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ABSTRACT ARTICLE HISTORY
Although sex chromosomal trisomies (SCT) in children are highly Received 13 April 2022
prevalent and associated with an increased risk for neurodevelop- ~ Accepted 11 July 2022

mental difficulties including socio-emotional problems, little is KEYWORDS
known about underlying mechanisms that could drive this risk. Emotions; Klinefelter
Studying emotional reactivity and expressivity of young children syndrome; Trisomy X; child
with SCT in early childhood could identify deviations in early emo- development; child
tional development and potentially serve as risk markers to guide psychophysiology
clinical care in developing interventions. Participants in the current

study were 90 SCT children and 97 population-based controls, aged

1 to 7 years, who experienced a stress-inducing event in which

physiological (heart rate) and observational data (expression of

negative emotions) were collected. Results showed early distur-

bances in the emotion system of young children with SCT, in

terms of blunted but prolonged emotional reactivity and

a reduced emotional expressivity in response to stress. Further,

the concordance between emotional reactivity (arousal response)

and expressivity was significantly lower in SCT, compared to con-

trols. Given the significant impact of emotions on adaptive day-to-

day functioning, deviations in processing emotions could be an

important underlying mechanism in explaining the heterogeneity

and variability in developmental outcomes often described in indi-

viduals with SCT.

Sex chromosomal trisomies (SCT) are among the most common chromosomal duplica-
tions, with a high prevalence of 1-2 in 1000 births (Berglund et al., 2019; Bojesen et al,,
2003; Groth et al., 2013; Morris et al., 2008). The chromosomal karyotypes include 47,
XXY (Klinefelter syndrome) and 47, XYY (xYY syndrome) in males and 47,XXX
(Trisomy X syndrome) in females. Studying genetic conditions as SCT from pregnancy
on provides an unique opportunity to prospectively examine potentially at-risk develop-
ment and identify early mechanisms that can contribute to outcomes (later) in life. This is
especially relevant in the SCT population, since these individuals have an increased risk
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for various (neuro)developmental difficulties, including behavioral, learning, and socio-
emotional problems (for a review see Urbanus, van Rijn & Swaab, 2020). To date, what
drives these increased risks remains fairly unknown. To explain these neurodevelop-
mental difficulties, research has primarily focused on the area of information processing
skills and has already identified difficulties in general intellectual functioning (albeit at
the lower end of the typical range), social cognition, executive functions, and language
(for a review on this topic, see van Rijn, 2019). Of equal importance is the perception and
understanding of emotions, given that emotions are also crucial for our day-to-day
functioning. Studying emotions in SCT is relevant: numerous studies have shown that
individuals with SCT are vulnerable in their emotional development and often show
difficulties in this area, including emotional outbursts (Visootsak & Graham, 2009),
affective problems (Urbanus et al., 2020), and depressive symptoms (Tartaglia et al.,
2010). Also, increased symptoms of psychiatric disorders associated with emotional
difficulties such as autism spectrum disorders (ASD) are not uncommon in the SCT
population (Ross et al., 2012; van Rijn et al., 2014). Since most of previous studies have
examined older children and adults and mostly with a 47,XXY karyotype, information
about the early emotional development in young children (before the age of 8 years)
across all three karyotypes is limited. However, it is needed to identify early risk markers
that help explain the increased risk for psychopathology and potentially guide clinical
care in developing early and preventive interventions to support the overall development
of these children. The current study aims to provide in this need for knowledge.
Important in the study of emotions, is that they are considered to be multifaceted and
include whole-body processes, such as physiological and behavioral responses (2013).
Emotions involve person-situation interactions that compel attention and give rise to
coordinated yet flexible responses that in turn modify the ongoing interaction (2013).
Thus, emotions serve a signaling function, in which they highlight events as relevant or
irrelevant to an individual and help to identify which situations are attention-compelling
(and which are not). To quantify the signaling function of emotions, emotional reactivity
(also called affective arousal) can be assessed, which is the initial arousal response on
a physiological level (Gross, 2013). After situations are signaled as relevant, self-
regulatory processes activate the autonomic nervous system (Sapolsky, 2004), including
the sympathetic nervous system (SNS) that stimulates increased respiratory rate and
heart rate, preparing the body both physiologically and behaviorally to act (Porges &
Furman, 2011). To illustrate: when in danger, an individual needs to attend their
attention to the dangerous situation quickly (i.e., signal the event as relevant), which in
turn will activate physiological changes, including heart rate acceleration, that enables
a fight or flight response. The link with functional psychological outcomes in
childhood day-to-day life is evident: sufficient emotional reactivity (in terms of SNS
activity) in challenging situations is related to greater self-soothing, more attentional
control, and greater capacity for social engagement (Blair & Peters, 2003; Calkins &
Keane, 2004; Calkins et al., 2002). On the other hand, inadequate emotional reactivity has
been linked to both childhood externalizing and internalizing behavior problems
(Beauchaine, 2001; Boyce et al., 2001). In the SCT population, studies on emotions
have primarily included behavioral measures and questionnaire data and only two
other studies so far have examined direct psychophysiological indices of emotional
reactivity and also yielded discordant results: the first that showed increased affective
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arousal in response to viewing emotion-evoking visual images (van Rijn et al., 2014) and
the second that found a blunted affective arousal response to evoking social stimuli in
young children with SCT (Urbanus et al., under review); thus highlighting the impor-
tance of further investigation of emotional processes in SCT.

