Universiteit

w4 Leiden
The Netherlands

Neurodevelopmental impact of sex chromosome trisomy in
young children: the regulation of emotion, cognition, and

behavior
Kuiper, K.C.

Citation

Kuiper, K. C. (2023, September 6). Neurodevelopmental impact of sex
chromosome trisomy in young children: the regulation of emotion, cognition,
and behavior. Retrieved from https://hdl.handle.net/1887/3638781

Version: Publisher's Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3638781

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3638781




Early developmental impact of

sex chromosome trisomies on Attention
Deficit-Hyperactivity Disorder
symptomology in young children

Published as:

Kuiper, K., Swaab, H., Tartaglia, N., & van Rijn, S. (2021). Early developmental
impact of sex chromosome trisomies on attention deficit-hyperactivity
disorder symptomology in young children. American Journal of Medical
Genetics Part A, 185A: 3664 3674. https://doi.org/10.1002/ajmg.a.62418



Abstract

Individuals with sex chromosome trisomies ([SCT], XXX, XXY, and XYY) are at
increased risk for neurodevelopmental problems, given that a significant
portion of the sex chromosome genes impact brain functioning. An elevated
risk for psychopathology has also been described, including Attention Deficit-
Hyperactivity Disorder (ADHD). The present study aimed at identifying early
markers of ADHD, providing the first investigation of ADHD symptomology
in very young children with SCT. The variety, type, and severity of ADHD
symptomology in 1-to-6-year-old children with SCT (n=104) were compared
with population-based controls (n=101) using the Strengths and Weaknesses of
ADHD symptoms and Normal-behavior (SWAN) parent-report questionnaire.

ADHD symptomology was significantly more prevalent in SCT and already
present from toddlerhood on, compared to controls. ADHD inattention symptoms
were significantly increased in all karyotypes (XXX, XXY, XYY), boys with XYY
also showed significantly more hyperactivity/impulsivity symptoms than
controls. Inattentiveness was more pronounced with increasing age for SCT,
in contrast to controls. Within the SCT group, 24% of the children had significantly
elevated ADHD symptoms at a clinical level. Already from an early age on, SCT
is associated with a risk for ADHD, suggesting that its neurodevelopmental risk
lies anchored in early brain maturation. Studying this genetically vulnerable
population allows for the prospective study of risk markers to facilitate early and
preventive interventions.



ADHD-SYMPTOMOLOGY

Early Developmental Impact of Sex Chromosome
Trisomies on Attention Deficit-Hyperactivity
Disorder Symptomology in Young Children

Sex chromosome trisomies (SCT) are among the most common chromosomal
aneuploidies in humans (Hong & Reiss, 2014), with an estimated prevalence
around 1 in 650 to 1,000 live births (Berglund et al,, 2019; Bojesen et al,, 2003;
Croth et al,, 2013; J. K. Morris et al,, 2008). Karyotypes that result from SCT are
47XXY (Klinefelter's syndrome) and 47XYY (XYY syndrome) in males, and
47 XXX (Trisomy X syndrome) in females. Many individuals with SCT experience
a significant delay in diagnosis or even non-diagnosis throughout life: estimates
of non-diagnosis for all three trisomies range from 12% to 25% (Berglund et al,,
2019; Bojesen et al, 2003). Clinically, SCT is characterized by mild, variable, and
mostly non-specific physical features, including minimal facial dysmorphisms,
tall stature, and abnormal muscle tone (hypotonia)(Tartaglia et al,, 2020). The
clinical presentation of SCT is considered to be diverse and heterogeneity in
behavioral and cognitive outcomes is rather rule than exception (Giltay &
Maiburg, 2010; Groth et al, 2013; Tartaglia et al,, 2010). Whilst knowledge of
the somatic phenotype of SCT is amply available, more research on specific
domains of the neurocognitive and neurobehavioral profile is needed (Pieters
et al, 2011). This is especially important considering that a significant fraction
of genes on the X chromosome have been linked to brain functioning and
X-chromosome genes are nearly six times more likely to be involved in cognitive
performance than genes on the autosomes (Zechner et al,, 2001).

Interestingly, neuroimaging studies in individuals with SCT have shown
that the X and Y chromosomes impact brain circuits involved in self-regulation
(Hong & Reiss, 2014), which refers to regulation of thoughts, emotions, attention,
behavior, and impulses in order to meet goals and adequately respond to the
environment (Blair & Diamond, 2008). Such self-regulatory skills are of great
importance with regards to day to day functioning and quality of life, given
that optimal self-regulation promotes positive adjustment and adaptation,
as reflected in positive relationships, productivity, achievement, and a positive
sense of self (Blair & Diamond, 2008). From a developmental perspective,
studies have shown that self-regulation is associated with important long-term
outcomes such as mental health (Moffitt et al, 2011), social competence (Bradley
& Corwyn, 2013, 2007), and academic achievement (Eisenberg et al, 2010;
Vazsonyl & Huang, 2010), showing that self-regulation is a vital skill to be
acquired in child development. Difficulty with self-regulation is in line with
the types of symptoms of psychopathology that have been described in SCT
(van Rijn, 2019), such as autism spectrum disorder (ASD), mood disorders, but
especially attention-deficit/hyperactivity disorder (ADHD).

