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Abstract

Sex chromosomal trisomies (SCT) are associated with impairments in executive
functions in school-aged children, adolescents, and adults. However, knowledge
on preschool development of executive functions is limited but greatly needed
to guide early intervention. The current study examined emerging executive
functions in young children with SCT. Participants were 72 SCT children and
70 population-based controls, aged 3 to 7 years, who completed a neurocognitive
assessment of both global executive function (MEFS) and verbal executive
function skills (NEPSY Word Generation). Caregivers completed the Behavior
Rating Inventory of Executive Function (BRIEF) questionnaire to capture
real-world behavioral manifestations of impairments in executive functions.
Results showed that impairments were significantly more prevalent in SCT
than in controls and already present from 3 years, specifically verbal executive
functions and working memory. Broader more pronounced impairments were
found in older children with SCT. Age was significantly related to executive
functions, but specific domains showed different relations with age. For example,
deficits in planning and organizing remained evident with older age in SCT
whereas it declined with age in controls. Impairments in executive functions
were present across different levels of intelligence. Already at an early age,
Iimpairments across executive functions should be considered part of the
neurodevelopmental profile of SCT, which appear more prominent at later
age. Future studies should investigate developmental pathways of executive
functions in SCT, given its relevance in cognitive, social, and emotional
development. Executive functions should be screened and monitored in children
with SCT and could be an important target of preventive intervention.



EXECUTIVE FUNCTIONS

The Developmental Impact of Sex Chromosome
Trisomies on Emerging Executive Functions in
Young Children: Evidence from Neurocognitive
Tests and Daily Life Skills

With a high prevalence of 1-2 in 1000 births, sex chromosomal trisomies (SCT)
are one of the most common chromosomal aneuploidies (Berglund et al,, 2019;
Groth et al, 2013). Karyotypes that result from SCT are 47XXY (Klinefelter
syndrome) and 47XYY (XYY syndrome) in males and 47 XXX (Trisomy X
syndrome) in females. Recent technological advances allow for safe and earlier
screening for genetic syndromes and are expected to lead to an increase of the
number of prenatally diagnosed children with SCT (Samango-Sprouse et al,
2017). This calls for more knowledge on the developmental impact of SCT
which is needed to improve genetic counselling and clinical care for children
with these conditions. Also, studying genetic conditions such as SCT from
pregnancy on provides a unique opportunity to prospectively examine early
neurocognitive development and its link to later developmental outcome.

Having an extra X or Y chromosome not only impacts physical development
but also neurodevelopmental and psychological functioning (Tartaglia et al,,
2020). This is not surprising given the high density of genes on the sex
chromosomes that are essential for brain development (Zechner et al, 2001),
putting children with SCT at increased risk for neurodevelopmental problems
(L.e, impairments of growth and development of the brain, that may lead to
differences in brain functioning and thus emotion and cognition amongst
other domain). So far, neuroimaging studies have shown that brain architecture
and functioning appears different in individuals with SCT compared to peers
from the general population (XXY: Steinman et al, 2009; XXX/XXY/XYY: Warling
et al,, 2020). Furthermore, underlying information processing difficulties are
also found in individuals with SCT with a quarter of the group showing
difficulties of clinical relevance (for a review see van Rijn, 2019). Amongst other
domains, impairments are found across executive functions whilst intellectual
functioning is usually within the typical range (although at the lower end,
particularly for verbal IQ)(XXY and XXX: Lee et al, 2011; XXY: Janusz et al, 2020).
Of relevance to the current study are studies showing neuroanatomical and
functional differences in the (pre)frontal cortex in individuals with an extra
X chromosome (Itti et al,, 2006; Lentini et al,, 2013), an area strongly involved in
executive functions (Posner & Rothbart, 2006).

The term executive functions (EF) refers to a set of interrelated cognitive
skills essential to learn, cope, and manage daily life (Diamond, 2013). Executive
functions are responsible for purposeful, goal-directed, and problem-solving
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CHAPTER 3

tasks and behavior. Several components can be identified, including attention,
inhibition, monitoring, flexibility, working memory, planning, and fluency
(Anderson, 2001). Proper executive functions are crucial when it comes to
positive childhood development: executive functions promote mental and
physical health; predict success in school and in life; and support cognitive,
social, and psychological development (Diamond, 2013). On the other hand,
impairments across executive functions are involved in many neurodevelop-
mental disorders, including attention deficit hyperactivity disorder (ADHD,
Diamond, 2005), autism spectrum disorder (ASD, Demetriou et al,, 2018), and
intellectual disabilities (Lee et al,, 2015).

