
factored data$diet8
factored data$diet9

<- ordered(factored data$cur2)
<- ordered(factored data$cur3)
<- ordered(factored data$cur4)
<- ordered(factored data$cur5)
<- ordered(factored data$cur6)
<- ordered(factored data$cur7?)
<- ordered(factored data$curs8)

<- ordered(factored data$cur9)

<- ordered(factored data$curlO)
<- factor(factored data$dietl)
<- ordered(factored data$diet?)
<- ordered(factored data$diet8)
<- ordered(factored data$diet9)

factored data$dietl0 <- ordered(factored data$dietl0)
factored data$dietll <- ordered(factored data$dietll)
factored data$dietl2 <- ordered(factored data$dietl?2)
factored data$dietl3 <- ordered(factored data$dietl3)
factored data$dietl4 <- ordered(factored data$dietl4)
factored data$dietl5 <- ordered(factored data$dietl’)
factored data$dietl6 <- ordered(factored data$dietl6)

factored data$gsrsl
factored data$gsrs2
factored data$gsrs3
factored data$gsrs4
factored data$gsrsbs
factored data$gsrsé6
factored data$gsrs7
factored data$gsrs8
factored data$gsrs?

<- ordered(factored data$gsrsl)
<- ordered(factored data$gsrs2)
<- ordered(factored data$gsrs3)
<- ordered(factored data$gsrs4)
<- ordered(factored data$gsrsb5)
<- ordered(factored data$gsrsé6)
<- ordered(factored data$gsrs7)
<- ordered(factored data$gsrs8)
<- ordered(factored data$gsrs9)

factored data$gsrslO
factored data$gsrsll
factored data$gsrsl?2
factored data$gsrsl3
factored data$gsrslié
factored data$gsrslb5
factored data$slp2 <-
factored data$slp3
factored data$soml
factored data$som2
factored data$som3
factored data$somd
factored data$som5
factored data$somé
factored data$som?
factored data$som8
factored data$som9
factored data$dominant

factored data$ID <- da

#meth <- vector (mode
#for (i in l:var count)
#meth[[1i]] <- "pmm"

#print ((is.numeric (f

#}

#names (meth) <- names (

ordered(factored data$gsrsl0)
ordered(factored data$gsrsll)
ordered(factored data$gsrsl2)
ordered(factored data$gsrsl3)
ordered(factored data$gsrslé4)
ordered(factored data$gsrsl5)
ordered(factored data$slp2)
ordered(factored data$slp3)
ordered(factored_dataSsoml)
ordered(factored data$som2)
ordered(factored data$som3)
ordered(factored data$som4)
ordered(factored data$som5)
ordered(factored data$som6)
ordered(factored data$som7)
ordered(factored data$som8)
ordered(factored data$som9)

_handrl <- factor(factored data$dominant handrl)

ta$ID

"lj_St",

{

var_ count)

actored datal[[i]]) | (is.ordered(factored datal[[i]]))))

factored data)



#names (meth)
#is.data.frame (factored data)

imp <- mice(factored data,m=1, maxit=0, remove.colinear=FALSE)
meth <- imp$method

print (meth)

imp$loggedEvents

meth["sos3"] <= "logreg"
meth["sos5"] <= "polyreg"
meth["sos6"] <= "polyreg"
meth["sos7"] <= "polyreg"
meth["sos8"] <= "polyreg"
meth["s0s9"] <= "polyreg"
meth["sos10"] <= "polyreg"
meth["bpml"] <= "polyreg"
meth["bpm2"] <= "polyreg"
meth["bpm3"] <= "polyreg"
meth["bpm4"] <= "polyreg”
meth["bpm5"] <= "polyreg”
meth["bpm6"] <= "polyreg”
meth["bpm7"] <= "polyreg"
meth["bpm8"] <= "polyreg"
meth["bpm9"] <= "polyreg”
meth["bpml0"] <= "polyreg”
meth["bpmll"] <= "polyreg”
meth["bpml2"] <= "polyreg"
meth["bpml13"] <= "polyreg"
meth["bpml4d"] <= "polyreg”
meth["bpml5"] <= "polyreg”
meth["bpml6"] <= "polyreg”
meth["bpml7"] <= "polyreg"
meth["bpml18"] <= "polyreg"
meth["bpml19"] <= "polyreg”
meth["psil"] <= "polyreg”
meth["psi2"] <= "polyreg”
meth["psi3"] <= "polyreg"
meth["psid"] <= "polyreg"
meth["psi5"] <= "polyreg”
meth["psi6"] <= "polyreg”
meth["psi7"] <= "polyreg”
meth["psi8"] <= "polyreg"
meth["psi9"] <= "polyreg"
meth["psil0"] <= "polyreg”
meth["psill"] <= "polyreg”
meth["psil2"] <= "polyreg"
meth["psil3"] <= "polyreg"
meth["psil4d"] <= "polyreg"
meth["psilb"] <= "polyreg"
meth["psil6e"] <= "polyreg"
meth["psil7"] <= "polyreg"
meth["psil8"] <= "polyreg"
meth["psil19"] <= "polyreg"
meth["psi20"] <= "polyreg"
meth["psi21"] <= "polyreg"
meth["psi22"] <- "polyreg”
meth["psi23"] <= "polyreg"



meth["psi24"]
meth["psi25"]
meth["psi26"]
meth["psi27"]
meth["psi28"]
meth["psi29"]
meth["psi30"]
meth["psi31"]
meth["psi32"]
meth["psi33"]
meth["psi34"]
meth["psi35"]
meth["psi36"]
meth["kidl"]
meth["kid2"]
meth["kid3"]
meth["kid4d"]
meth["kid5"]
meth["kid6"]
meth["kid7"]
meth["kid8"]
meth["kid9o"]
meth["kid10"]
meth["kidl1"]
meth["curl™]
meth["cur2"]
meth["cur3"]
meth["curd"]
meth["curb"]
meth["cur6™]
meth["cur7"]
meth["cur8"]
meth["cur9"]
meth["curl0"]
meth["dietl"]
meth["diet7"]
meth["diet8"]
meth["diet9"]

meth["diet10"]
meth["diet11"]
meth["dietl12"]
meth["diet13"]
meth["diet14"]
meth["diet15"]
meth["diet16"]

meth["gsrsl"]
meth["gsrs2"]
meth["gsrs3"]
meth["gsrs4"]
meth["gsrs5H"]
meth["gsrs6"]
meth["gsrs7"]
meth["gsrs8"]
meth["gsrs9"]

<-
<-

meth["gsrs10"] <-
meth["gsrsll"] <-
meth["gsrsl2"] <-

"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"logreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg
"polyreg
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"
"polyreg"

"

"polyreg"
"polyreg"
"polyreg"



meth["gsrsl13"] <= "polyreg"
meth["gsrsl4d"] <- "polyreg"
meth["gsrsl55"] <= "polyreg"
meth["slp2"] <= "polyreg"
meth["s1p3"] <= "polyreg"
meth["soml"] <= "polyreg"
meth["som2"] <= "polyreg"
meth["som3"] <= "polyreg"
meth["somd"] <= "polyreg"
meth["som5"] <= "polyreg"
meth["som6"] <= "polyreg"
meth["som7"] <= "polyreg"
meth["som8"] <= "polyreg"
meth["som9"] <= "polyreg"
meth["dominant handrl"] <- "logreg"
meth["bpm"] <= ""
meth["psi"] <= ""
meth["cur"] <= ""
meth["kidscreen"] <= ""
meth["sleep”"] <= ""
meth["gluten"] <= ""
meth["gsrs"] <= ""
meth["meaneducation”"] <= ""
meth["ZRTI mean"] <= ""
meth["ZPAL mean"] <- ""
meth["gscore"] <= ""
meth["bscore”"] <= ""
meth["Zslpl"] <= ""
meth["Zslp2"] <= ""
meth["Zslp3"] <= ""
meth["ZPALFAMS"] <= ""
meth["ZPALTEA28"] <= ""
meth["ZRTIFMDMT"] <= ""
meth["ZRTIFMDRT"] <= ""
meth["ZSSPFSR"] <= ""
meth["Zverbal"] <= ""
meth["Zmatrix"] <= ""
meth["Z9HPT"] <= ""
meth["ZIgA gluten"] <= ""
meth["ZIgG gluten"] <= ""
meth["Age"] <- ""

meth["Age years"] <= ""
meth["Parent education sum"] <- ""
meth["ID"] <- ""

#view (sapply (factored data, class))
imputations <- 20

imp <- mice(factored data,m=imputations,
maxit=10,method=meth, remove.colinear=FALSE)

imp$method

#pool

pooling <- with(data = imp,exp=lm(sos3 ~ IgG gluten))

estimate <- pool (pooling)
estimate



pooling <- with(data = imp,exp=lm(bpml ~ bpml9))
estimate <- pool (pooling)
estimate

completed <- NULL
i <=1
repeat{
if (i<=imputations) {
completed[[1i]] <- mice::complete(imp,action=i, include=FALSE)
i = i+l
}else({
break
}
}

#view (completed[1])

#save

setwd ("N:/durable/Statistics/r")
saveRDS (completed, file="dataimp.Rda")
saveRDS (imp, file="imp.Rda")



G4 Script R: Statistical analysis

####PREPARING SCRIPTH##4#4#
setwd ("N:/durable/Statistics/r")
imp <- readRDS(file="imp.Rda")

#Defining nr of imputations, adding one for original dataset
imputations <- imp$m+1

#Loading libraries
library(mice)
library(miceadds)
library(dplyr)
library(Amelia)
library(car)
library(QuantPsyc)
library (MASS)
library(xlsx)
library(semTools)
library(lavaan)
library(tidyverse)