Emotional reactivity, following emotion perception and appraisal, serves a key role in
psychosocial functioning. By signaling the demands of the environment, emotional reac-
tivity enables the coordination of behavioral responses that in turn facilitate adaptive
behavior (Gross, 2013). As a behavioral response, the expression of emotions serves an
important social and communicative function (Greenberg, 2004), in that the display of
(facial) emotions can elicit behavior in others which in turn influences the ongoing
interaction. For example, showing fear can elicit others to approach for help, whereas
showing anger can signal others to avoid and withdraw (Marsh et al., 2005). In young
children, the frequency and intensity of emotional expressivity has been linked to the
quality of social relationships (Diaz et al., 2017; Eisenberg et al., 1993) and the child’s
feelings of social competence (Waiden & Field, 1990). Individual differences in the expres-
sion of negative emotions were also found to be related to externalizing problem behavior
in typical developing children (Eisenberg et al., 2001), highlighting that the amount and
intensity of emotion expressivity can have differential effects on person-situation interac-
tions. So far, studies on emotional expressivity in individuals with SCT typically examined
the behavioral consequences of inappropriate emotional expression, such as emotional
outbursts (van Rijn & Swaab, 2020; Visootsak & Graham, 2009), instead of examining the
expression of emotions as the main focus of study. Even if studies examined emotional
expressivity, it was usually done using self-reported data. The current study provides one of
the first observational studies of emotional expressivity in children with SCT.

For adequate psychosocial functioning, a concordant system of matching emotional
internal and external processes is key. When the overt display of emotions matches the
internal arousal response (e.g., emotional concordance), it informs the environment on
the internal state of the child which enables others to adequately respond to a child’s
needs (Robinson et al., 1997). Discordance however can significantly hinder the engage-
ment of the environment and confuse others about actual internal states (Mauss et al.,
2011). In fact, caregivers and other social partners decide whether to engage with the
child or to retreat from interaction following a child’s display of emotion and behavior
(Denham, 1998). Thus, the expression of emotions and the concordance with the
physiological arousal response is important in terms of adaptive social and communica-
tive functioning. Concordance between these two emotional constructs has not yet been
studied in individuals with SCT.

To the best of our knowledge, this study is the first to examine these components of
emotional development in young individuals with SCT. Studying children at this young
age (before the age of 7) can provide insight in early “at-risk” development. It is not
surprising that a well-attuned emotion system and emotional management skills are key
milestones for social and cognitive functioning, with foundations in the earliest years of
life (Gross, 2013). We propose that differences in the emotional development, i.e., being
over- or underaroused or having a discordant display of emotions, might already emerge
during early childhood in children with SCT, potentially laying the groundwork for other
developmental difficulties. In sum, the current study aims to investigate early emotional
development of young children with an extra X or Y chromosome, in terms of emotional
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reactivity and emotional expression and its concordance, using a standardized behavioral
assessment of a stressful event. Key to this study is that use of direct, objective, and
sensitive measures of the emotion system in terms of physiological (heart rate) and
observational data in a large sample of young and predominantly prenatally diagnosed
children with an extra X or Y chromosome. As many earlier studies with SCT included
postnatally diagnosed participants, this study includes a wider range of phenotypic
characteristics. We examine these constructs of the emotion system during a stress-
inducing event, as opposed to a resting state, because it is precisely those situations that
are potentially “threatening” that elicit the emotional system to enable quick and adaptive
responses.

Materials and methods
Participants

The current study is part of a larger international study (the TRIXY Early Childhood
Study, centerd at Leiden University in the Netherlands, including research sites in the
Netherlands and Colorado, in 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 1year to and including 7 years (at baseline) were included.
Children with SCT were recruited from two sites: The Center of Expertise for Trisomy
of the X and Y chromosomes (TRIXY) in the Netherlands that recruited children from
the Dutch-speaking countries in Western Europe (n = 42) and the eXtraordinarY Kids
Clinic in Developmental Pediatrics at the Children’s Hospital Colorado (CHCO) that
recruited children from across the United States of America (USA, n=48). Primary
caregivers of children with SCT were contacted with the help of clinical genetics depart-
ments, pediatricians, and national advocacy or support groups for (parents of) indivi-
duals with SCT with recruitment flyers and postings on the internet and social media.
Recruitment strategies for the SCT group resulted in three inclusion trajectories (see
Table 1): a) “information seeking parents,” b) ‘active prospective follow-up,” and c)

Table 1. Demographic characteristics of the Sex Chromosome Trisomies (SCT) and control group.