Until now, studies that have examined executive functions in individuals
with an extra X or Y chromosome showed, on average, reduced executive
function performance compared to controls from the general population (for
review see Urbanus et al,, 2020). Children with SCT show more impairments
across executive functions, including attention, inhibition, mental flexibility,
working memory, and planning/problem solving (Janusz et al,, 2020; Lee et al,
2015; Ross et al,, 2008, 2009; Samango-Sprouse et al,, 2018; van Rijn & Swaab,
2015). In daily life, parents of children with an extra X chromosome (XXX and
XXY) report difficulties in (sub)domains of behavioral regulation and
meta-cognition (Janusz et al,, 2020; Lee et al, 2015). A substantial part of the
SCT group shows significant executive function difficulties, that are present
across studies and assessments. For example, 19% to 57% of children with SCT
(both Dutch and American) show a clinical score on sustained attention tasks
(Samango-Sprouse et al, 2018). Furthermore, impairments in executive
functions in children with SCT have been linked to increased externalizing
behavior problems (van Rijn & Swaab, 2015), increased social difficulties
(Skakkebeek et al,, 2017) as well as increased symptoms of ASD (van Rijn et al,
2012), psychotic symptoms such as disorganized thought (Van Rijn et al,, 2009),
and ADHD symptoms (Lee et al, 2011). It is thus not surprising that parents
frequently mention that their child’s executive dysfunction, amongst others, is
a major barrier to learning and academic development (Thompson et al,, 2021).

Previous studies that examined executive functions in the SCT population
included school-aged children, adolescents, and adults. There have been very
limited systematic studies on executive functions in early childhood,
specifically before 6 years of age and prior to starting the early school years.
However, the preschool period (the period between 3 and 6 years of age) is of
particular interest when it comes to executive functions, given its development
accelerates in the preschool years (Zelazo et al,, 2008). This acceleration is partly
due to increased connectivity between neural networks in the brain within this
period (Posner & Rothbart, 2000), as well as changes at the contextual level
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EXECUTIVE FUNCTIONS

(such as social experience (S. M. Carlson, 2005)) and other cognitive abilities
(increasing memory capacity, increasing language abilities and accelerated
information processing (Hale, 1990)). Studying this important window in child
development in individuals with SCT may help to understand the impact of an
extra X or Y chromosome on the developing brain. Differences with typically
developing peers are to be expected, given that a high density of genes on the
sex chromosomes are essential for brain development (Zechner et al, 2001),
putting children with SCT at increased risk for neurodevelopmental problems
including impairments across executive functions. Also, early identification of
these difficulties may reveal risk markers in the development of children with
an extra X or Y chromosome, that could prove helpful in identifying targets for
early intervention to improve outcomes later in life.

Assessment of executive functions usually relies on a combination of a
direct assessment of information processing skills as well as structured
behavioral observations in daily life. There is growing evidence that executive
functions represent diverse but also united constructs in early childhood
(Collette et al,, 2005; Miyake et al, 2000). This has also led to new techniques to
measure executive functions in young children, such as the Minnesota
Executive Function Scale (MEFS App™) that provides a standardized perfor-
mance-based assessment of global executive function skills, designed for
children ages 2 and up (S. M. Carlson & Zelazo, 2014). It integrates three basic
executive functions (working memory, inhibitory control, and cognitive
flexibility) into a single graded scale. Because the assessment is sensitive to age
and performance, following an adaptive testing protocol, it provides the
opportunity to assess and follow to the development of emerging executive
functions; with emerging meaning still-developing, not yet stable (Isquith etal,,
2004). In addition to the neurocognitive assessment of executive functions,
structured observations of behavioral problems in daily life are also crucial.
Parents are vital observants in providing information on the behavior of their
child to gain insight in the developing functions. To illustrate, a child that has
difficulties with cognitive flexibility may experience difficulties with a changing
caregiver or shift in routine. Using standardized parental rating systems 1s a
well-accepted evidence-based method in the assessment of social, emotional,
and behavioral functioning (Achenbach & Rescorla, 2000). In this study, both
neurocognitive tasks and structured observations are used to provide
information on executive functions in young children with SCT.

The current study is, to the best of our knowledge, the first to examine
emerging executive functions in a large, international cohort of children with
SCT between the ages of 3 to 7 years old, compared to population-based
controls. As the three trisomy karyotypes (i.e., XXX, XXY, XYY) are characterized
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CHAPTER 3

by similar neurocognitive impairments during childhood (Urbanus et al,
2020; Kuiper et al,, 2021; Bouw et al,, 2022), we grouped them into a single sex
chromosome trisomy group. The primary goal of the current study was to
investigate how executive functions present across different ages in young
children with SCT, expressed in terms of information processing skills as well
as behavioral observations. Given that executive functions in early childhood
are considered a unitary construct, we examined executive functions by
using a single performance measure that is appropriate for a large age-span.
In addition, a verbal fluency task was used to examine verbal executive
functions specifically. This task was chosen as the language domain is an
evident vulnerability in children with SCT (Urbanus, van Rijn, et al, 2020)
and we wanted to examine emerging executive functions in the context of
both verbal and non-verbal based information processing. Furthermore,
the behavioral report allowed for examination of smaller subdomains of
executive functions that could inform on specific vulnerabilities of young
children with SCT. Based on earlier research with older children and adults, we
hypothesized that even pre-school age children with SCT already experience
difficulties with executive functions.