#####RANKING BIOLOGICAL MEASURES####
looped <- data.frame()

i <=1
repeat{
if (i<=imputations) {
#Pulling imputation
imputation <- mice::complete(imp,i-1)

#Ranking variables
imputation$R IgA gluten <-

rank (imputation$IgA gluten,na.last="keep",ties.method="first")
imputation$R IgG gluten <-

rank (imputation$IgG gluten,na.last="keep",ties.method="first")

#Re-creating .imp and .id-variables
imputation$.id <- rownames (imputation)
imputation$.imp <- i-I

#Appending imputations together
looped <- rbind(looped, imputation)

i = i+
}else({
break
}
}

##Turning looped into .mids-object, before turning .mids object into long
form.

data.ranked <- as.mids(looped, where = NULL, .imp = ".imp", .id = ".id")
completed <- mice::complete(data.ranked, 'long', include=TRUE)

####SCALING AND REVERSING MEASURES###4#



##Scaling sleep, then reversing slpl (total amount of sleep, so higher score -
> less sleep)

completed$Zslpl <- as.vector(scale(subset (completed, select =(slpl), center =
TRUE, scale = TRUE)))

completed$Zslp2 <- as.vector(scale(as.numeric(unlist (completed$slp2)), center
= TRUE, scale = TRUE))

completed$Zslp3 <- as.vector(scale(as.numeric(unlist (completed$slp3)), center
= TRUE, scale = TRUE))

##Creating zscores for results cognitive tests..

completed$ZPALFAMS <- as.vector(scale(subset (completed, select =(PALFAMS),
center = TRUE, scale = TRUE)))

completed$ZPALTEA28 <- as.vector(scale(subset (completed, select =(PALTEA28),
center = TRUE, scale = TRUE)))

completed$ZRTIFMDMT <- as.vector(scale(subset (completed, select =(RTIFMDMT),
center = TRUE, scale = TRUE)))

completed$ZRTIFMDRT <- as.vector(scale(subset (completed, select =(RTIFMDRT),
center = TRUE, scale = TRUE)))

completed$ZSSPFSR <- as.vector (scale (subset (completed, select =(SSPFSR),
center = TRUE, scale = TRUE)))

completed$zZverbal <- as.vector(scale(subset (completed, select =(verbal sum),
center = TRUE, scale = TRUE)))

completed$Zmatrix <- as.vector(scale(subset (completed, select =(matrix sum),
center = TRUE, scale = TRUE)))

completed$Z9HPT <- as.vector(scale(subset (completed, select =(time dominant),
center = TRUE, scale = TRUE)))

##Reversing scaled scores for selected CANTAB-scores and 9HPT

completed$ZPALTEA28 <- 100 - completed$ZPALTEA28 - 100
completed$ZRTIFMDMT <- 100 - completed$ZRTIFMDMT - 100
completed$ZRTIFMDRT <- 100 - completed$ZRTIFMDRT - 100
completed$Z9HPT <- 100 - completed$Z9HPT - 100

####LOGARTMIC TRANSFORMATION AND SCALING OF BIOLOGICAL MEASURES####

##1ogl0 transforms

# completedSIgG flagellin <- 1loglO (completed$IgG flagellin)

# completed$IgM flagellin <- loglO (completed$IgM flagellin)
completed$L IgA gluten <- loglO(completed$IgA gluten)
completed$L IgG gluten <- loglO(completed$IgG gluten)

# completed$Scdl4d <- 1oglO (completed$Scdld)

# completed$I FABP <- loglO (completed$I FABP)

# completedS$SLBP <- 1loglO (completedS$SLBP)

##Creating zscores for biomarkers

completed$ZIgA gluten <- as.vector(scale(subset (completed, select
=(IgA _gluten), center = TRUE, scale = TRUE)))

completed$zIgG gluten <- as.vector(scale(subset (completed, select
=(IgG gluten), center = TRUE, scale = TRUE)))
completed$L ZIgA gluten <- as.vector(scale(subset(completed, select
=(L IgA gluten), center = TRUE, scale = TRUE)))
completed$L ZIgG gluten <- as.vector(scale(subset(completed, select
=(L_IgG gluten), center = TRUE, scale = TRUE)))

####CREATING COMPOSITES#H####
bpm arr <- dplyr::select(completed, bpml,bpm2,bpm3,bpm4,bpm5, bpmé6,bpm7,bpms,



bpm9, bpml10, bpmll,bpml2,bpml3,bpml4d, bpml5, bpml6, bpml7, bpml8, bpml9)
for(j in l:length(bpm arr)) {

bpm arr[j] <- as.numeric(unlist(bpm arr[j]))
}
psi _arr <- dplyr::select(completed, psil:psi36)
for(j in l:length(psi arr)){

psi _arr[j] <- as.numeric(unlist(psi arr[j]))
}
cur_arr <- dplyr::select(completed, curl:curlQ)
for(j in l:length(cur_arr)){

cur arr[j] <- as.numeric(unlist(cur_arr([j]))
}
kid arr <- dplyr::select(completed, kidl:kid1O0)
for(j in l:length(kid arr)){

kid arr[j] <- as.numeric(unlist(kid arr([j]))
}
gluten arr <- dplyr::select(completed, dietl0O,dietll,dietl2,dietl))
for(j in l:length(gluten_arr)) {

gluten arr[j] <- as.numeric(unlist(gluten arr[j]))
}
gsrs_arr <- dplyr::select(completed, gsrsl:gsrslb5)
for(j in l:length(gsrs_arr)) {

gsrs_arr[j] <- as.numeric(unlist(gsrs_arr[j]))
}
sos_arr <- dplyr::select(completed, so0s9,s0s10)
for(j in l:length(sos_arr)){

sos_arr[j] <- as.numeric(unlist(sos arr[j]))

}

#rude variables

completed$bpm <- rowMeans (bpm arr)
completed$psi <- rowMeans(psi_arr)
completed$cur <- rowMeans (cur_arr)
completed$kidscreen <- rowMeans (kid arr)
completed$gluten <- rowMeans (gluten arr)
completed$gsrs <- rowMeans (gsrs_arr)
completed$meaneducation <- rowMeans(sos_arr)

#nice variables

completed$sleep <- rowMeans (subset (completed, select = c(Zslpl:Zslp3)), na.rm
= TRUE)

completed$ZRTI mean <- rowMeans (subset (completed, select
c (ZRTIFMDMT, ZRTIFMDRT)), na.rm = TRUE)
completed$ZPAL mean <- rowMeans (subset (completed, select =

c (ZPALFAMS, ZPALTEA28)), na.rm = TRUE)

completed$gscore <- rowMeans (subset (completed, select =

c(Zmatrix, Zverbal, ZRTI mean, ZPAL mean, ZSSPFSR,Z9HPT)), na.rm = TRUE)
completed$bscore <- rowMeans (subset (completed, select =
c(ZIgA gluten,ZIgG gluten)), na.rm = TRUE)

completed$L bscore <- rowMeans (subset (completed, select
c(L _ZIgA gluten,L ZIgG gluten)), na.rm = TRUE)
completed$R bscore <- rowMeans (subset (completed, select
c(R _IgA gluten,R IgG gluten)), na.rm = TRUE)
completed$cantab <- rowMeans (subset (completed, select =
c (ZRTI mean, ZPAL mean, ZSSPFSR)), na.rm = TRUE)



completed$sb5 <- rowMeans (subset (completed, select = c(Zverbal,Zmatrix)),
na.rm = TRUE)

#Standarized variables for linear regression (standarized coefficents). NOT
CENTERED.

completed$Zage <- scale(as.numeric(unlist (completed$Age)), center = TRUE,
scale = TRUE)

completed$Zmeaneducation <- scale(as.numeric(unlist (completed$meaneducation)),
center = TRUE, scale = TRUE)

completed$Zpsi <- scale(as.numeric(unlist (completed$psi)), center = TRUE,
scale = TRUE)

completed$Zcur <- scale(as.numeric(unlist (completed$cur)), center
scale = TRUE)

completed$Zkidscreen <- scale(as.numeric(unlist (completed$kidscreen)), center
= TRUE, scale = TRUE)

completed$Zbpm <- scale(as.numeric(unlist (completed$bpm)), center = TRUE,
scale = TRUE)

completed$Zgsrs <- scale(as.numeric(unlist (completed$gsrs)), center = TRUE,
scale = TRUE)

completed$ZR bscore <- scale(as.numeric(unlist (completed$R bscore)), center =
TRUE, scale = TRUE)

completed$Zpsi <= 100 - completed$Zpsi - 100

completed$Zbpm reverse <- 100 - completed$Zbpm - 100

TRUE,

#Creating means to remove matrix from variables (creating error when turning
into .mids)

completed$Zage <- rowMeans (subset (completed, select = c(Zage)), na.rm = TRUE)
completed$Zmeaneducation <- rowMeans (subset (completed, select =

c (Zmeaneducation)), na.rm = TRUE)

completed$Zpsi <- rowMeans (subset (completed, select = c(Zpsi)), na.rm = TRUE)
completed$Zcur <- rowMeans (subset (completed, select = c(Zcur)), na.rm = TRUE)
completed$Zkidscreen <- rowMeans (subset (completed, select = c(Zkidscreen)),

na.rm = TRUE)

completed$Zbpm <- rowMeans (subset (completed, select c(Zbpm) ), na.rm = TRUE)
completed$Zgsrs<- rowMeans (subset (completed, select = c(Zgsrs)), na.rm = TRUE)
completed$prm_reverse <- rowMeans (subset (completed, select =

c(Zbpm reverse)), na.rm = TRUE)

completed$ZR bscore <- rowMeans (subset (completed, select = c(ZR bscore)),
na.rm = TRUE)

completed$sos3 <- as.numeric(as.character (completed$sos3))