27

[gV]
~
(48]
[
(2}
<
a sy
(@]




CHAPTER 2

ADHD is a neurodevelopmental disorder, which is currently defined by a
collection of persistent and impaired cognitive and behavioral symptoms,
notably inattention, hyperactivity, and impulsivity (DSM-5: APA, 2013). Self-reg-
ulation is critical for individuals with ADHD who are challenged in modulating
their feelings, thoughts, and responses. With an overall prevalence of 7.2% of
ADHD in the general population (Elsabbagh et al,, 2012), significantly elevated
clinical levels of ADHD symptoms are reported in SCT in several studies across all
three karyotypes (van Rijn, 2019). Using dimensional measures across several
studies, average estimates of clinical levels of ADHD symptoms are 35% for
47 XXY (with a range of 27-42%); 49% for 47, XXX (with a range of 27 52%); and
69% for 47XYY (with a range of 62-76%). When considering the DSM
classification, on average 43% of 47, XXY (with a range of 24-63%), 49% of 47 XXX
(with a range of 25-49%), and 36% of 47 XYY (with a range of 11-52%) meet full
diagnostic criteria for ADHD. Although the presentation of ADHD-related
symptoms is similarly variable between individuals with SCT, inattentive
symptoms are typically the most common in 47 XXY and 47XXX, whereas
47XYY boys are likely to present hyperactive/impulsive symptoms as well
(Tartaglia et al,, 2012).

Previous studies on ADHD symptomology in SCT focused on populations
with broad age-ranges, including participants from middle childhood to
adulthood. However, information on early development before the age of six
years is extremely limited (Urbanus, van Rijn, and Swaab, 2020). This is
unfortunate, given that this period in child development is marked by significant
advances in brain maturation in typically developing children (Hensch, 2004),
making it worthwhile to examine the developmental impact of brain maturation
on behavior in a genetically-at-risk population. Furthermore, because genetic
conditions such as SCT can be identified very early in development (already
prenatally), before any clinical behavioral presentation, studying young
children with SCT may help to understand the early developmental factors that
co-determine neurobehavioral pathways. This will provide further insights in
addition to what we have learned from studying children with psychopathology
according to diagnostic criteria based on behavioral presentation. The present
study was designed to investigate the developmental impact of SCT on regulation
of thoughts, emotions, attention, behavior, and impulses, as expressed in
symptoms of ADHD. Rather than considering ADHD as an all-or-none
phenomenon, the present study was targeted at examining the variation in
ADHD symptoms, which may provide a more sensitive measure of early
regulation deficiencies in young children.

Taken together, the aim of the present study was to evaluate the developmental
impact of SCT on ADHD symptoms, with regards to variety, type, and severity,
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in an international, sample of young children (1-6 years old), compared to
population-based control sample. To our knowledge, the current study is the
first to investigate the neurodevelopmental risks in terms of ADHD symptoms
of young children with SCT during toddlerhood and the preschool period.
Comparing age-related differences in a large sample of predominantly prenatally
diagnosed SCT children with control peers could provide prospective insight
into the early impact of SCT on self-regulation in the developing young brain.
Furthermore, by identifying the recruitment strategy, our study also allowed for
an empirical investigation of phenotypic differences within the SCT group. Due
to advances in non-invasive prenatal testing technology, it is expected that the
number of prenatal diagnoses of SCT will substantially increase over the coming
years (Tartaglia et al,, 2020). Knowledge on the early development is therefore also
greatly needed to guide genetic counseling and improve clinical care.

Methods

Participants

The current study is part of a larger international longitudinal study (the TRIXY
Early Childhood Study, at Leiden University in the Netherlands, including
research sites in the Netherlands and the United States of America [USA]). The
TRIXY Early Childhood Study investigates the social, emotional, and behavioral
development of young children with a trisomy of the X/Y chromosomes
(TRIXY). For the current study, children aged 1 up to and including 6 years (at
baseline) were included.