Methods

Participants

The current study is part of a large ongoing 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). Prior studies from the TRIXY project has been published
elsewhere (see for example Bouw et al,, 2022; Kuiper et al,, 2021). For the current
study, children aged 3 up to and including 7 years (at baseline) were included.
Children were recruited from two sites: The Trisomy of the X and Y chromosomes
(TRIXY) Center of Expertise in the Netherlands that recruited children from all
Dutch-speaking countries in Western Europe (n = 39) and the eXtraordinarY
Kids Clinic in Developmental Pediatrics at Children’'s Hospital Colorado (CHC)
in Denver that recruited children from across the United States of America
(n = 33). The two clinical groups did not differ in terms of gender distribution
(x2 (1,72)= 1.346, p = .246) nor educational level of caregivers (p = .224), but
differed with respect to age with the American SCT group being on average
younger than the Dutch SCT group (t(66) = 4.486, p < .001). Children with SCT

50



EXECUTIVE FUNCTIONS

were recruited with the help of clinical genetics departments, pediatricians,
and national advocacy or support groups for (parents of) individuals with SCT
by using recruitment flyers and postings on the internet and social media.
Three different recruitment strategies were identified for the SCT group (see
Table 1): a) 'information seeking parents’, b) ‘active prospective follow-up’, and
c) ‘clinically referred cases'. Children from the control group were recruited
from day care centers, public institutions, and elementary schools from the
western part of the Netherlands by using recruitment flyers.

Intotal, 72 children with SCT and 70 age-matched controls from the general
population participated in this study with their primary caregiver. The SCT
group consisted of 27 girls with 47, XXX, 30 boys with 47,XXY, and 15 boys with
47XYY. As for the timing of SCT diagnosis, 40 children (56%) had a prenatal
diagnosis (i.e., because of [routine] prenatal screening, abnormal ultrasound
findings, or advanced maternal age) and 32 children (44%) had a postnatal
diagnosis (i.e, because of developmental delay, physical and/or growth
problems, or medical concerns). Confirmation of trisomy in at least 80% of the
cells was provided by standard karyotyping. Parents were asked to present a
copy of the karyotyping report of the child that was provided by their clinician
at time of diagnosis. Children from the control group were not subjected to
genetic screening. Given the low prevalence of SCT (~1 in 1000) in the general
population, we decided that the burn of blood draw for testing for SCT in our
control group outweighed their potential utility. We reviewed the possible risk
of having a child with undiagnosed SCT in our control group minimal and
acceptable. The majority of the children with 47, XXY (57%, n = 17) did not receive
testosterone replacement therapy at any given time in their development.
Parental education level was assessed according to the Hollingshead criteria
and ranged from category 1 (no formal education) to 7 (graduate professional
training) (Hollingshead, 1975). When the child was raised by two parents (95%),
educational level was averaged over both parents. Parental education level
varied from 4 to 7 (median 6) in the SCT group and from 2 to 7 (median 5) in
control group. All participants were Dutch- or English-speaking. Children had
no history of traumatic brain injury, severely impaired hearing or sight, or
colorblindness.

To examine the developmental impact of SCT, children were divided into
two age groups: 3-4-year-oldsand 5-to-7-year-olds (see Table 1 for demographic
variables). Groups were split at the age of 5 to ensure equal-enough sample
sizes in order to maximize statistical power. This split also optimized the
available data regarding the questionnaire data (e.g., 3-4-year-olds filled out a
different version of the BRIEF compared to the 5-to-7-year-olds). The two
age-groups were similar with respect to distribution of karyotype (x2 (2,72) =
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EXECUTIVE FUNCTIONS

2.088, p = .352) and recruitment strategy (x? (2,72) = 185, p = 912). Differences
between research groups (SCT vs controls) were investigated within the two
age-groups in terms of age, gender, and parental education level. Within the
3-4-year-old group, the SCT group included significantly more boys but
was similar to the control group with respect to age and parental education
level. In the 5-to-7-year-old group, children with SCT were significantly
older than controls but groups were similar in terms of gender and parental
education level.

Ethics and Procedure

This study was approved by the Ethical Committee of the Leiden University
Medical Center, Leiden, the Netherlands, and the Colorado Multiple Institutional
Review Board in the USA. A team of researchers, consisting of child psychologists,
research associates, and graduate students, were trained and supervised
by professionals in the field of child psychology, certified and specialized
in neuropsychological assessment. All primary caregivers signed a written
informed consent prior to assessment. Children were tested either in a quiet
room at the University (SCT: 53%, controls: 43%) or at home (SCT: 47%, controls:
57%) using written protocols detailing all procedures and verbal instructions to
standardize assessments. Researchers from Leiden University were responsible
for project and data-management (i.e, training and supervision of researchers,
processing, and scoring of data). The primary caregiver (92% female) of the
child completed the questionnaire in either Dutch or English using the online
survey software Qualtrics (http://www.qualtrics.com/).

Instruments

Executive Function Skills

Global executive function skills were measured with the Minnesota Executive
Function Scale (MEFS App™): a standardized performance-based assessment
of global executive function skills, designed for children ages 2 and up,
that is administrated on a touch-screen tablet (S. M. Carlson & Zelazo, 2014).
Administration time is usually 2 to 6 minutes (average of 4 minutes). The
reliability and validity are high and the app has been used in general and clinical
populations (S. M. Carlson & Zelazo, 2014). The MEFS App™ is a comprehensive
executive function measure that goes down to 2 years of age and spans
throughout adulthood and provides a single graded scale based on the combined
assessment of working memory, inhibitory control, and cognitive flexibility.
The MEFS assessment has increasing difficulty and is sensitive to age and
performance, according to an adaptive testing protocol based on the responses
of the child. Children are asked to sort cards into two boxes according to one
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CHAPTER 3