#Creating .mids object
data.mids <- as.mids(completed, where = NULL, .imp = ".imp", .id = ".id")

####RANKING VARIABLES FOR SPEARMAN RANKED####
#Clearing loop
looped <- data.frame()

###Ranking composites variables for correlations
i <=1
repeat{

if (i<=imputations) {



#Pulling imputation
imputation <- mice::complete(data.mids,i-1)

#Ranking variables for correlations
imputation$R_PALFAMS <-

rank (imputation$ZPALFAMS, na.last="keep", ties.method="first")
imputation$R_PALTEA2 8 <-

rank (imputation$ZPALTEA28,na.last="keep", ties.method="first")
imputation$R _RTIFMDMT <-

rank (imputation$ZRTIFMDMT, na.last="keep", ties.method="first")
imputation$R _RTIFMDRT <-

rank (imputation$ZRTIFMDRT, na.last="keep", ties.method="first")
imputation$R _SSPFSR <-

rank (imputation$ZSSPFSR, na.last="keep",ties.method="first")
imputation$R verbal <-

rank (imputation$Zverbal,na.last="keep",ties.method="first")
imputation$R matrix <-

rank (imputation$Zmatrix,na.last="keep",ties.method="first")
imputation$R cantab <-

rank (imputation$cantab,na.last="keep",ties.method="first")
imputation$R_sb5 <-

rank (imputation$sb5,na.last="keep",ties.method="first")
imputation$R 9HPT <-

rank (imputation$Z9HPT, na.last="keep", ties.method="first")
imputation$R gscore <-

rank (imputation$gscore,na.last="keep",ties.method="first")
imputation$R psi <-

rank (imputation$Zpsi,na.last="keep",ties.method="first")
imputation$R_cur <-

rank (imputation$cur,na.last="keep",ties.method="first")
imputation$R kidscreen <-

rank (imputation$kidscreen,na.last="keep",ties.method="first")
imputation$R bpm <-

rank (imputation$bpm, na.last="keep",ties.method="first")
imputation$R gsrs <-

rank (imputation$gsrs,na.last="keep",ties.method="first")
imputation$R sleep <-

rank (imputation$sleep,na.last="keep", ties.method="first")
imputation$R Age <-

rank (imputation$Age,na.last="keep",ties.method="first")
imputation$R meaneducation <-

rank (imputation$meaneducation,na.last="keep",ties.method="first")

#Re-creating .imp and .id-variables
imputation$.id <- rownames (imputation)
imputation$.imp <- i-1

#Appending imputations together
looped <- rbind(looped, imputation)

i = i+
}else({
break
}
}

#Creating back into .mids-object



data.mids <- as.mids(looped, where = NULL, .imp = ".imp", .id = ".id")

####RUN SCRIPT TO HERE TO CREATE AND SAVE ALL VARIABLES####
saveRDS (data.mids, file="datamids.Rda'")

#Creating dataset containing only those with blood samples results for gluten
antibodies.

completed <- mice::complete(data.mids, 'long', include=TRUE)

fulldata <- subset(completed, ID %in% c("G0O03", "G004", "GOO6", "GOl6",
"G021", "GO23", "G024"))

data.full <- as.mids(fulldata, where = NULL, .imp = ".imp", .id = ".id")

####CORRELATIONS###4#

##Pearson correlations

pearson <- miceadds::micombine.cor (mi.res=data.mids,
variables

=c(1,6,154,138,145:153,155:158,173:175,179:183))

write.xlsx(attr(pearson, "r matrix"), file = "output/correlations.xlsx",
sheetName = "Correlations'", append = FALSE)

##Partial correlations. Controlling for gender and mean education, Age.
partial <- miceadds::micombine.cor(mi.res=data.mids,

variables=c(138,140:153,155:158,173:175,179:183,189),
partial=~sos3+meaneducation+Age)
write.xlsx(attr(partial, "r matrix"), file = "output/correlations.xlsx",
sheetName = "Partial cor'", append = TRUE)

##Spearman correlations
spearman <- miceadds::micombine.cor (mi.res=data.mids, wvariables
=c(6,180,189:207), method="spearman")

write.xlsx(attr(spearman, "r matrix"), file = "output/correlations.xlsx",
sheetName = "Ranked", append = TRUE)

##Partial spearman correlations. Controlling for gender and mean education,
Age.
partial s <- miceadds::micombine.cor (mi.res=data.mids,
variables=c(173,174,180,189:205), method="spearman",
partial=~sos3+R meaneducation+R Age)
write.xlsx(attr(partial s, "r matrix"), file = "output/correlations.xlsx",
sheetName = "Partial ranked", append = TRUE)

##Correlations sensitivity, only participants with biological measures
##Partial correlations. Controlling for gender and mean education, Age.
partial full <- miceadds::micombine.cor(mi.res=data.full,

variables=c(145:153,157,158,173:175,179:183),
partial=~sos3+meaneducation+Age)
write.xlsx(attr(partial full, "r matrix"), file = "output/correlations.xlsx",
sheetName = "Pearson full", append = TRUE)



##Partial spearman correlations. Controlling for gender and mean education,
Age.
partial s full <- miceadds::micombine.cor (mi.res=data.full,
variables=c(173,174,180,189:205), method="spearman",
partial=~sos3+R _meaneducation+R_Age)

write.xlsx(attr(partial s full, "r matrix"), file =
"output/correlations.xlsx",

sheetName = "Spearman full", append = TRUE)

####LINEAR MODELS####

##Multivariate model. Output save to "linear models.xlsx". First model does
not append, overwriting old .txt. Includes baseline models separating effect
of confounding variables.

mod.total <- with(data.mids, lm(gscore + Zcur + Zbpm reverse + Zkidscreen +
Zpsi ~ Zage + sos3 + Zmeaneducation + Zgsrs + ZR bscore))

output.total <- c(summary(pool (mod.total), conf.int = TRUE),
pool.r.squared(mod.total))

write.xlsx (output.total, "output/linear models.xlsx", sheetName="Total",
col.names=TRUE, row.names=TRUE)

baseline.total <- with(data.mids, Im(gscore + Zcur + Zbpm reverse + Zkidscreen
+ Zpsi ~ Zage + sos3 + Zmeaneducation))

output.btotal <- c(summary(pool (baseline.total), conf.int = TRUE),
pool.r.squared(baseline.total))

write.xlsx (output.btotal, "output/linear models.xlsx", sheetName="Baseline
Total", append = TRUE, col.names=TRUE, row.names=TRUE)

##G-score model

mod.gscore <- with(data.mids, Ilm(gscore ~ Zage + sos3 + Zmeaneducation +
ZR _bscore + 7Zgsrs))

output.gscore <- c(summary(pool (mod.gscore), conf.int = TRUE),
pool.r.squared(mod.gscore))

write.xlsx (output.gscore, "output/linear models.xlsx", sheetName="G-score',
append = TRUE, col.names=TRUE, row.names=TRUE)

baseline.gscore <- with(data.mids, 1lm(gscore ~ Zage + sos3 + Zmeaneducation))
output.bgscore <- c(summary(pool (baseline.gscore), conf.int = TRUE),
pool.r.squared(baseline.gscore))

write.xlsx (output.bgscore, "output/linear models.xlsx", sheetName="Baseline G-
score'", append = TRUE, col.names=TRUE, row.names=TRUE)

##BPM-model

mod.bpm <- with(data.mids, 1lm(Zbpm ~ Zage + sos3 + meaneducation + ZR bscore +
Zgsrs))

output.bpm <- c(summary(pool (mod.bpm), conf.int = TRUE),

pool.r.squared (mod.bpm))

write.xlsx (output.bpm, "output/linear models.xlsx", sheetName="RBPM", append =
TRUE, col.names=TRUE, row.names=TRUE)

baseline.bpm <- with(data.mids, 1lm(Zbpm ~ Zage + sos3 + meaneducation))
output.bbpm <- c(summary(pool (baseline.bpm), conf.int = TRUE),
pool.r.squared(baseline.bpm))

write.xlsx (output.bbpm, "output/linear models.xlsx", sheetName="Baseline BPM",
append = TRUE, col.names=TRUE, row.names=TRUE)



##KIDSCREEN-model

mod.kidscreen <- with(data.mids, 1lm(Zkidscreen ~ Zage + sos3 + Zmeaneducation
+ ZR bscore + Zgsrs))

output.kidscreen <- c(summary(pool (mod.kidscreen), conf.int = TRUE),
pool.r.squared(mod.kidscreen))

write.xlsx (output.kidscreen, "output/linear models.xlsx",
sheetName="KIDSCREEN", append = TRUE, col.names=TRUE, row.names=TRUE)

baseline.kidscreen <- with(data.mids, lm(Zkidscreen ~ Zage + sos3 +
Zmeaneducation))

output.bkidscreen <- c(summary(pool (baseline.kidscreen), conf.int = TRUE),
pool.r.squared(baseline.kidscreen))

write.xlsx (output.bkidscreen, "output/linear models.xlsx", sheetName="Baseline
KIDSCREEN", append = TRUE, col.names=TRUE, row.names=TRUE)

##PSI-model

mod.psi <- with(data.mids, Im(Zpsi ~ Zage + sos3 + Zmeaneducation + ZR bscore
+ Zgsrs))

output.psi <- c(summary(pool(mod.psi), conf.int = TRUE),
pool.r.squared(mod.psi))

write.xlsx (output.psi, "output/linear models.xlsx", sheetName="PSI", append =
TRUE, col.names=TRUE, row.names=TRUE)

baseline.psi <- with(data.mids, 1m(Zpsi ~ Zage + sos3 + Zmeaneducation))
output.bpsi <- c(summary(pool (baseline.psi), conf.int = TRUE),
pool.r.squared(baseline.psi))

write.xlsx (output.bpsi, "output/linear models.xlsx", sheetName="Baseline PSI",
append = TRUE, col.names=TRUE, row.names=TRUE)