In total, 104 children with SCT with a mean age of 43.85 months (SD = 22.57,
range 11-86 months) and 101 population-based controls (control group = CG)
with a mean age of 43.30 months (SD = 19.50, range 12-77 months) participated
with their primary caregiver. Parental education of the primary caregiver,
assessed using the Hollingshead ratings of educational attainment, showed
that most of the primary caregivers had at least a post high school degree or
training (SCT: MD=5.95, SD=1.16, CG: MD=5.61, SD=1.39). The SCT and control
groups did not differ significantly with regards to age (t(203) = .186, p = .852) nor
parental education (t(203) = 1.891, p = .060). However, group differences existed
with regards to gender distribution (i.e., as expected the control group included
significantly more girls than the SCT group: X2(1, N = 205) = 12.698, p < .001). As
for the timing of SCT diagnosis, 71 children (68.3%) had a prenatal diagnosis
(i.e., because of [routine] prenatal screening, abnormal ultrasound findings, or
advanced maternal age) versus 33 children (31.7%) with a postnatal diagnosis
(i.e., because of developmental delay, physical and/or growth problems, or
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CHAPTER 2

medical concerns). More than half of children with XXY did not receive
testosterone replacement therapy (51.0%, n = 25) at any given time in their
development. With regards to ADHD-diagnosis in the family, parental reports
showed that in the SCT group 13 parents (12.5%) and 7 siblings (6.7%) had a
diagnosis of ADHD.

Children with SCT were recruited from two sites: first, the Trisomy of the X
and Y chromosomes (TRIXY) Center of Expertise at Leiden University in the
Netherlands (n = 46) that recruited children from all Dutch-speaking countries
in Western Europe, and second, the eXtraordinarY Kids Clinic in Developmental
Pediatrics at Children's Hospital Colorado in Denver, USA (n = 58) that recruited
children from across the USA. Recruitment of children with SCT took place
with the help of clinical genetics departments, pediatricians, and national
advocacy or support groups for (parents of) individuals with SCT with
recruitment flyers and postings on the internet (e.g., TRIXY website and the
eXtraordinarY Kids Facebook page). For the SCT group, ascertainment bias was
recorded and three subgroups were identified: a) ‘active prospective follow-up’
(51.0% of the SCT group), b) 'information seeking parents’ (29.8% of the SCT
group), and c) ‘clinically referred cases’ (19.2% of the SCT group). Control
participants were recruited from elementary schools and daycare centers from
the western part of the Netherlands.

All participants were Dutch- or English-speaking (child and parent) and
without history of traumatic brain injury, severely impaired hearing or sight, or
colorblindness. For children in the SCT group, trisomy in at least 80% of the
cells was confirmed by standard karyotyping. Researchers requested parents to
present a copy of the karyotyping report of the child, that was provided by their
clinician at time of diagnosis. Karyotyping of the child was done by clinical
genetic departments, based on the appropriate guidelines for chromosomal
karyotyping. The controls were not subjected to genetic screening, due to
ethical reasons. These children were considered a representation of the general
population and given the prevalence of SCT is ~1in 1000, the risk of having one
or more children with undiagnosed SCT in the control group was considered
minimal and acceptable.

Ethics and Procedure

This study was approved by the Medical Research and Ethical Committee of
Leiden University Medical Center in the Netherlands and the Colorado Multiple
Institutional Review Board (COMIRB) in the USA. Researchers from Leiden
University were responsible for project and data-management (i.e, training
and supervision of researchers, processing, and scoring of data). Written
informed consent was obtained from all parents/guardians. The primary
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caregiving parent (92% mother) of the child completed the questionnaires,
either in Dutch or in English, using the online survey software Qualtrics (http://
www.qualtrics.com/).

Instruments

ADHD Symptoms

The Strengths and Weaknesses of ADHD symptoms and Normal-behavior
(SWAN) was selected as a screening tool for ADHD symptomology. The SWAN
is a parent-report questionnaire designed to reflect the entire range of attention
skills in both nonclinical as clinical populations (Swanson et al, 2012). The
SWAN rating scale provides a continuous distribution of both positive and
negative evaluations of attention behaviors (Polderman et al, 2007; Swanson et
al, 2012), by using a 7-point scale anchored to average behavior (i.e., Far Below
Average = 3, Below Average = 2, Somewhat Below Average = 1, Average = 0,
Somewhat Above Average = -1, Above Average = -2, and Far Above Average =
-3). The questionnaire consists of 18 items that reflect the 18 DSM-5 ADHD
symptoms, divided into two subscales of nine items corresponding to the
domains of Inattention (items 1-9) and Hyperactivity/Impulsivity (items 10-18).
Positive scores indicate parental report of experienced difficulty in attentional
skill above average, whereas negative scores indicate better skills than average.
The mean of all eighteen item scores results in the Combined scale score and
there are also mean total subscale scores on the Inattention items and the nine
Hyperactive/Impulsive items. The scales reportedly show good internal
consistency, validity, and reliability in different international samples and
studies (Polderman et al,, 2007; Swanson et al,, 2012, 2017). In the current study,
the internal consistency coefficients were .91 (Combined), .87 (Inattention), and
.87 (Hyperactivity/Impulsivity) which indicate good to excellent internal
validity.