MEFS App™ Level 3

Figure 1 Examples of Levels of the Executive Function Task

Note. First three levels of the MEFS App™. Children are instructed to sort cards into boxes based on a
specific rule that increases in difficulty when a child progresses through the levels (displayed here:
left: horses vs ducks, middle: large vs small, right: red vs. blue). Pictures from ‘Minnesota Executive
Function Scale App™ and Admin Portal User Guide' (p.4) by S.M. Carlson and P.D. Zelazo, 2019,
Reflection Sciences, Inc.T™, St. Paul, MN. Reprinted with permission

rule and then switch to sorting the same cards again using an opposite or
conflicting rule (see Figure 1). It requires children to switch between rules and
inhibit one's automatic response. Furthermore, working memory is required to
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remember the current rule(s) for each trail. Because of its adaptive testing
protocol, the MEFS provides a sensitive assessment of each individual child and
his/her global executive function skills. After finishing the task, a total score
(0-100) is calculated based on an algorithm that takes both accuracy and
response time into account, with higher scores reflecting better executive
function skills. In analyses, either raw or standardized scores were used (see
section on statistical analyses). Standardized scores were calculated differently
depending on the recruitment site. For children from the Netherlands, scores
from the current control group were used to calculate standardized scores
(percentile scores). For children from the USA, scores from the general
population were provided by the MEFS-app and converted into standardized
scores (percentile scores).

Verbal Executive Function Skills

To assess verbal executive function skills a measure of verbal fluency was used.
Verbal fluency is commonly described as a measure of executive function in
the context of verbal information (Pennington & Ozonoff, 1996) because it
requires goal-directed behaviors such as cognitive flexibility, strategic
planning, and error-monitoring (Diamond, 2013). For this study, the subtest
‘Word Generation’ of the NEPSY-II Developmental Neuropsychological
Assessment was used (Korkman et al., 2007, 2010)). In this subtest children are
asked to generate words within two specific categories (‘animals’ and 'food/
beverages') as many as possible within a 60-second period for each category.
Administrated answers were afterwards coded to yield either O points for an
incorrectanswer or 1 point for a correct unique answer. Higher scores represent
higher levels of verbal fluency. Either summed raw scores or scaled scores were
used in analyses (see section on statistical analyses). Scaled scores were derived
from the manual, using the appropriate norm group depending on the language
spoken by the child (Dutch or English).

Executive Functions in Daily Behaviors

The Behavior Rating Inventory of Executive Function (BRIEF) was used as an
assessment tool of everyday executive functions (Gioia et al, 2000, 2003). It is
developed to capture real-world manifestations of executive dysfunction, by
focusing on children'’s everyday behaviors at home (Gioia et al,, 2000, 2003) For
the current study, primary caregivers completed either the BRIEF-P for a child
aged 3,0 to 4;11 years (n = 84) or the BRIEF school-age for a child aged between
5,0 and 6;11 years (n = 54). A small subset of children (aged 5;0-5;11) fell within
the appropriate age-range of both questionnaires. For future follow-up
purposes caregivers of these children completed the BRIEF school-age. Both
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questionnaires in the Dutch and US version have satisfactory internal
consistency (ranging from .78 to .98), test-retest reliability (ranging from .72 to
90) and convergent and discriminant validity (for the exact values see the
appropriate manuals; US: Gioia et al,, 2000, 2003; NL: Huizinga & Smidts, 2010;
Van der Heijden, Suurland, de Sonneville, & Swaab, 2013). The BRIEF-P and
BRIEF school-age comprise 63-item and 86-item rating scales respectively,
with a 3-pointrating including never, sometimes, and often. Both questionnaires
have a total score (Global Executive Composite: GEC) with two or three indices,
subdivided into multiple subscales. The overlapping subscales present in both
BRIEF questionnaire versions include: Inhibit, Shift, Emotional Control,
Working Memory, and Planning and Organization. Additional subscales for
the BRIEF school age were Monitor, Organization of Materials, and Initiate.
To compare all children across ages independently of which BRIEF version was
administrated, for each child total scores were divided by the specific number
of items to create mean scores. Higher scores indicate more difficulties. Either
summed raw scores or standardized scores (T-scores) were used in analyses
(see section on statistical analyses). Standardized scores were derived from
the BRIEF(-P) manual, using the appropriate norm group depending on the
recruitment site (The Netherlands or USA).

Intellectual Functioning

To control for potential group differences due to overall differences in intelligence,
full scale 1Q was estimated with a shortened version of the Wechsler Preschool
and Primary Scale of Intelligence - third edition (English version: WPPSI-IIT
(Wechsler, 2002); Dutch version: WPPSI-III-NL (Wechsler, 2010)). This short
version with four subtests (Vocabulary, Similarities, Block Design, and Matrix
Reasoning) has been found to provide a valid and good estimation of the full
scale intelligent quotient (Hurks et al,, 2015). Standard [Q-scores were derived
from manual, using the appropriate norm group depending on the recruitment
site (The Netherlands or USA).