##Curiosity model

mod.cur <- with(data.mids, 1Im(Zcur ~ Zage + sos3 + Zmeaneducation + ZR bscore
+ Zgsrs))

output.cur <- c(summary(pool (mod.cur), conf.int = TRUE),
pool.r.squared(mod.cur))

write.xlsx (output.cur, "output/linear models.xlsx", sheetName="Curiosity'",
append = TRUE, col.names=TRUE, row.names=TRUE)

baseline.cur <- with(data.mids, lm(Zcur ~ Zage + sos3 + Zmeaneducation))
output.bcur <- c(summary(pool (baseline.cur), conf.int = TRUE),
pool.r.squared(baseline.cur))

write.xlsx (output.bcur, "output/linear models.xlsx", sheetName="Baseline
Curiosity'", append = TRUE, col.names=TRUE, row.names=TRUE)

##3SB5

mod.sb5 <- with(data.mids, 1Im(sb5 ~ Zage + sos3 + Zmeaneducation + ZR bscore +
Zgsrs))

output.sb5 <- c(summary(pool (mod.sb5), conf.int = TRUE),
pool.r.squared(mod.sb5))

write.xlsx (output.sb5, "output/linear models.xlsx", sheetName="sb5", append =
TRUE, col.names=TRUE, row.names=TRUE)

baseline.sb5 <- with(data.mids, 1lm(sb5 ~ Zage + so0s3 + Zmeaneducation))
output.bsb5 <- c(summary(pool (baseline.sb5), conf.int = TRUE),
pool.r.squared(baseline.sbb))

write.xlsx (output.bsb5, "output/linear models.xlsx", sheetName="Baseline sbb",
append = TRUE, col.names=TRUE, row.names=TRUE)



##CANTAB

mod.cantab <- with(data.mids, lm(cantab ~ Zage + sos3 + Zmeaneducation +
ZR _bscore + Zgsrs))

output.cantab <- c(summary(pool (mod.cantab), conf.int = TRUE),
pool.r.squared(mod.cantab))

write.xlsx (output.cantab, "output/linear models.xlsx", sheetName="cantab'",
append = TRUE, col.names=TRUE, row.names=TRUE)

baseline.cantab <- with(data.mids, Im(cantab ~ Zage + sos3 + Zmeaneducation))
output.bcantab <- c(summary(pool (baseline.cantab), conf.int = TRUE),
pool.r.squared(baseline.cantab))

write.xlsx (output.bcantab, "output/linear models.xlsx", sheetName="Baseline
cantab", append = TRUE, col.names=TRUE, row.names=TRUE)

##9hpt

mod.%hpt <- with(data.mids, 1m(Z9HPT ~ Zage + sos3 + Zmeaneducation +
ZR_bscore + Zgsrs))

output.%hpt <- c(summary(pool (mod.%hpt), conf.int = TRUE),
pool.r.squared(mod. 9hpt))

write.xlsx (output.%hpt, "output/linear models.xlsx", sheetName="%hpt", append
= TRUE, col.names=TRUE, row.names=TRUE)

baseline.%pt <- with(data.mids, 1Im(Z9HPT ~ Zage + sos3 + Zmeaneducation))
output.b%hpt <- c(summary(pool (baseline.%hpt), conf.int = TRUE),
pool.r.squared(baseline. Shpt))

write.xlsx (output.bShpt, "output/linear models.xlsx", sheetName="Baseline
9hpt", append = TRUE, col.names=TRUE, row.names=TRUE)

####STRUCTURAL EQUATION MODELING####

###SEM-models for investigating relationship between variables for
psychological functioning and gluten sensitivity.

sink ("output/SEM analyses.txt")

###SEM-model investigating facets of psychological functioning
print ("ELEMENT \n'")

model.element <- '

# measurement model

glutenprob =~ gsrs + R Dbscore
g =~ gscore

hrgol =~ kidscreen
parentstress =~ psi

behavior =~ bpm

curiosity =~ cur

# regressions

g ~ glutenprob

hrgol ~ glutenprob

curiosity ~ glutenprob

parentstress ~ glutenprob

behavior ~ glutenprob

# residual correlations

glutenprob ~~ Age + sos3 + meaneducation
g ~~ Age + sos3 + meaneducation

hrgol ~~ Age + sos3 + meaneducation
parentstress ~~ Age + sos3 + meaneducation
behavior ~~ Age + sos3 + meaneducation
curiosity ~~ Age + sos3 + meaneducation



require (lavaan)

out.elements <- runMI (model.element,
data = data.mids,
fun = "sem",
meanstructure=TRUE)

summary (out.elements)

##printing estimates and outcomes for model elements
fitMeasures (out.elements, c("chisg", "df", "pvalue", "cfi", "rmsea),

output = "matrix")
print (fitMeasures (out.elements, c("chisg", "df", "pvalue'", "cfi", "rmsea"),
output = "text"), add.h0 = TRUE)

parameterEstimates (out.elements)

###SEM-model with latent variables
print ("TOTAL \n")

model.total <- '

#measurement model

glutenprob =~ gsrs + R bscore
psychfunctioning =~ gscore + kidscreen + bpm + psi + cur
#regressions

psychfunctioning ~ glutenprob
#residual correlations
glutenprob ~~ Age + so0s3 + meaneducation
psychfunctioning ~~ Age + sos3 + meaneducation
]
require (lavaan)
out.total <- runMI (model.total,
data = data.mids,
fun = "senm",
meanstructure=TRUE)
summary (out.total)

##printing estimates and outcomes for model total
fitMeasures (out.total, c('"chisqg", "df", "pvalue", "cfi", "rmsea"),

output = "matrix")
print (fitMeasures (out.total, c("chisg", "df", "pvalue'", "cfi", "rmsea"),
output = "text"), add.h0 = TRUE)

parameterEstimates (out.total)

###SEM-model with latent g-structure

print ("G-structure \n")

model.total <- '

#measurement model

glutenprob =~ gsrs + R Dbscore

psychfunctioning =~ kidscreen + bpm + psi + cur
cognitive =~ Z9HPT + cantab + sbb

#regressions

psychfunctioning ~ glutenprob

#fresidual correlations

glutenprob ~~ Age + so0s3 + meaneducation
psychfunctioning ~~ Age + sos3 + meaneducation
cognitive ~~ Age + so0s3 + meaneducation



require (lavaan)

out.cog <- runMI (model.total,
data = data.mids,
fun = "sem",
meanstructure=TRUE)

summary (out.cog)

##printing estimates and outcomes for model total

fitMeasures(out.cog, c('"chisg", "df", "pvalue", "cfi", "rmsea"),

output = "matrix")
print (fitMeasures (out.cog, c("chisg", "df", "pvalue", "cf
output = "text"), add.h0 = TRUE)
parameterEstimates (out.coq)

sink ()

####MEDIATION MODELS IN LAVAAN####
sink("output/Mediation analyses.txt")

#Mediation analysis with latent dependent variable
print ("MEDIATION WITH LATENT CONSTRUCT\n")
model.mediation.lat <- '

# measurement model latent variable
Glutensensitivity =~ gscore + R bscore
#direct effect

gscore ~ c*Glutensensitivity

#mediator

cur ~ a*Glutensensitivity

gscore ~ b*cur

#indirect effect

indirect := a * Db

#Total effect

totalE := ¢ + (a*b)

#residual correlations

gscore ~~ Age + sos3+ meaneducation

R bscore ~~ Age + sos3+ meaneducation

gsrs ~~ Age + sos3+ meaneducation

cur ~~ Age + sos3+ meaneducation
]

'll’ "rmsea"),

outl <- runMI (model.mediation.lat, data = data.mids, fun="cfa", meanstructure

= TRUE)

summary (outl)

print (fitMeasures (outl, c("chisg", "df", "pvalue", "cfi",
output = "text"), add.h0 = TRUE)

parameterEstimates (outl)

#Mediation analysis

print ("MEDIATION WITHOUT LATENT CONSTRUCT\n")
model.mediation <-

"#direct effect

gscore ~ cl*R bscore + c2*gsrs

#mediator

cur ~ al*R bscore + a2*gsrs

gscore ~ b*cur

#indirect effect

"rmsea),



indirectB := al * b
indirectG := a2 * b
#contrasts

contrast := al*b - a2*b
#Total effect

totalB := cl + (al*b)
totalG := c2 + (a2*b)

#residual correlations

gscore ~~ Age + sos3+ meaneducation

R bscore ~~ Age + sos3+ meaneducation
gsrs ~~ Age + sos3+ meaneducation

cur ~~ Age + sos3+ meaneducation

A\l

require (lavaan)

out2 <- runMI (model.mediation, data = data.mids, fun="cfa'",
TRUE)

summary (out2, standardized=TRUE)

unclass (vcov (out2))

meanstructure

fitMeasures(out2, c("chisqg", "df", "pvalue", "cfi", "rmsea'), output =

"matrix")

print (fitMeasures (out2, c("chisqg", "df", "pvalue", "cfi", "rmsea'),

output = "text"), add.h0 = TRUE)
parameterEstimates (out?2)
# running model with MI (from article)

fitmeasures(out2, c("chisqg", "df", "pvalue", "cfi", "rmsea"),

output = "matrix")

#OUT: Numbers not semplot maybe later significance indirect effect alle

correlasjonene a,b og c paths

#fit <- sem(model.mediation,data=completed) #check if correct dataframe

#summary (fit)
#Summary (fit, standardized=T, fit.measures=T, rsg=T)
sink ()