Statistical Analyses

Raw Scores

For analyses, raw scores on the SWAN were used to compare SCT and CG
children. Furthermore, to assess for clinical risk, a cut-off score was used. The
cut-off scores for the SWAN subscales were calculated following guidelines of
Swanson et al. (2012), the developers of the SWAN, by using the mean + 1.65 SD
(in z-scores) from the control sample as cut-off. This method has been verified
across studies with differential methodologies and proven useful in identifying
the abnormal prevalence of ADHD symptoms in 4% of the population (for
review: see Brites et al. (2015). In the current study, cut-off scores were .52
(Inattention subscale), and .79 (Hyperactivity/Impulsivity subscale) and resulted
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CHAPTER 2

in either "below” or “at-risk” category. Also, because the items on the SWAN
contain the exact 18 DSM-5 diagnostic criteria for ADHD, participants could be
categorized into one of the DSM ADHD subtypes. This was done by following
the steps taken by Tartaglia, Cordeiro, Howell, Wilson, & Janusz (2010), who
used the predecessor of the SWAN in a similar sample. Participants were
determined to meet criteria for ADHD if they were noted to have moderate to
severe symptoms in 6 of the 9 inattentive items (ADHD-Inattentive subtype), or
in 6 of the 9 hyperactive/impulsive items (ADHD-Hyperactive Impulsive
subtype), or in 6 of the 9 items in both inattentive and hyperactive/impulsive
domains (ADHD-Combined subtype).

Age Groups

Participants were divided into three groups based on their age: a) 1-2-year-old
group (ranging 11-35 months), b) 3-4-year-old group (ranging 36-59 months),
and c) 5-6-year-old group (ranging 60-86 months).

Analyses

Statistical Package for the Social Sciences (SPSS) version 25 was used for statistical
analyses. General group comparisons were performed using independent
sample t-tests. Correlations between age and ADHD symptoms within research
groupswereinvestigated using Pearson'’s correlation analysis. Group differences
in ADHD symptoms were examined using univariate analysis of variance
(ANOVA), within each of the specific age-group, to investigate developmental
trajectory. In addressing the relation between age and ADHD symptoms,
correlational analyses within the SCT were performed without IQ as a covariate.
This approach was based on the work of Dennis et al. (2009) who have argued
that correcting for IQ may obscure developmental vulnerabilities that are due to
shared processes in terms of overall brain development, resulting in type 2
errors (false negatives). Effect sizes for t-test analyses were calculated with
Cohen's d, with .2 being a small, .5 being a medium and .8 being a large effect
(Cohen, 1977). Level of significance was set at p < .05, two-tailed. After analyses
were completed, participants with extreme outliers on one of the three SWAN
variables (2>3) were identified and all analyses were rerun without these
participants to assess their influence on the results. When applicable, the
influence of the outliers is described in the results section.
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Results

ADHD Symptomology

Table 1 shows the mean scores of the SCT group and control group on the
SWAN rating scale. Independent samples t-tests were used to test the differences
in mean scores on the SWAN (sub)scales between groups. Children with SCT
had significantly more ADHD symptoms in general and specifically more
inattentive ADHD symptoms than controls, with medium effect sizes (see Table
1). For the hyperactive/impulsive ADHD symptoms, there was no significant
difference in mean scores between children with SCT and controls.

Table 1 Means, SDs, and T-Test Statistics for SCT and CG of ADHD Symptoms

SCT CG
(N=104) (N=101) Group differences
M+ SD M+ SD t ol Cohen'sd
SWAN-Combined 03+.68 -30+.52 395 <001 6
SWAN-Inattention 09+72 -45+59 578 <001 .8
SWAN-Hyperactive/Impulsive -.02+.75 -154+.57 146 146 2

Note. SWAN: Strengths and Weaknesses of ADHD symptoms and Normal-behavior; SCT: sex
chromosome trisomies, CG: control group. Negative means represent scores above average on
the SWAN, as impairment is rated as more positive.

Karyotypes

To examine whether these increased ADHD symptoms were presentin all SCT
karyotypes, separate independent samples t-tests were performed for each
karyotype to test for mean differences on the SWAN (sub)scales. Children with
SCT were compared to their control peers matched on gender (XXX vs. XX, XXY
vs XY, and XYY vs XY). Descriptives and t-test statistics are given in Table 2.