Statistical Analyses

Some data were missing due to outliers or technical dysfunction. Resulting
from this, sample sizes varied from 60 to 72 SCT children and 67 to 69 controls
per analysis. Data were analysed using IBM SPSS version 25. Demographic
characteristics were compared with independent sample t-tests and Chi-square
tests. As preliminary analysis, to examine whether recruitment site was relevant
to executive function outcomes, t-tests were used to examine mean group
differences within the SCT group (Dutch vs US) and mean group differences
within the control group (Dutch or US-referenced norms).
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For each executive function measure, the following analyses steps were
taken. First, to test the hypothesis that executive functions were dependent on
age, a linear approach using correlation analyses was used to maximize
statistical power. Because raw scores were used in these analyses, they needed
to be corrected for recruitment site. We used PROCESS, a bootstrapping,
nonparametric resampling procedure (for further information see Hayes, 2009,
2017), to control for the potential role of recruitment site in the SCT group.
Subsequently, if significant effects of age on EF measures were found,
subsequent ANOVAs per age-group were performed to identify group
differences at specific ages using standardized norms of the EF measures.
These ANOVAs were carried out as post-hoc tests to analyze the differences
between SCT and control within the different age-groups (3-4-year-olds and
5-to-7-year-olds) and thus only included those variables that were found
significantly related to age. Thirdly, a correlation analysis with the standardized
executive function measures (MEFS, NEPSY, BRIEF) and FSIQ was performed
to examine the influence of IQ on the results. If significance was revealed,
post-hoc analyses were performed using ANOVAs to determine the specific
role of IQ in executive functions.

Finally, two MANOVA's were performed to compare executive function
measure outcomes (dependent variables, standardized scores) for the influence
of recruitment strategy and karyotype, as a marker of data quality and
representivity for the entire SCT group.

For correlation analyses with age, Pearson's product moment correlation
coefficient was used. Level of significance was set at p = .05. For all significant
effects, Cohen's d addressed effect size (.2 = small effect; .5 = medium effect;
.8 = strong effect, Cohen, 1977).

Results

Preliminary Analyses

Preliminary analyses revealed minimal evidence of site effects on executive
function scores (see Appendix A for the exact results). Within the SCT group,
Dutch and American children did not differ on executive functions. Further,
children in the control group did not differ from normative Dutch and US
scores, with the exception of verbal executive function scores on the NEPSY
subtask. Taken together these results provide the support to pool SCT children
together and treat them as a singular group of SCT children and that controls
are representative controls for both clinical samples.
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Role of Age in Executive Functions

The results from the correlation analysis between the variable ‘age’ and
executive function parameters are shown in Table 2. Recruitment site was
included as a covariate in the analyses but there were no significant interaction
effects (see Appendix B and Table Bl for the exact results), thus indicating that
recruitment site (The Netherlands or US) did not influence the results.

Within the SCT group, there were significant correlations between age and
global executive function skills, verbal executive function skills, and different
aspects of executive functions in daily life including emotional control and
working memory. Most, but not all, correlations were also significant in the
control group. For global executive function skills, working memory, and plan
and organizing, the strengths of correlations differed significantly between
research groups (see Table 2). For the other domains, the strength of correlations
did not differ significantly between the SCT and control group. These results
indicate that age is an important factor in executive function (problems), with
differential presentation across ages, as is visible in Figure 2.

Table 2 Correlations Between Age and Executive Functions for the SCT
and Control Group

SCT CG Fisherrtoz
age age transformation
r r z p
1. Global executive function skills B90*** 764 -1.810 .035
(MEFS)
2. Verbal executive function skills 728%** 702 * .294 .384
(NEPSY)
3. Overall executive functioning A418** .265* .998 159
(BRIEF GECQ)
4. Inhibit (BRIEF) 195 104 535 .296
5. Shift (BRIEF) 294 100 1.164 122
6. Emotional control (BRIEF) A455%* 312%* 966 167
7. Working memory (BRIEF) A22** 154 1.694 .045
8. Plan and organize (BRIEF) 128 -.325%* 2.677 .004

Note: Higher scores reflect better performance for MEFS and NEPSY assessments, lower scores
on the BRIEF reflect better functioning. Raw scores were used in analyses; in the SCT group,
recruitment site was included as covariate. Abbreviations: SCT, sex chromosome trisomy; CG,
control group; MEFS, Minnesota Executive Function Scale; NEPSY, NEPSY-II Developmental
Neuropsychological Assessment; BRIEF, Behavior Rating Inventory of Executive Function; GEC,
General Executive Composite. * p < .05, ** p < .01, *** p <.001.
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Figure 2 Scatterplots of Child's Age Against Executive Function Scores for SCT
and Control Group

Note. A) Global executive function skills (measured with MEFS) with higher scores reflecting better
performance, B) daily life problems with planning and organizing (measured with BRIEF

questionnaire) with lower scores reflecting better functioning. Separate lines represent correlation
lines, displayed for each research group separately (SCT, controls).
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CHAPTER 3

Age-Specific Group Differences in Executive Functions

As age appeared to be associated with executive functions and showed
differential patterns across ages and domains (for an illustration of these
specific relations see Figure 2), specific age-groups (3-4 year-olds and 5-to-7-
year-olds) were examined to identify impairments in executive functions at
specific ages.