#Inderect effect bscore path
ifdasssdasadadddssatatasata R RARAEEAERER LSS
# This code can be edited in this window and #
# submitted to Rweb, or for faster performance #
# and a nicer looking histogram, submit #
# directly to R. #
ifdasssdasadadsdasasatssatA R RARARAEERERESEEEEEE
require (MASS)
a=-0.004
b=0.082
rep=20000
conf=95
pest=c(a,b)
acov <- matrix(c(

0.0005028816, -0.0000161497,

-0.0000161497, 0.05272927
), 2,2)
mcmc <- mvrnorm(rep,pest,acov,empirical=FALSE)
ab <= mcmc[, I]*mcmc|[, 2]
low=(l-conf/100)/2
upp=((l-conf/100)/2)+(conf/100)



LL=quantile (ab, low)

UL=quantile (ab, upp)

LL4=format (LL,digits=4)

UL4=format (UL,digits=4)

FHESFS A A A AR

# The number of columns in the histogram can #
# be changed by replacing 'FD' below with #
# an integer value. #

#H# At A
hist (ab,breaks="'FD',col="skyblue',xlab=paste(conf,'% Confidence Interval
','LL',LL4,' UL',UL4),

main='Distribution of Indirect Effect')

#Inderect effect GSRS path
#HAH AR AR
# This code can be edited in this window and #
# submitted to Rweb, or for faster performance #
# and a nicer looking histogram, submit #
# directly to R. #
#HAS AR AR AR
require (MASS)
a=0.142
b=0.082
rep=20000
conf=95
pest=c(a,b)
acov <- matrix(c(

0.05140909, 0.00058858¢6¢6,

0.0005885866, 0.05272927
), 2,2)
mcmc <- mvrnorm(rep,pest,acov,empirical=FALSE)
ab <= mcmc[, 1]1*mcmc[, 2]
low=(l-conf/100)/2
upp=((l-conf/100)/2)+(conf/100)
LL=quantile (ab, low)
UL=quantile (ab, upp)
LL4=format (LL,digits=4)
UL4=format (UL,digits=4)
gzt Esa s d LA EA AR AR AR LA EEEEEEE

# The number of columns in the histogram can #
# be changed by replacing 'FD' below with #
# an integer value. #

izt LA EEEELEEEEEEEEEEEEEEEEEEE
hist (ab,breaks="'FD',col="skyblue',xlab=paste(conf,'® Confidence Interval
','LL',LL4,' UL',UL4),

main='Distribution of Indirect Effect')

#Mediation analasys of data.full

sink ("output/Model ABC paths.txt")

#Linear regressions

# model 1 C path

print ("Model 1 c path:")

fitlm <- with(data.full, Im(gscore ~ Age + sos3 + meaneducation + R bscore))
fitl <- pool(fitlm)

summary (fitl, conf.int=TRUE)



print ("RSQUARED:")
print(pool.r.squared(fitlm))

# model 2 a path

print ("Model 2 a path:")

fit2m <- with(data.full,lm(Zcur ~ Age + sos3 + meaneducation + R Dbscore))
fit2 <= pool (fit2m)

summary (fit2, conf.int=TRUE)

print ("RSQUARED: ")

print(pool.r.squared(fit2m))

#model 3 b path

print("Model 3 b path:")

fit3m <- with(data.full,lm(gscore ~ Age + sos3 + meaneducation + R bscore +
zcur, data = full))

fit3 <= pool(fit3m)

summary (fit3, conf.int=TRUE)

print ("RSQUARED:")

print(pool.r.squared(fit3m))

sink ()

####VALIDITY ANALYSIS OF COMPOSITES####
sink("output/CFA.txt")

##CFA BPM

print ("BPM \n'")

model.bpm <- '

internalizing =~ bpm9 + bpmll + bpml2 + bpml3 + bpml8 + bpml9
externalizing =~ bpm2 + bpm6 + bpm7 + bpm8 + bpml5 + bpml6 + bpml7
attention =~ bpml + bpm3 + bpm4 + bpm5 + bpml0 + bpmli4

BPM =~ internalizing + externalizing + attention
A\l

fit.bpm <- runMI (model.bpm, data=data.mids, fun="cfa')
summary (fit.bpm, fit.measures=TRUE, standardized=TRUE)

##CFA I/D-YC Epistemic curiosity

print ("I/D-YC \n")

model.cur <- '

curiosity =~ curl + cur?2 + cur3 + cur4 + cur5 + cur6 + cur?7 + cur8 + cur9 +

curlO
]

fit.cur <- runMI (model.cur, data=data.mids, fun="cfa')
summary (fit.cur, fit.measures=TRUE, standardized=TRUE)

##CFA KIDSCREEN-10

print ("KIDSCREEN \n")

model.kidscreen <- '

hrgol =~ kidl + kid2 + kid3 + kid4 + kid5 + kidé + kid7 + kid8 + kid9 + kidlo0
+ kidll



fit.kidscreen <- runMI (model.kidscreen, data=data.mids, fun="cfa')
summary (fit.kidscreen, fit.measures=TRUE, standardized=TRUE)

##CFA PSI-4-SF

print ("PSI-4-SEF \n")

model.psi <= '

stress =~ psil + psi2 + psi3 + psid + psid + psi6 + psi7 + psi8 + psi9 + psil0
+ psill + psil2 + psil3 + psild + psild + psil6 + psil7 + psil8 + psil9 +
psi20 + psi2l + psi22 + psi23 + psi24 + psi25 + psi26 + psi27 + pPsi28 + psi29
+ psi30 + psi31 + psi32 + psi33 + psi34 + psi35 + psi36

]

fit.psi <- runMI(model.psi, data=data.mids, fun="cfa")
summary (fit.psi, fit.measures=TRUE, standardized=TRUE)

##CFA GSRS

print ("GSRS \n")

model.gsrs <- '

gastrosymptoms =~ gsrsl + gsrs2 + gsrs3 + gsrs4 + gsrsS5 + gsrs6 + gsrsT +
gsrs8 + gsrs9 + gsrslO + gsrsll + gsrsl2 + gsrsl3 + gsrsld + gsrslb

]

fit.gsrs <- runMI(model.gsrs, data=data.mids, fun="cfa")

summary (fit.gsrs, fit.measures=TRUE, standardized=TRUE)

##CFA GSRS

print ("GSRS rev \n'")

model.gsrsrev <- '

gastrosymptoms =~ gsrs6 + gsrs8 + gsrs9 + gsrslO + gsrsll + gsrsl2 + gsrsl3 +
gsrsld

]

fit.gsrsrev <- runMI(model.gsrsrev, data=data.mids, fun="cfa")
summary (fit.gsrsrev, fit.measures=TRUE, standardized=TRUE)

##CFA Gluten

print ("Gluten \n")

model.gluten <- '

glutenindiet =~ dietl0 + dietll + dietl2 + dietl5
A\l

fit.gluten <- runMI (model.gluten, data=data.mids, fun="cfa')
summary (fit.gluten, fit.measures=TRUE, standardized=TRUE)

##CFA Sleep

print ("Sleep \n")

model.sleep <- '

sleepissues =~ slpl + slp2 + slp3

fit.sleep <- runMI (model.sleep, data=data.mids, fun="cfa')
summary (fit.sleep, fit.measures=TRUE, standardized=TRUE)

##CFA composite cognitive development score

print ("G-score \n'")

model.cog <- '

Gscore =~ Zverbal + Zmatrix + ZPAL mean + ZRTI mean + ZSSPFSR + Z9HPT
fit.cog <- runMI (model.cog, data=data.mids, fun="cfa')

summary (fit.cog, fit.measures=TRUE, standardized=TRUE)



##CFA Biomarkers

print ("Biomarkers \n")

model.biomarker <- '

biomarker =~ ZIgA gluten + ZIgG gluten

]

fit.biomarker <- runMI (model.biomarker, data=data.mids, fun="cfa')
summary (fit.biomarker, fit.measures=TRUE, standardized=TRUE)
sink ()

#save
setwd ("N:/durable/Statistics/r")
saveRDS (data.mids, file="datamids.Rda ")



G5 Script R: Regression diagnostics

####PREPARING SCRIPT####
setwd ("N:/durable/Statistics/r")
data.mids <- readRDS(file="datamids.Rda")

#Defining nr of imputations, adding one for original dataset
imputations <- imp$m+1

library(R.utils)
library(mice)
library(car)
library(QuantPsyc)
library (MASS)
library(skedastic)
library(car)
library(QuantPsyc)
library(psych)
library (ggpubr)
library(tidyverse)

##Shapiro-Wilks variables

capture.output (print ("B-score"),
file="output/normality/ShapiroWilksBscore.txt")

capture.output (print ("Ranked B-score™),
file="output/normality/ShapiroWilksRankedB.txt")

capture.output (print ("Log B-score"),
file="output/normality/ShapiroWilksLogB.txt")
capture.output (print ("G-score"),
file="output/normality/ShapiroWilksGscore.txt")
capture.output (print ("Sleep"), file="output/normality/ShapiroWilksSleep.txt'")

i <=2
repeat {
if (i<=imputations) {
#Pulling imputation
imputation <- mice::complete(data.mids,i-1)
imputation <- as.data.frame (imputation)