For girls with XXX, parents reported significantly more ADHD symptoms in
generaland specifically more inattentive ADHD symptoms compared to control
girls, with medium to large effect sizes. There was no significant difference
with the control girls for hyperactive/impulsive ADHD symptoms (p = .211). For
boys with XXY, parents also reported significantly more inattentive ADHD
symptoms compared to control boys, with a medium effect size. There were no
significant differences with the control boys for hyperactive/impulsive ADHD
symptoms (t = -1.248, p = .215) and total ADHD symptoms (t = .746, p = .458).
Finally, for boys with XYY, parents reported significantly more ADHD symptoms
in general compared to control boys, with difficulties in both the inattention
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CHAPTER 2

domain as the hyperactive/impulsive domain, with large effect sizes. Thus,
increased ADHD symptoms were found in all karyotypes with difficulties
primarily in the inattention domain. In the XYY group, the ADHD symptoms
were more pronounced and included problems in the hyperactive/impulsive
domain, in addition to inattention difficulties.

Age-Related Effects

Civen the finding that increased ADHD symptoms were present in all children
with SCT with only minor karyotype specific differences and the fact that all
ages were represented equally across karyotypes, we were able to investigate
the impact of age on ADHD symptoms in the total SCT group, above and beyond
karyotype. To examine the developmental trajectory of ADHD symptoms in
children with SCT and controls, separate correlation analyses were performed
within the SCT and control groups between age and the three SWAN (sub)
scales. The results showed a significant correlation between age and inattentive
ADHD symptoms in the SCT group (r = .234, p < .02), whereas no such
relationship existed in the control group (r = .022, p = .824). Using the Fisher
r-to-z transformation, the significance of the difference between the two
correlation coefficients was tested and yielded a borderline significant difference
in strength of the correlation (z = 1.53, one-tailed p = .063). Furthermore, in both
groups there was no significant relationship between age and total ADHD
symptoms (SCT: 7= 158, p = .109, CG: r = -.040, p = .681), and age and hyperactive/
impulsive ADHD symptoms (SCT: r = .060, p = .519, CG: r = -.098, p = .331).
In other words, inattentive ADHD symptoms increased with age for children
with SCT, whilst for controls ADHD symptoms were not related to age and
appeared to present relatively similar across ages. To further identify which
specific age groups may drive differences between SCT and controls in terms
of cross-sectional age trajectory, participants were divided into three age-groups
(1-2 years, 3-4 years, 5-6 years) and separate post-hoc ANOVAs were performed
within each age-group with ADHD symptoms (SWAN Combined scale, SWAN
Inattention subscale, SWAN Hyperactive/Impulsive subscale) as dependent
variables and research group (SCT vs CG) as independent variable. Table 3 show
the descriptive statistics for all ANOVAs (also see Figure 1).

In the 1-2-year-old age group, univariate ANOVAs for the SWAN (sub)scales
indicated significant differences between SCT and controls for inattentive
ADHD symptoms only, with a large effect size. No significant group differences
between SCT and controls were found for total ADHD symptoms nor
hyperactive/impulsive ADHD symptoms. In other words, 1-2-year-olds with
SCT did not show increased hyperactivity or impulsivity but showed more
inattentiveness as compared to controls. In the 3-4-year-old and 5-6-year-old
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Combined ADHD-symptoms
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Figure 1 Mean Scores for ADHD-Symptomatology at Different Ages:
Sex Chromosome Trisomies (SCT) vs Control Group (CG)
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groups, univariate ANOVAs for the SWAN (sub)scales indicated significant
differences for total ADHD symptoms and inattentive ADHD symptoms, with
medium effect sizes in the younger group and large effect sizes in the older
group. No significant group differences were found for hyperactive/impulsive
ADHD symptoms, indicating that in 3-6-year-olds, children with SCT show
similar amounts compared to controls. In other words, the 3-6-year-old children
with SCT did not show increased hyperactivity or impulsivity compared to
controls but showed more ADHD symptoms in general and more inattentive
behaviors.

Clinical Risk

In addition to average outcomes, we were also interested how many of the
children with SCT had scores above clinical cut-off, indicating the severity of
ADHD symptoms and the increased risk for ADHD symptomatology. Based on
the cut-off score (calculated by taking the Z + 1.65 SD in the CG of each subscale),
the number of children with SCT above cut-off were divided by the total number of
SCT participants. Results indicated that 24.0% of the children with SCT showed
significant inattentive ADHD symptoms, along with 10.6% of the SCT children
having hyperactive and impulsive ADHD symptoms above clinical cut-off.

A further examination of this group of children revealed that most of the
children were older than 5 years. Because the SWAN questionnaire contains
the 18 DSM-5 diagnostic criteria for ADHD, it was also possible to categorize
these children, based on the parental report scores, into one of three subtypes
of ADHD (similar to the DSM-5 subtypes): ADHD-inattentive subtype, ADHD-
hyperactive/impulsive subtype, and ADHD-combined subtype. A fourth category
was included that represented no ADHD. For this sub-analysis, we examined
only those children with SCT of 5 years and older. Almost half (44.8%) of the
5-6-year-old children met behavioral criteria of ADHD, with 31.0% predominantly
inattentive symptoms and 13.8% presenting both inattentive and hyperactive/
impulsive symptoms (combined).