3-4-Year-Olds

There were significant group differences found for executive functions between
3-4-year-old children with SCT and controls (see Table 3). Children with SCT
had significantly lower verbal executive function skills than the control group
(medium effect size). For daily life behavior, parents of 3-4-year-old children
with SCT reported, on average, more executive function difficulties in daily life
compared to controls, also with great variability. A significant group difference
was found for working memory with medium effect size. Worth noting is that
the domain of emotional control was trend significant (p = .067), with a medium
effect size, as well as total general daily life difficulties (p = .066). With regards to
global executive function skills assessed with a task, there was no significant
group difference between the SCT and control group (p = .511).

5-to-7-Year-Olds

There were significant group differences for executive functions between
5-to-7-year-old children with SCT and controls (for results see Table 3). On the
neurocognitive tasks, children with SCT had significantly lower global executive
function skills and lower verbal executive function skills compared to controls,
with large effect sizes. For executive function difficulties in daily life behavior,
parents of 5-to-7-year-old children with SCT reported, on average, more
executive function difficulties in daily life, compared to controls, with difficulties
on almost all behavioral domains. Effect sizes range from medium (d = .6 for
Initiate and Monitor) to large (d = 1.0 for Working Memory). Worth noting is the
greater variance in scores in the SCT group on almost all BRIEF subdomains
compared to controls.

Role of IQ in Executive Functions

Results from the independent samples t-test showed that children with SCT
had a significantly lower full-scale 1Q (M = 95.51, SD = 19.75) than controls (M =
109.31, SD = 13.242), t(115)=-4.752, p < .001. Within the SCT group, no significant
correlation was found between IQ and global executive function skills (r= -.084,
p = .514). In contrast, IQ was significantly associated with verbal executive
function skills (r = 497, p < .001) and daily life executive functions (BRIEF GEC
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CHAPTER 3

score and all five BRIEF subscales; significant r-values ranging from -.299
to -.271).

To evaluate the relevance of these findings, we reran previous analyses
within separate IQ-groups (children with SCT and below average IQ vs children
with SCT and average IQ) as compared to controls (see Table 4 for the results).
In both IQ groups, significant group differences were found between SCT and
controls on almost all parameters, showing that difficulties with executive
function were found across the range of intelligence levels and were not limited
only to those children with below average IQ (also see Appendix C for additional
analysis).

Role of Karyotype and Recruitment Strategy

In terms of the comparability of karyotypes, there were no significant group
differences found between the three different karyotypes on executive
functions (Pillai’s trace = .160, F(6,104) = 1.507, p = .183). Which karyotype a child
carried did not appear to affect the degree of executive functions, both in
neurocognitive performance or in daily life behavior. Finally, to examine
whether ascertainment method was relevant to the increased risk for executive
function difficulties in children with SCT, a MANOVA was performed with
executive functions (MEFS total score, NEPSY total score, BRIEF General
Executive Composite score) as dependent variables and recruitment strategy
within the SCT group (prospective follow-up, information seeking parents,
clinically referred cases) as independent variable. There was no effect of
ascertainment on executive functions (Pillai's trace = 190, F(3,104) = 1.822,
p =.102): how children enrolled in the study did not appear to affect the degree
of executive functions, both In neurocognitive assessment as in daily life
behavior.
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CHAPTER 3

Discussion

The present study investigated emerging executive functions in young children
with SCT compared to population-based controls. We assessed whether
children with SCT already show an increased risk for executive function
difficulties at a young age. Core to the study was the inclusion of a large
international group of children with an extra X or Y chromosome between the
ages of 3to 7 years of which the majority had a prenatal diagnosis, which could
provide insight in the developmental impact of SCT from a prospective point of
view. Also critical to discussion of results is the acknowledgement of the
variability in the SCT group and marked overlap with the control group such
that many participants in the SCT group had scores that were similar or even
improved compared to some individuals in the control group. However,
statistical analyses of group differences are important as they help to delineate
specific domains affected by SCT in order to understand how to support and to
develop treatments for the proportion of individuals with SCT whose challenges
in these areas are clinically significant such that they affect daily functioning
and quality of life.

Our results revealed that children with SCT are at increased risk for problems
with emerging executive functions, from as early as 3 years old, and that those
problems appear more pronounced at an older age. Furthermore, impairments
in executive functions appear broader than the language domain alone,
extending to other areas as well, suggesting that impaired executive functions
are part of the SCT neurodevelopmental profile, even when intelligence levels
are in the typical range. To illustrate, specific difficulties are found for 3-to-4-
year-old children with SCT in the area of verbal fluency and working memaory.
Children with SCT aged 5 to 7 years experienced more and broader executive
function impairments than their peers, showing difficulties with global
executive functions, verbal fluency, cognitive flexibility, emotional control,
working memory, and planning and organizing. This is the first study showing
that there is a developmental impact of SCT on emerging executive functions
before the age of 7 years and that children with SCT are at significant risk for
difficulties with executive functions in early childhood. Our findings add to the
already existing literature done with older participants (Ross et al,, 2008, 2009,
van Rijn etal, 2008; Lee etal, 2011, Lee et al,, 2015).