#Calculating and printing shapiro wilks
capture.output (print (shapiro.test (imputation$bscore)),
file="output/normality/ShapiroWilksBscore.txt", append = TRUE)
capture.output (print (shapiro.test (imputation$R bscore)),
file="output/normality/ShapiroWilksRankedB.txt", append = TRUE)
capture.output (print (shapiro.test (imputation$L bscore)),

file="output/normality/ShapiroWilksLogB.txt", append = TRUE)
capture.output (print (shapiro.test (imputation$gscore)),

file="output/normality/ShapiroWilksGscore.txt", append = TRUE)
capture.output (print (shapiro.test (imputation$sleep)),

file="output/normality/ShapiroWilksSleep.txt", append = TRUE)

pdf (toString(c("output/normality/gscore”,i=1," .pdf"),sep=""))
ggggplot (imputation$gscore)

ggdensity (imputation$gscore)

dev.off ()

pdf (toString(c("output/normality/bscore”,i=1," .pdf"),sep=""))



ggqgplot (imputation$bscore)
ggdensity (imputation$bscore)
dev.off ()

pdf (toString(c("output/normality/r bscore",i-1,".pdf"),sep=""))
gggqgplot (imputation$R bscore)

ggdensity(imputation$R_bscore)

dev.off ()

pdf (toString(c("output/normality/r bscore",i-1,".pdf"),sep=""))
gggqgplot (imputation$L bscore)

ggdensity(imputation$L bscore)

dev.off ()

pdf (toString(c("output/normality/sleep",i-1," . pdf"),sep=""))
ggqgplot (imputation$sleep)

ggdensity (imputation$sleep)

dev.off ()

i =i+l
} else {
break

}

#H###ASSSUMPTIONSH## ##

##Creating loop

write(NA, file="output/assumptions/VIF.txt")
sink("output/assumptions/assumptions.txt")

##Model 1: ass.total - All variables
print("Model 1: All variables")
capture.output (print ("Model 1: All variables"),
file="output/assumptions/Durbinwatson.txt")
capture.output (print ("Model 1: All variables"),
file="output/assumptions/NCV.txt")
capture.output (print ("Model 1: All variables"),
file="output/assumptions/ShapiroWilks.txt")
capture.output (print ("Model 1: All variables"),
file="output/assumptions/Whites.txt")

i <=2
repeat {
if (i<=imputations) {
#Pulling imputation
imputation <- mice::complete(data.mids,i-1)

##Defining Model
ass.total <- Ilm(gscore + Zcur + Zbpm + Zkidscreen + Zpsi ~ Age + sos3 +
meaneducation + Zgsrs + R bscore, data=imputation)

#Multi-collinearity predictor variables (constant across)
vif.tot <= vif(ass.total)
write(vif.tot, file="output/assumptions/VIF.txt", append=TRUE)



#Shapiro-Wilks
capture.output (print (durbinWatsonTest (ass.total)),
file="output/assumptions/Durbinwatson.txt", append = TRUE)
capture.output (print (ncvTest (ass.total)),
file="output/assumptions/NCV.txt", append = TRUE)
capture.output (print (shapiro.test (ass.total$residuals)),
file="output/assumptions/ShapiroWilks.txt", append = TRUE)
capture.output (print (white Im(ass.total)),
file="output/assumptions/Whites.txt", append = TRUE)

pdf (toString(c("output/assumptions/total”™,toString (i), "plots.pdf"),sep=""))
#Non-normality
print (ggPlot (ass.total, main="00 Plot"))
# distribution of studentized residuals
sresid <- studres(ass.total)
hist(sresid, freg=FALSE,
main="Distribution of Studentized Residuals")
xfit<-seqg(min(sresid),max(sresid), length=40)
yfit<-dnorm(xfit)
lines(xfit, yfit)
# plot studentized residuals vs. fitted values
print (spreadlLevelPlot (ass.total))
#Evaluate Nonlinearity through component + residual plot
print (crPlots(ass.total))
dev.off ()

i = i+l
} else {
break

}

##Model 2: G-score model

print (" ")

print ("Model 2: G-score model")
capture.output (print ("Model 2: G-score model"),
file="output/assumptions/Durbinwatson.txt", append=TRUE)
capture.output (print ("Model 2: G-score model™),
file="output/assumptions/NCV.txt", append=TRUE)
capture.output (print ("Model 2: G-score model™),
file="output/assumptions/ShapiroWilks.txt", append=TRUE)
capture.output (print ("Model 2: G-score model"),
file="output/assumptions/Whites.txt", append=TRUE)

i <=2
repeat ({
if (i<=imputations) {
#Pulling imputation
imputation <- mice::complete(data.mids,i-1)

##Defining Model
ass.gscore <- Ilm(gscore ~ Age + sos3 + meaneducation + Zgsrs + R bscore,

data=imputation)

#Shapiro-Wilks, ncvTest, Durbin Watson Test



capture.output (print (durbinWatsonTest (ass.gscore)),
file="output/assumptions/Durbinwatson.txt", append = TRUE)
capture.output (print (ncvTest (ass.gscore)),
file="output/assumptions/NCV.txt", append = TRUE)
capture.output (print (shapiro.test (ass.gscore$residuals)),
file="output/assumptions/ShapiroWilks.txt", append = TRUE)
capture.output (print (white lm(ass.gscore)),
file="output/assumptions/Whites.txt", append = TRUE)

##Model 2: Gscore

pdf (toString(c("output/assumptions/gscore™, toString (i), "plots.pdf"),sep=""))
#Non-normality

print (ggPlot (ass.gscore, main="00 Plot"))

# distribution of studentized residuals

sresid <- studres(ass.gscore)

hist(sresid, freg=FALSE,

main="Distribution of Studentized Residuals")

xfit<-seqg(min(sresid),max(sresid), length=40)

yfit<-dnorm(xfit)

lines(xfit, yfit)

# plot studentized residuals vs. fitted values

print (spreadLevelPlot (ass.gscore))

#Evaluate Nonlinearity through component + residual plot

print (crPlots(ass.gscore))

dev.off ()

i = i+l
} else {
break
}
}

##Model 3: Curiosity

print (" ")

print ("Model 3: Curiosity™)

capture.output (print ("Model 3: Curiosity"),
file="output/assumptions/Durbinwatson.txt", append=TRUE)
capture.output (print ("Model 3: Curiosity"), file="output/assumptions/NCV.txt",
append=TRUE)

capture.output (print ("Model 3: Curiosity"),
file="output/assumptions/ShapiroWilks.txt", append=TRUE)
capture.output (print ("Model 3: Curiosity"),
file="output/assumptions/Whites.txt", append=TRUE)

i<=-2
repeat ({
if (i<=imputations) {

#Pulling imputation
imputation <- mice::complete(data.mids,i-1)

##Defining Model
ass.cur <- Im(Zcur ~ Age + sos3 + meaneducation + Zgsrs + R Dbscore,

data=imputation)

#Shapiro-Wilks, ncvTest, Durbin Watson Test



capture.output (print (ncvTest (ass.cur)), file="output/assumptions/NCV.txt",
append = TRUE)

capture.output (print (shapiro.test (ass.cur$residuals)),
file="output/assumptions/ShapiroWilks.txt", append = TRUE)

capture.output (print (durbinWatsonTest (ass.cur)),
file="output/assumptions/Durbinwatson.txt", append = TRUE)

capture.output (print (white Im(ass.cur)),
file="output/assumptions/Whites.txt", append = TRUE)

##Model 3: Curiosity
pdf (toString(c("output/assumptions/cur", toString (i), "plots.pdf"),sep=""))
#Non-normality
print (ggPlot(ass.cur, main="Q0 Plot'™))
# distribution of studentized residuals
sresid <- studres(ass.cur)
hist(sresid, freg=FALSE,
main="Distribution of Studentized Residuals")
xfit<-seqg(min(sresid),max(sresid), length=40)
yfit<-dnorm(xfit)
lines(xfit, yfit)
# plot studentized residuals vs. fitted values
print (spreadLevelPlot (ass.cur))
#Evaluate Nonlinearity through component + residual plot
print (crPlots(ass.cur))
dev.off ()

i = i+l
else {
break

—~

}

##Model 4: BPM"

print (" ")

print ("Model 4: BPM")

capture.output (print ("Model 4: BPM"),
file="output/assumptions/Durbinwatson.txt", append=TRUE)
capture.output (print ("Model 4: BPM"), file="output/assumptions/NCV.txt'",
append=TRUE)

capture.output (print ("Model 4: BPM"),
file="output/assumptions/ShapiroWilks.txt", append=TRUE)
capture.output (print ("Model 4: BPM"), file="output/assumptions/Whites.txt",
append=TRUE)

i <=2
repeat {
if (i<=imputations) {
#Pulling imputation
imputation <- mice::complete(data.mids,i-1)

##Defining Model
ass.bpm <- Im(Zbpm ~ Age + sos3 + meaneducation + Zgsrs + R bscore,
data=imputation)

#Shapiro-Wilks, ncvTest, Durbin Watson Test
capture.output (print (ncvTest (ass.bpm)), file="output/assumptions/NCV.txt",
append = TRUE)



capture.output (print (shapiro.test (ass.bpm$residuals)),
file="output/assumptions/ShapiroWilks.txt", append = TRUE)

capture.output (print (durbinWatsonTest (ass.bpm)),
file="output/assumptions/Durbinwatson.txt", append = TRUE)

capture.output (print (white Im(ass.bpm)),
file="output/assumptions/Whites.txt", append = TRUE)

##Model 4: BPM

pdf (toString(c("output/assumptions/bpm", toString (i), "plots.pdf"),sep=""))
#Non-normality

print (ggPlot (ass.bpm, main="00 Plot"))

# distribution of studentized residuals

sresid <- studres(ass.bpm)

hist(sresid, freg=FALSE,

main="Distribution of Studentized Residuals")

xfit<-seg(min(sresid),max(sresid), length=40)

yfit<-dnorm(xfit)

lines(xfit, yfit)

# plot studentized residuals vs. fitted values

print (spreadlLevelPlot (ass.bpm))

#Evaluate Nonlinearity through component + residual plot

print (crPlots(ass.bpm))

dev.off ()