Additional Analyses

Ascertainment Bias

To examine whether ascertainment bias was relevant to the increased risk for
ADHD symptoms, three separate between-subjects ANOVAs were performed
with ADHD symptoms (SWAN Combined, Inattention, and Hyperactivity/
Impulsivity (sub)scales) as dependent variables and ascertainment bias within
the SCT group (prospective follow-up, information seeking parents, clinically
referred cases) as independent variable. Because age did not significantly differ
between the three groups, it was not included as a covariate in the analysis.
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There were no significant differences in degree of ADHD symptoms (Pillai's
trace=.052, F(6,200)=.884, p=.508): how children enrolled in the study did not
appear to affect the degree of ADHD symptoms (also see Table 4).

Table 4 Differences in ADHD Symptoms: Ascertainment Bias Within the

SCT Group
Prospective Information Clinically
follow-up  seeking parents referred cases

(N=53) (N=31) (N=20)

M+ SD M+ SD M+ SD p
SWAN Combined -034+.73 -.03+.57 30+ .68 142
SWAN Inattention 01+.78 .04+ 51 37+.78 137
SWAN Hyperactivity/ -06+.75 -10+.75 23+ .74 .248
Impulsivity

Note. SWAN: Strengths and Weaknesses of ADHD symptoms and Normal-behavior, SCT: Sex
chromosome trisomies. Negative means represent scores above average on the SWAN, as
impairment is rated as more positive.

Recruitment Site

To examine whether recruitment site was relevant in the increased risk for
ADHD symptoms in children with SCT, three separate between-subjects ANCOVAs
were performed with ADHD symptoms (SWAN Combined, Inattention, and
Hyperactivity/Impulsivity (sub)scales) as dependent variables and recruitment
site (the Netherlands, the United States of America) as independent variable.
Because age differed significantly between the two groups (i.e. SCT children
from the USA are significantly younger), it was included as a covariate in
the analysis as well. There were no significant group differences in ADHD
symptoms (Pillai's trace = .005, F(6,200) = .157, p = .925): the country from which
children were recruited and assessed did not appear to affect the degree of
ADHD symptoms. Parenting rating of ADHD symptoms were similar on all
three (sub)scales in the two research sites: total ADHD symptoms (NL: M = .07,
SD = .75, USA: M = .01, SD = .63), inattention ADHD symptoms (NL: M = .15,
SD = .85, USA: M = .04, SD = .59), and hyperactive/impulsive ADHD symptoms
(NL: M =-.01, SD = .76, USA: M = -.03, SD = .74).
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Discussion

This is one of the first case-controlled studies investigating the early impact of
SCT on regulation of thought and behavior as expressed in ADHD symptomology
in a large international sample of young children (1-6 years old). Type and
severity of ADHD symptoms were measured using a sensitive, well-known,
and widely used instrument (the SWAN rating scale), which allows for capturing
the full range of attentional behaviors that reflect symptoms of ADHD in daily
life, not limited to classification of ADHD as an all-or-none phenomenon. The
current study showed that, on average, the level of ADHD symptoms in SCT
was higher than in the general population sample, in the full 1-to-6-year age
range. More specifically, children with SCT had more behavioral challenges in
the domain of inattention reported by their parents, indicating more difficulties
with regulating their attention. Furthermore, behaviors associated with ADHD
increased with age, more strongly so in the SCT group, although differences
with control peers were already evident for the youngest age-group (1-2-year-
olds). From a clinical perspective, 24% of the children with SCT had scores in
the clinical range on parent-report, indicating significantly elevated levels of
ADHD symptoms. Levels of ADHD behaviors were largely similar across
karyotypes, although boys with an extra Y chromosome showed more and
broader impairments than children with an extra X chromosome. In addition
to inattention difficulties, boys with 47 XYY also exhibited difficulties with
hyperactivity and impulsivity. Ascertainment bias and country of recruitment
were not relevant to the increased risk of ADHD symptoms, underlining the
robustness of these findings.