The increased risk for emerging executive function difficulties in children
with SCT indicates that their ability to show purposeful, goal-directed, and
problem-solving behavior is affected, from as early as 3 years old. The impact
for these children is significant, given that preschool executive functions are
vital for school readiness (Blair & Razza, 2007), putting children with SCT at a
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substantial disadvantage at school entry. Furthermore, executive functions
continue to be an important factor throughout childhood with regards to
academic success, given that early executive functions also predict math and
reading competence (Gathercole et al, 2004). Next to school readiness and
academic success, adequate executive functions also impact psychological
well-being, considering that impairments in executive functions has been
linked to various symptoms of psychopathology in the general population,
including both internalizing and externalizing behavioral problems (Kusche et
al, 1993). Social, emotional, and behavioral problems are frequently reported
in the SCT population (Samango-Sprouse et al, 2019; Tartaglia et al,, 2020;
Tartaglia et al, 2010, 2012) and our results suggest that emerging executive
functions could be one of the key components in explaining the variability as
well as the increased risk for psychopathology in this genetically at-risk group.
Previous studies using older samples have already provided some evidence for
this hypothesis showing a link between impairments in executive functions
and social-emotional and behavioral problems (Skakkebaek et al, 2017),
psychotic symptoms (van Rijn et al, 2009), and ADHD symptoms (Lee et al,
2011). Future studies should further investigate the relationship, both cross-
sectionally as well as longitudinally, between emerging executive functions
and psychological functioning in this young population of SCT.

Our study results also underline the importance of a developmental
approach with regards to neurocognition in early childhood. Albeit we studied
these children cross-sectionally, our results showed that increasing age is
associated with more prominent and broader executive function difficulties in
children with SCT. Deviations from controls were already evident from 3 years
of age, but children in the 5-to-7-year-group showed more pronounced
executive function difficulties (as illustrated by larger effect sizes) that appeared
across multiple areas of functioning. Existing literature on the relation between
age and executive functions in SCT is limited. However, our findings nicely
complement one other study examining age-dependent effects of daily life
executive functions (Lee et al,, 2015), in which children with Down syndrome
and Klinefelter syndrome between the ages of 5 to 18 years old were compared
to typically developing peers. The results from this study also showed more
pronounced executive function difficulties with increasing age in the group
children with an extra X chromosome, specifically in two areas of executive
functions: plan/organize and initiate. Taken together, these findings suggest
that the vulnerability for executive function difficulties in SCT might be already
present from a young age but may not be limited to early childhood and is
suggested to continue into later development. Looking from a neuropsycho-
logical perspective, we see a genetically at-risk group of children who show a
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CHAPTER 3

differential pace in emerging neurocognitive functions, which could point to a
suboptimal maturation of the brain and thereby possibly implicating future
neurodevelopment. Albeit that our results show that a developmental approach
provides additional insight into the impact of SCT, we acknowledge that our
results were examined within a cross-sectional design and encourage the
study of developmental trajectories of children with SCT using longitudinal
studies to add validity to these results.

Within the age-specific executive function profiles, our finding on emotional
control difficulties is worth highlighting. These results indicate that emotional
control might be a relevant at-risk marker for young children with SCT, given
that difficulties in this area are present at a young age (albeit trend significant at
age 3) and appears to be one of the most pronounced weaknesses for children
with SCT between the ages of 5 to 7 years. Emotional control represents an
individual's ability to modulate emotional responses. Poor emotional control
can be expressed as emotional lability or emotional explosiveness and
caregivers usually describe these children as having overblown emotional
reactions to seemingly minor events. From a developmental perspective,
difficulties with adequately regulating and controlling your emotions have
been linked to higher levels of social, emotional, and behavioral problems
(Berkovits et al, 2017), highlighting the importance of emotion regulation
abilities for quality of life. The findings of the current study complements
existing literature who also described significant difficulties in emotional
control and regulation in adolescents and adults with SCT, expressed in
behavioral problems (Lee et al, 2015) as well as physiological regulation
difficulties (van Rijn, Barendse, et al,, 2014). Moving forward, now that we have
established that children with SCT are at increased risk for emotion regulation
difficulties from an early age on, it is worthwhile to examine its developmental
trajectory using a diverse set of measures, including those of the affective
arousal system. These findings could provide further insight on the predictive
value of emotion regulation difficulties in early childhood for later development,
and also point to emotional control as a target for early treatment programes.

Important to note is the broad variation in executive functions observed
between children with SCT in the current study. For clinical care, itis imperative
to realize that having a specific genetic variation does not reliably predict what
the exact outcome will be for any given individual. Thus, working in a clinical
setting with children with SCT, professionals need to be aware of the variation
in executive functions between children with SCT just as much as the
developmental risk for impaired executive functions. From a young age,
difficulties with (emerging) executive functions could be part of an individual's
neurocognitive profile, even in the face of a typical intelligence, and therefore
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requires specific attention in assessment using age-appropriate and valid
measures (including but not limited to neurocognitive tests, structured
observations, development history interview). Identifying impairments in
(specific areas of) executive functions can result in specific guidelines on what
function needs to be supported during treatment. Given the significant
relevance of executive functions on many developmental outcomes in
childhood, specifically school readiness and achievement (Best et al,, 2011), itis
important to consider support options for preschool children with SCT who
already experience difficulties in this area. Up to 48% of young children with
SCT already receive early childhood intervention services before the age of 6,
including preschool academic support, (Thompson et al,, 2020) in which the
area of executive functions could be addressed as well. Treatment and/or
support could include training the specific executive function skill, using
stronger-developed skills to compensate for the less-developed executive
function, and/or adjusting the context to the limitations or the dysfunction
itself by implementing tools or lowering expectations. Empirical studies on
executive function intervention in children with SCT are non-existent, but the
study on effectiveness of executive function interventions in the general
population is a promising but emerging field (Diamond & Lee, 2011). A recent
meta-analytic review on the effectiveness of cognitive training in preschoolers
(Scionti et al,, 2020) showed that there is an overall effect of cognitive training
in improving executive functions, especially in at-risk groups (ADHD or
children with low socio-economic status), suggesting that those at risk might
benefit more from stimulation than children without additional risks. However,
Scionti and colleagues (2020) did not find an effect of cognitive training on
additional outcomes, such as psychological or behavioral benefits. In sum,
while these results indicate that executive function training might also be a
valuable component in treating (emerging) executive function difficulties in
children with SCT, it is crucial not to focus narrowly on improving executive
functions alone, but also address the social, emotional, and behavioral
development in addition to the social context in which a child with SCT grows
up in (family and school).