1 = i+l
else {
break

e

}

##Model 5: KIDSCREEN

print (" ")

print ("Model 5: KIDSCREEN")

capture.output (print ("Model 5: KIDSCREEN"),
file="output/assumptions/Durbinwatson.txt", append=TRUE)
capture.output (print ("Model 5: KIDSCREEN"), file="output/assumptions/NCV.txt",
append=TRUE)

capture.output (print ("Model 5: KIDSCREEN"),
file="output/assumptions/ShapiroWilks.txt", append=TRUE)
capture.output (print ("Model 5: KIDSCREEN"),
file="output/assumptions/Whites.txt", append=TRUE)

i <=2
repeat {
if (i<=imputations) {
#Pulling imputation
imputation <- mice::complete(data.mids,i-1)

##Defining Model
ass.kidscreen <- Im(Zkidscreen ~ Age + sos3 + meaneducation + Zgsrs +
R bscore, data=imputation)

#Shapiro-Wilks, ncvTest, Durbin Watson Test

capture.output (print (ncvTest (ass.kidscreen)),
file="output/assumptions/NCV.txt", append = TRUE)

capture.output (print (shapiro.test (ass.kidscreen$residuals)),
file="output/assumptions/ShapiroWilks.txt", append = TRUE)



capture.output (print (durbinWatsonTest (ass.kidscreen)),
file="output/assumptions/Durbinwatson.txt", append = TRUE)

capture.output (print (white lm(ass.kidscreen)),
file="output/assumptions/Whites.txt", append = TRUE)

##Model 5: KIDSCREEN

pdf (toString(c("output/assumptions/kidscreen", toString (i), "plots.pdf"),sep="")
)

#Non-normality

print (ggPlot (ass.kidscreen, main="QQ Plot"))

# distribution of studentized residuals

sresid <- studres(ass.kidscreen)

hist(sresid, freg=FALSE,

main="Distribution of Studentized Residuals")

xfit<-seg(min(sresid),max(sresid), length=40)

yfit<-dnorm(xfit)

lines(xfit, yfit)

# plot studentized residuals vs. fitted values

print (spreadlLevelPlot (ass.kidscreen))

#Evaluate Nonlinearity through component + residual plot

print (crPlots(ass.kidscreen))

dev.off ()

1 = i+l
else {
break

e

}

##Model 6: PSI

print (" ")

print ("Model 6: PSI")

capture.output (print ("Model 6: PSIM),
file="output/assumptions/Durbinwatson.txt", append=TRUE)
capture.output (print ("Model 6: PSI"), file="output/assumptions/NCV.txt'",
append=TRUE)

capture.output (print ("Model 6: PSI"),
file="output/assumptions/ShapiroWilks.txt", append=TRUE)
capture.output (print ("Model 6: PSI"), file="output/assumptions/Whites.txt",
append=TRUE)

i <=2
repeat {
if (i<=imputations) {
#Pulling imputation
imputation <- mice::complete(data.mids,i-1)

ass.psi <- Im(Zpsi ~ Age + sos3 + meaneducation + Zgsrs + R bscore,
data=imputation)

#Shapiro-Wilks, ncvTest, Durbin Watson Test

capture.output (print (ncvTest (ass.psi)), file="output/assumptions/NCV.txt",
append = TRUE)

capture.output (print (shapiro.test (ass.psi$residuals)),
file="output/assumptions/ShapiroWilks.txt", append = TRUE)



capture.output (print (durbinWatsonTest (ass.psi)),
file="output/assumptions/Durbinwatson.txt", append = TRUE)

capture.output (print (white Im(ass.psi)),
file="output/assumptions/Whites.txt", append = TRUE)

##MODEL 6: PSI
pdf (toString(c("output/assumptions/psi", toString (i), "plots.pdf"),sep=""))
#Non-normality
print (ggPlot (ass.psi, main="00 Plot"))
# distribution of studentized residuals
sresid <- studres(ass.psi)
hist(sresid, freg=FALSE,
main="Distribution of Studentized Residuals")
xfit<-seg(min(sresid),max(sresid), length=40)
yfit<-dnorm(xfit)
lines(xfit, yfit)
# plot studentized residuals vs. fitted values
print (spreadlLevelPlot (ass.psi))
#Evaluate Nonlinearity through component + residual plot
print (crPlots(ass.psi))
dev.off ()

i = i+l
} else {
break
}
}

sink ()

#Checking linearity of data with biological data
data.original <- mice::complete(data.full,0)

ass.total2 <- lm(gscore + Zcur + Zbpm + Zkidscreen + Zpsi ~ Age + sos3 +
meaneducation + Zgsrs + R bscore, data=data.original)

ass.gscore2 <- Ilm(gscore ~ Age + sos3 + meaneducation + Zgsrs + bscore,
data=data.original)

ass.cur?2 <- Im(Zcur ~ Age + so0s3 + meaneducation + Zgsrs + bscore,
data=data.original)

ass.bpm2 <- Im(Zbpm ~ Age + sos3 + meaneducation + Zgsrs + bscore,
data=data.original)

ass.kidscreen?2 <- Im(Zkidscreen ~ Age + sos3 + meaneducation + Zgsrs + bscore,
data=data.original)

ass.psi2 <- Im(Zpsi ~ Age + sos3 + meaneducation + Zgsrs + bscore,
data=data.original)

pdf ("output/assumptions/crPlots.pdf")
print (crPlots(ass.total?))

print (crPlots(ass.gscore2))

print (crPlots(ass.cur2))

print (crPlots (ass.bpm2))

print (crPlots(ass.kidscreen?))

print (crPlots(ass.psi2))

dev.off ()

setwd ("N:/durable/Statistics/r")



dataimp <- readRDS(file="impwithz.Rda'")
standard length <- length(dataimp)

print(is.list(dataimp[1]))

#test <- list(list(standard length))

#imputethis <- lapply(l:imputations, data=NA,
nrow=observations,ncol=(standard length+new col count), function(f))

#dataimp <- as.matrix(dataimp)

participants <- length(dataimp[[111[[1]1])
print (length (dataimp))
imputations <- 20

library(lavaan)
library(mice)
library(miceadds)
library(dplyr)
library(semTools)
library (Amelia)
library(car)
library(QuantPsyc)
library(psych)
library (ggpubr)

empty vector <- vector(mode = "numeric", imputations+l)

bpms <- empty vector
kids <- empty vector
psis <- empty vector
gsrss <- empty vector
slps <- empty vector
zvin <- empty vector

zh <- empty vector

cur <- empty vector
gscore <- empty vector
bscore <- empty vector

alpha vars <- 10

df <- NULL

.imp <- vector(mode = "numeric", ((imputations+1l)*alpha vars))
.id <- vector(mode = "numeric", ((imputations+l)*alpha vars))
i <=1

repeat{

if (i<=(imputations+1)) {
##If getting error unused arguments restart session with ctrl+shift+£10
##Cronbachs alpha run in imputation

imput <- mice::complete(dataimp,i-1)
#imput <- as.data.frame (imput)
for(j in 1:length (imput)) {

imput[[j]] <- as.numeric(imput[[j]1])
}



bpms[i] <- psych::alpha(dplyr::select (imput, bpml:bpml9),check.keys=TRUE)
kids[i] <- psych::alpha(dplyr::select (imput, kidl:kidl1l), check.keys=TRUE)
psis[i] <- psych::alpha(dplyr::select(imput, psil:psi36),check.keys=TRUE)
gsrss[i] <- psych::alpha(dplyr::select (imput,
gsrsl:gsrsl5),check.keys=TRUE)
slps[i] <- psych::alpha(dplyr::select (imput, slpl:slp3),check.keys=TRUE)
zvm[i] <- psych::alpha(dplyr::select (imput, Zverbal, Zmatrix, ZPALFAMS,
ZPALTEA28, ZRTIFMDMT, ZRTIFMDRT, ZSSPFSR, Z9HPT),check.keys=TRUE)
zh[i] <- psych::alpha(dplyr::select(imput, ZIgA gluten,
ZI1gG_gluten), check.keys=TRUE)
cur[i] <- psych::alpha(dplyr::select(imput, curl, cur2, cur3, curéd4, curb,
cur6, cur?7, cur8, cur9, curl0),check.keys=TRUE)

gscore[i] <-
psych::alpha(dplyr::select (imput, Zmatrix, Zverbal, ZRTI mean, ZPAL mean, ZSSPFSR, Z
9HPT) , check.keys=TRUE)

bscore[i] <-
psych::alpha(dplyr::select (imput,R IgA gluten,R IgG gluten),check.keys=TRUE)

for(j in l:alpha vars){
.imp[ (alpha vars*(i-1))+j] <- i-
}
for(j in l:alpha vars){
.id[(alpha _vars*(i-1))+j] <- j
}

rbind (df,bpms[[1]]) -> df
rbind(df, kids[[1]1]) -> df
rbind(df,psis[[1i]]) -> df
rbind(df,gsrss[[i]]) -> df
rbind(df,slps[[i]]) -> df
rbind(df, zvm[[1]]) -> df
rbind(df,zh[[1]]) -> df
rbind(df,cur[[1i]]) -> df
rbind(df,gscore[[1]]) -> df
rbind(df,bscore[[1]]) -> df

i<- i+

}else({
break
}
}

df$.imp <- .imp
df$.id <- .id

bpmsf <- empty vector
kidsf <- empty vector
psisf <- empty vector
gsrssf <- empty vector
slpsf <- empty vector
zvmf <- empty vector
zhf <- empty vector
curf <- empty vector



gscoref <- empty vector
bscoref <- empty vector

sink("output/normality/alphas.txt")

### PRINTING ALPHAS

for(i in 1:(length(kids))){
bpmsf[i] <- bpms[[i]]["raw alpha"]
kidsf[i] <- kids[[i]]["raw alpha"]
psisf[i] <- psis[[i]]["raw alpha"]
gsrssf[i] <- gsrss[[i]]["raw alpha"]
slpsf[i] <- slps[[i]]l["raw alpha"]
zvmf[i] <- zvm[[i]]["raw alpha"]
zhf[i] <- zh[[i]]["raw alpha"]
curf[i] <- cur[[i]]["raw alpha"]
gscoref[i] <- gscore[[i]]["raw alpha"l
bscoref[i] <- bscore[[i]]["raw alpha"]