The most notable finding of this study is that the increased risk for
ADHD-symptomology previously reported in older children and adults with
SCT, was already found in 1-2-year-olds with SCT. Previous studies have shown
that attentional difficulties are part of the behavioral profile of children with
SCT, with predominantly inattention behaviors and to a lesser extent
hyperactive and impulsive behavior (Ross et al,, 2012; Tartaglia et al,, 2012). The
current study suggests that these attentional difficulties already exist in very
young children with SCT, pointing to a significant neurodevelopmental risk
from toddlerhood onward. Given the fact that a significant fraction of the genes
on the sex chromosomes are involved in brain development, this elevated risk
for attentional difficulties may be one of the first signs that the child’'s genetic
makeup has impacted the brain's development and, more specifically, the brain
areas that are important for self-regulation. The self-regulation problems in this
young SCT group corresponds to what has been described in older children,
adolescents, and adults with SCT, in terms of various and diverse symptoms of
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psychopathology, such as autism spectrum disorder and ADHD. Considering
the importance of self-regulation for adaptive functioning, participation in
society, and mental health, these early signs of ADHD symptomology may
mark ‘at risk’ developmental pathways within this genetic population. It is
important to point out that although differences between children with SCT
and controls on average were significant with medium to large effect sizes,
only a subgroup of children had scores in the clinical range. Thus, while some
parents may already be recognizing some early attentional concerns in their
child compared to peers their age, there are also many parents who do not
report any or only mild concerns.

Another main finding of this study is that ADHD symptoms were more
pronounced with increasing age; in children with SCT, older age was associated
with higher levels of inattentive ADHD symptoms, whereas in controls these
symptoms presented stable across ages. Looking at the different age-groups,
the presence of ADHD symptoms was the most pronounced in the oldest
age-group of children (5-to-6-year-olds), with large effect sizes. The result that
age was significantly related to attentional self-regulatory difficulties in children
with SCT, but not in controls, could reflect increasing problems that may
emerge and present more profoundly with age. This relates to what is called the
‘growing into deficit” phenomenon (Rourke et al, 1983). As a result of neuro-
anatomical maturation, the functionality of the brain increases which is
reflected in behavioral opportunities and advancing neurocognitive functions
in the developing child. The development of neurocognitive functions occurs
in a relative stepwise pattern, in which the next step is dependent on the
succession of previous steps. Early disturbances of the neuroanatomical
growth, for a substantial part driven by genetic make-up, could therefore
impact the succession of the upcoming developmental steps. However, the
effects of some of these disturbances may only emerge into behavioral
difficulties at a later point in time when a developmental task is presented for
whichthebrainis notyet fully equipped. Also, several neurocognitive functions
come ‘online’ at different and later stages of development, due to the maturation
process of the brain, making it possible that the effect of early disturbances
may only become noticeable many years later in development. Albeit cross-
sectionally, our results indicate that self-regulation problems as expressed in
ADHD symptoms may emerge with increasing age in children with SCT, which
stresses the importance of a developmental perspective on neurobehavioral
outcome in individuals with SCT. Longitudinal studies are needed to provide
further clarity on the developmental trajectories.

The current findings contribute to a clearer understanding of the behavioral
profile of young children with SCT and specifically show that self-regulatory
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difficulties with regards to attention are part of the variability and heterogeneity
of the SCT behavioral profile. Studying children with a genetic disposition that
can be diagnosed prenatally provides a unique opportunity to examine
developmental genetic-behavioral-pathways, implementing a prospective
approach that goes beyond describing problematic behavior and instead
focuses on identifying early markers of ‘at risk’ development, irrespective of
outcomes. From a neuropsychological perspective, it is interesting to examine
which information processing deficits related to self-regulation might underly
the behavioral profile of children with SCT. Neuro-imaging studies consistently
show neuroanatomical and functional differences relative to control peers
(Hong & Reiss, 2014), addressing the relevant research question if and how
underlying neurocognitive functions might relate to the behavioral profile of
young children with SCT. Earlier studies (Lee et al, 2011; van Rijn & Swaab,
2015) have already shown that difficulties with executive functions present
across the lifespan of individuals with SCT (e.g., school-aged, adolescents, and
adults). Moreover, there is also some evidence that executive dysfunction and
self-regulation could be linked, with studies showing associations between
impaired executive functions and increasing externalizing behavior problems
symptoms of ADHD and ASD (van Rijn & Swaab, 2015). Investigating the early
relations between developing neurocognitive functions and the behavioral
profile may help in identifying children with SCT who are prone to developing
self-regulatory difficulties and may provide targets for early intervention.
Research is also needed to investigate whether the attentional difficulties in
SCT are a consequence of problems in other domains (e.g. cognitive, social, or
emotional deficits) or whether these difficulties represent a broader impairment
in regulatory skills in general. This would be interesting given that preliminary
results from the same sample of SCT children showed that the behavioral profile
of these children is diverse and heterogeneous (Urbanus, Swaab, et al, 2020),
suggesting that regulatory difficulties are present and persistent in multiple
developmental domains (e.g., social, emotional, and behavioral).