While the results of the current study are promising and the size of the
sample is noteworthy, especially since genetic population are difficult to recruit,
the current study also has limitations that should be addressed. As mentioned
previously, our results are based on a cross-sectional designed study.
Longitudinal studies are crucial to add validity to our age-dependent results
and could provide further insight in the developmental pathways of EF in
children with SCT. Also, by collapsing across sex chromosomal trisomies we
were not able to assess the specific contribution of karyotype (XXX, XXY, and
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XYY) on impairments in executive functions. Thirdly, the current study did
not examine the effect of early testosterone hormone treatment on the
neurocognitive profile in the SCT subgroup with XXY. Although treatment with
testosterone might be considered to improve the physical implications of a
micropenis, the evidence for potential benefits of early testosterone on (neuro)
developmental outcomes in infants with Klinefelter syndrome is still imited
(Aksglaede et al., 2020). We support the initiative of Aksglaede and colleagues
(2020) who call for a randomized and placebo-controlled trial with an adequately
powered cohort sample: one of which is currently underway (PI Davis,
NCT03325647).

Conclusion

In sum, the present study showed that when it comes to emerging (e.g., still-
developing) executive functions, many (but not all) children with SCT experience
reduced performance and everyday functioning, which seems to be present
from a young age (3 years). There appears to be a broader and more significantly
impaired executive function profile in older children with SCT, suggesting
increasing impairments in executive functions with age. These impairments
in executive functions are broader than the language domain alone, extending
to other areas as well, including planning, emotional control, and working
memory. The increased risk for impaired executive functions appears to be
robust and present above and beyond differences in intelligence, karyotype,
recruitment site, and recruitment strategy. This increased risk in early childhood
might point to a suboptimal brain maturation in children with SCT. Additional
research is warranted using a larger sample that also examines the predictive
value of executive functions in terms psychopathology. Our data indicate that
emotional control could be an important candidate. Clinically, the results from
the study show that impairments in executive functions are part of the broad
variation that can occur in SCT, even in the presence of typical levels of
intelligence. It highlights the importance of early monitoring and screening
of executive functions in preschool children with SCT, which may allow for
preventive and early intervention to optimize developmental outcomes.
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Appendices

Appendix A. Group differences on executive function parameters
(standardized scores) in the SCT and control group.

Appendix B. Moderation effect of recruitment site in the SCT group.

Appendix C. Role of estimated [Q in the group differences between
SCT and controls on executive function outcomes.
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Appendix B Moderation Effect of Recruitment Site in the SCT Group

Analysis description. Bias-corrected bootstrapping analyses (PROCESS) were
conducted to test for a moderating effect of the recruitment site (Dutch or US)
on the relations between age and executive function parameters in the SCT
group. There were no significant interaction (e.g., moderation) effect of recruitment
site, revealing that the relation between age and executive function outcomes
did not differ across sites. See Table Bl for the exact results.

Table B1 PROCESS Results on the Moderation Effect of Recruitment Site
in the SCT Group in the Relation Between Age and Executive
Function Outcomes

Recruitment site (interaction effect)

b Sig t p
Global executive function skills (MEFS) 1.63 1.62 1.00 320
Verbal executive function skills (NEPSY) -71 .64 -1.10 275
Overall executive functioning (BRIEF GEC) 03 04 .89 379
Inhibit (BRIEF) 02 05 34 735
Shift (BRIEF) 02 05 46 650
Emotional control (BRIEF) 04 06 76 451
Working memory (BRIEF) .05 05 1.05 296
Plan and organize (BRIEF) -01 04 -03 976

Note. Raw scores on all outcome parameters were used in the PROCESS analyses.

Appendix C Role of Estimated 1Q in Group Differences Between SCT and Controls
on Executive Function Outcomes

To address the robustness of our results concerning the role of IQ, we also ran a
MANOVA with the executive function parameters as dependent variables,
research group as independent variable and included IQ as covariate. These
results again showed a multivariate effect of research group (p = .004), nextto a
multivariate effect of IQ (p < .001). Thus, caregivers of children with SCT
reported significant more daily life executive functions problems (while
controlling for IQ), specifically emotional control (p = .017) and working memory
(p =.022). Also, children from the SCT group performed significantly less well
than controls on verbal executive functions (p = .017). Group differences were
non-significant for inhibit (p = .969), shift (p =.199), and plan/organize (p = .331).
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