}

bpmsf <- as.numeric (bpmsf)
kidsf <- as.numeric(kidsf)
psisf <- as.numeric(psisf)
gsrssf <- as.numeric(gsrssf)
slpsf <- as.numeric(slpsf)
zvmmf <- as.numeric (zvmf)

zhf <- as.numeric(zhf)

curf <- as.numeric(curf)
gscoref <- as.numeric(gscoref)
bscoref <- as.numeric (bscoref)

bpmsf <- mean (bpmsf)
kidsf <- mean (kidsf)
psisf <- mean(psisf)
gsrssf <- mean(gsrssf)
slpsf <- mean(slpsf)
zvmf <- mean (zvmf)

zhf <= mean (zhf)

curf <- mean (curf)
gscoref <- mean(gscoref)
bscoref <- mean (bscoref)

print ("RAW™)

print (toString(c("bpm: ",bpmsf)))
print (toString(c("kid: ",kidsf)))
print(toString(c("psi: ",psisf)))
print (toString(c("gsrss: ",gsrssf)))
print(toString(c("slp: ",slpsf)))
print (toString(c("Zvm: ",zvmf)))

print (toString(c("Zh: ",zhf)))
print(toString(c("Cur: ",curf)))
print(toString(c("Gscore: ",gscoref)))
print(toString(c("Ranked Bscore: ",bscoref)))

for(i in 1:(length(kids))) {
bpms[i] <- bpms[[i]]["std.alpha']
kids[i] <- kids[[i]]["std.alpha"]
psis[i] <- psis[[i]l]["std.alpha"]



gsrss[i] <- gsrss[[i]]["std.alpha"]

slps[i] <- slps[[i]l]["std.alpha"]

zvm[i] <= zvm[[i]]["std.alpha"]

zh[i1i] <= zh[[i]]["std.alpha']

cur[i] <- cur[[i]l]l["std.alpha"]

gscore[i] <- gscore[[i]]["std.alpha™]

bscore[i] <- bscore[[i]]["std.alpha"]
}

bpms <- as.numeric (bpms)
kids <= as.numeric (kids)
psis <- as.numeric(psis)
gsrss <- as.numeric(gsrss)
slps <- as.numeric(slps)

zvm <= as.numeric (zvm)

zh <- as.numeric(zh)

cur <- as.numeric(cur)
gscore <- as.numeric(gscore)
bscore <- as.numeric(bscore)

bpms <- mean (bpms)
kids <- mean (kids)
psis <- mean(psis)
gsrss <- mean (gsrss)
slps <- mean(slps)

zvm <- mean (zvm)

zh <- mean (zh)

cur <- mean(cur)
gscore <- mean(gscore)
bscore <- mean (bscore)

print ("STD™)

print (toString(c ("bpm: ",bpms)))
print(toString(c("kid: ",kids)))
print(toString(c("psi: ",psis)))
print(toString(c("gsrss: ",gsrss)))
print (toString(c("slp: ",slps)))
print (toString(c("Zvm: ",zvm)))
print(toString(c("zh: ",zh)))
print(toString(c("Cur: ",cur)))

print(toString(c("Gscore: ",gscore)))
print (toString(c ("Ranked Bscore: '",bscore)))
sink ()

#TEST OF NORMALITY
#comp <- mice::complete (dataimp, 'long', include=TRUE)

sink("output/normality/shapiro.txt")

i <= 1

#for(i in 1: (imputations+1)) {

###4# REPEAT THIS SECTION MANUALLY ONCE FOR EACH IMPUTATION +1(Yes, it needs to
be done manually to work)

imput <- mice::complete(dataimp,i-1)

imput <- as.data.frame (imput)

# for(j in l:length (imput)) {

# imput[[j]] <- as.numeric (imput[[]]])



# 0}

pdf (toString(c("output/normality/gscore",i=1," .pdf"),sep=""))
ggqgplot (imput$gscore)

ggdensity (imput$gscore)

dev.off ()

pdf (toString(c("output/normality/R bscore",i-1,".pdf"),sep=""))
ggggplot (imput$R bscore)

ggdensity (imput$R bscore)

dev.off ()

pdf (toString(c("output/normality/bscore”,i-1," .pdf"),sep=""))
ggggplot (imput$bscore)

ggdensity (imput$bscore)

dev.off ()

#sink (toString(c ("output/normality/shapiros",i,".txt"),sep=""))
print (shapiro.test (imput$gscore))

print (shapiro.test (imput$R bscore))

print (shapiro.test (imput$bscore))

#sink ()
1 <= i+l
print (i)
##HHH

#1

sink ()



Appendix H: Supplementary tables

Table H1: Linear models of confounding variables and measures of psychological
functioning

95% CI
Coefficient  LL UL SE df p Model »°
Covariate model 1: CM-score 24
Intercept -0.41 -1.00 0.17 027 1521 .151
Age? 0.11 -0.22 0.44 0.15 1530 .500
Gender 0.58 -0.19 1.35 036 1520 .132
Parent's education * 0.09 -0.29 047 0.18 15.07 .611
Covariate model 2: Brief Problem Monitor 10
Intercept 1.13 -1.00 326 1.00 15.23 .277
Age? 0.17 -032 0.66 0.23 1528 .465
Gender 0.00 -1.14 1.15 054 1522 994
Parent's education * -0.37 -1.12 039 035 1520 315
Covariate model 3: KIDSCREEN-10 0.11
Intercept 0.11 -0.75 098 041 1525 785
Age? -0.31 -0.80 0.18 0.23 1529 .198
Gender -0.18 -1.33 096 054 1522 .741
Parent's education * 0.12 -0.45 0.68 027 14.82 .667
Covariate model 4: Parenting Stress Index 4™ Edition Short form 16
Intercept -0.52 -1.36 032 039 1525 .207
Age? -0.15 -0.63 0.32 0.22 1528 .498
Gender 0.84 -0.27 1.95 052 15.19 .129
Parent's education * -0.19 -0.74 037 026 14.44 485
Covariate model 5: 1/D-Young Children .08
Intercept 0.07 -0.80 095 041 15.15 .860
Age? -0.28 -0.77 0.22 023 1530 .249
Gender -0.12 -1.28 1.05 055 15.11 .835
Parent's education * 0.09 -0.49  0.67 027 1459 .743

Note. N =21. CI = confidence interval; LL = lower limit; UL = upper limit. All outcome
variables are Z-scored.

aZ-scored variables



Table H2: Factor loadings for the CM-score

Standardized
Variables Factor factor
loadings loadings SE t p

Sum score from Vocabulary subtest 1.000 0.67

Sum score from Object Series/Matrices 0.93 0.62 0.49 191 0.056
PAL mean® 0.76 0.53 048 1.72 0.085
RTI mean® 0.85 0.68 042 2.01 0.046*
SSP Forward Span Reached 0.97 0.65 0.48 2.03 0.042*
Nine-Hole Peg Test 0.99 0.65 0.50 1.96 0.042*

Note: PAL = Paired Associates Learning; RTI = Reaction Time Index; SSP = Spatial Span.

? Averaged composite created from PAL First Attempt Memory Score and PAL Total

Errors (Adjusted)

® Averaged composite created from RTI Median Five-Choice Reaction Time and RTI

Median Five-Choice Reaction Time

*p <.05.

Table H3: Pearson Product Moment Correlations between known confounders and

psychometric and biological measures.

Age Gender Parent’s level of education
Biomarker composite * .04 -.12 .35
Anti-gliadin IgA ® 10 -.07 25
Anti-gliadin IgG*? -.02 -.13 32
Gastrointestinal symptom rating scale 28 -31 -.12
CM-score 15 A45% 32
Brief Problem Monitor 16 -.13 -.26
KIDSCREEN-10 -30 -.03 .06
Parenting Stress Index 4 Short form -.17 32 .00
I/D-YC epistemic curiosity -.28 -.01 .05

Note: N =21.
4 Rank transformed variables.

*p <.05. ** p<01.



Table H4: Pearson product moment correlation coefficients and Spearman’s rank correlation coefficient between measures of NCGS and

psychological functioning on the seven participants with full biological data.

1 2 3 4 5 6 7 8 9
1. Biomarker composite * - 75 42 31 -.55 .76 -51 -.58 -.39
2. Anti-gliadin IgA ? .73 - -.16 22 -.56 89** .08 .02 -.46
3. Anti-gliadin IgG * 51 -22 - .09 -.19 .04 -.92% - 87** 23
4. Gastrointestinal symptom rating scale ® 12 -.14 34 - .58 .54 -.46 -.44 -.86%*
5. CM-score® -.50 -.63 .07 .80* - -.29 -.05 -.01 -41
6. Brief Problem Monitor " .67 98*  -25 .08 -.50 - -.25 -.29 -.64
7. KIDSCREEN-10° -.93* -50 -.67 -45 .14 -.55 - - .60
8. Parenting Stress Index 4 Short form ® -.94% =72 -42 .08 .64 -.70 .84* - 22
9. I/D-YC epistemic curiosity ° -.35 -31 -.12 -.89** -.53 -.53 .14 .16 -

Note. N =21. Spearman’s p correlations are in the top right section of the matrix (grey). Pearson’s » correlations are in the bottom left section

(white). Age, gender, and parent’s level of education were included as partial correlations when calculating all correlations.

# Ranked version of variables used in both correlation analyses.

b Ranked version of variables only used when calculating Spearman’s p.

*p <.05. ** p <01