Even though the current study is the first to date that examines the development
of a large, international cohort of young children with SCT to well-matched
control peers, our findings should be interpreted in light of several limitations.
Due to the limited distribution of children with different karyotypes over the
separate age-groups, specific questions could not be examined. For example, it
mighthave been interesting to examine whether the development of attentional
difficulties across ages is similar for different karyotypes. Furthermore, the
current study examined cross-sectional differences with regards to age and
attentional behaviors. A longitudinal design is needed to add validity to the
developmental outcomes found in this study. Thirdly, although parents were
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asked to report on any known diagnosis of ADHD in the family, we did not
examine the relation between background genes and the vulnerability for
ADHD, due to limited sample size and therefore limited power to test this
hypothesis. However, now that we have established the increased risk for
ADHD in this population, an interesting follow-up question would be whether
a part of the increased risk is attributed to a genetic familiar vulnerability.
However, this calls for a meticulous designed study of background loading, in
which affected first- and second-degree family members are identified properly
and where genetic factors are related to more developmental domains, other
than ADHD alone. Lastly, the current study did not examine the effect of early
testosterone hormone treatment on the behavioral profile in the SCT subgroup
with XXY. Only a randomized and placebo-controlled trial could provide
adequate and reliable insight into the effects of testosterone in infants with
Klinefelter: one of which is currently underway (PI Davis, NCT03325647).

The results of this study also have important implications for clinical care.
Although the focus of this study was to describe the broad attentional profile of
children with SCT, rather than considering ADHD as an all-or-nothing clinical
phenomenon, and most children with SCT do not have significant problems in
this area, a subgroup of children with SCT are at a substantial risk and might
meetfulldiagnostic criteria of ADHD. Theseresultsindicate that all professionals
working with individuals with SCT should be aware of the broad behavioral
profile and provide routine monitoring and screening of (attentional) regulatory
difficulties from an early age on. Following clinical standards with regards to
ADHD assessment (e.g. diagnostic interviewing, neuropsychological assessment,
and collateral information from school and parents), an early recognition of
ADHD (symptoms) in children with SCT calls for early intervention and treatment.
Specifically neuropsychological assessment could provide useful information
on an individual's strengths and weaknesses and his/her accompanying
needs. Early intervention is important because our results show that, as
compared to children from the general population, ADHD symptoms are found
to be more pronounced with increasing age in SCT. No different from children
with ADHD without SCT, treatment for children with SCT and a clinical
diagnosis of ADHD ought to be multimodal and focused on limiting the impact
of the attentional difficulties on development. Above all, psychoeducation and
support for parents and (pre)school with frequent follow-ups should be included
in the treatment plan. Although pharmaceutical treatment is often considered
part of the treatment plan for ADHD and has been reported to be effective for
symptom improvement in older children with SCT and ADHD (Tartaglia et al,,
2012), careful consideration is needed when deciding on implementing medication
for a child in the preschool age group. It should include balancing the benefits
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and risk of medication in the important period in brain maturation of these
young children. Furthermore, cultural differences in the use of psychostimulants
may also apply. Thus, when considering pharmaceutical treatment, parents
should seek out consultation and guidance from a licensed psychiatrist or
developmental-behavioral pediatrician with experience in complex neuro-
developmental disorders.

Conclusion

To conclude, in this study it was found that young children with sex chromosome
trisomies (47, XXX, 47XXY, and 47,XYY) are at an increased risk for ADHD
symptoms, specifically inattentiveness, and that this risk is already present
from toddlerhood onwards. The elevated risk is roughly similar across all three
karyotypes, with boys with an extra Y chromosome also showing more
hyperactive/impulsive symptoms compared to controls. Moreover, the results
showed that ADHD symptoms are higher with increasing age in children with
SCT, in line with relevant self-regulation skills coming ‘'on-line’ over the course
of neurodevelopment, depending on brain maturation. The current findings
suggest that self-requlatory skills, as expressed in symptoms of ADHD, are
already impaired in young children with SCT, leading to the proposition that
neurodevelopmental problems are likely anchored in early brain development
of individuals with SCT. Furthermore, these insights give rise to the hypothesis
that the differential behavioral problems of this population in later development
might be associated to early self-regulatory difficulties. Self-regulation might
be a key factor in explaining behavioral difficulties, also because of its importance
in typical development. Future studies are necessary to examine neurocognitive
measures of self-regulation, given that different information processing deficits
could relate to the behavioral problems associated with SCT. Moreover, studies
with a longitudinal approach could provide insight into the developmental
trajectories of young children with SCT and investigate how self-regulatory
skills develop in this population as well as its predictive value over time.
Nevertheless, these early signs of self-regulatory deficits might serve as an
at-risk marker in SCT, allowing the identification of children with at-risk
development and guide preventive and early interventions optimizing outcomes
of these children. From a clinical perspective, clinicians should be aware of the
neurodevelopmental risk with regards to self-regulation in children with SCT
and monitor the neurodevelopment of these children, given that a significant
portion of these children at this young age are already at clinical risk for elevated
ADHD symptoms.
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