SCT Controls
n =90 n=297 Group differences

Age in years - M (SD) 3.74 (.20) 3.62 (.17) t(185) = .496, p = .621
Gender M=60, F=30 M=43,F=54 X2 (1)=9.414,p< .01
Global intellectual functioning - M (SD) 96.63 (18.14) 106.27 (14.32) t(181) = > —4.009, p < 0.001

Range 59-138 72 - 140
Parental education level - median (range) 6 (3.5-7) 6((2to7) p=.637
Recruitment strategy - n (%)

Information-seeking parents 43 (47.8%)

Prospective follow-up 28 (31.1%)

Clinically referred 19 (21.1%)

for children aged 1;0 to 2;0, the Cognitive Composite score from the Bayley-3 (Bayley, 2006) was used as global
intellectual functioning; for children aged 3;0 to 7;11, the estimated Full Scale IQ-score from the short version of the
WPPSI-III (Wechsler, 2002) was used as global intellectual functioning. Both scores have a mean of 100 and standard
deviation of 15.
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‘clinically referred cases.” Children in the control group were recruited from day care
centers, public institutions, and elementary schools from the western part of the
Netherlands. Inclusion criteria for all participants were that parents and/or children
were Dutch- or English-speaking and children had no previous head injuries, severely
impaired hearing or vision, and/or color-blindness.

In this study, 90 children with SCT and 97 age matched population-based controls
participated (Table 1). The SCT group consisted of 30 girls with 47,XXX, 45 boys with 47,
XXY, and 15 boys with 47,XYY. As for the timing of SCT diagnosis, 60 children (66.7%)
had a prenatal diagnosis (i.e., because of [routine] prenatal screening, abnormal ultra-
sound findings, or advanced maternal age) and 30 children (33.3%) had a postnatal
diagnosis (i.e., because of developmental delay, physical and/or growth problems, or
medical concerns). Genetic testing results were reviewed to confirm sex chromosome
trisomy in at least 80% of cells. Children from the control group were not subjected to
genetic screening, due to ethical considerations of blood testing. They were considered to
be a representative sample of the general population. In addition, given the prevalence of
SCTis 1 in 1000, we reviewed the possible risk of having a child with undiagnosed SCT
in our control group minimal and acceptable.

Background information of participants

Global intellectual functioning (GIF) was assessed with the Bayley Scales of Infant and
Toddler Development (Nsct =27, Neontrol = 31, Bayley, 2006) in children aged 1 to 2
years, and the short-version of the Wechsler Preschool and Primary Scale of
Intelligence third edition (Ngct = 61; Neontrol = 645 WPPSL; Wechsler, 2002) in children
aged 3years or older. GIF scores for four children in the SCT group were missing.
There was a significant difference in average full-scale intelligence scores between the
SCT and control group, #(181) =-4.009, p <.001, d=.6. Although both groups on
average scored within the average range, the SCT group scored lower (M = 96.63, SD
=18.14) than the control group (M =106.27, SD = 14.32). Secondly, 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. Median parental education level was the same (6) in the SCT and control

group (p =.637).

Ethics and procedure of the assessment

This study was approved by the Ethical Committee of the Leiden University Medical
Center, Leiden, 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). A written informed consent was signed by the primary caregivers of
all participating children. Before the lab or home visit, participants were explicitly
prepared with a visual information brochure and a copy set of the electrodes for the
physiological assessment. Research took place in a quiet, stimuli-low room either at the
university or in the family home, using written protocols detailing all procedures and
verbal instructions to standardize assessments. Children were given time to familiarize
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before and after the electrodes were applied by playing an age-appropriate game, while
seated in a car set to have a stable and framed position suited for physiological
measurement.

Measures

Physiological arousal

Two electrodes were attached at the top center of the chest (10 centimeters below
the suprasternal notch) and the bottom left of the ribs (10 centimeters above the
bottom of the rib cage). Heart rate was recorded continuously during baseline and
the unpredictable toy paradigm with AcqKnowledge (version 5.0.2, BIOPAC
Systems Inc.). Recording was acquired through an Electrocardiogram amplifier
(ECG100C) and a BIOPAC data acquisition system (MP150 Windows) with
a sampling rate of 1.000 Hz. In AcqKnowledge a 0.5 Hz highpass filter and 50 Hz
notch filter were applied to stabilize the ECG signal. Recorded physiological data
were further processed by inspecting the detected R peaks in PhysioData Toolbox
version 0.5.0 (Sjak-Shie, 2020). Motion artifacts were visually identified and
excluded from the data. Heart rate data (beats per minute: BPM) were summarized
in 30-second epochs in concordance with the behavioral data.

Baseline

To measure baseline, children watched a 3 minute video of a fish tank, which has
been shown to be an adequate measure of resting state (Piferi et al., 2000). Heart
rate (in BPM) over the course of the video was analyzed in epochs of 30 seconds
each and the epoch in which children had the lowest heart rate was identified as
representing resting state. This was done on group level, for the control group and
the SCT group separately.

Emotional distress during stressful event

The standardized Unpredictable Mechanical Toy Task from the Laboratory
Temperament Assessment Battery (Lab-TAB; Goldsmith et al., 1999) was chosen
as a stressful event, to induce general emotional distress. It contains elements of
nonsocial novelty and intrusiveness in which the toy (i.e., stressor) is, given the
context, relatively inescapable. For the current study, a remote-controlled robot was
chosen as the distressing stimulus, which has also been used in other studies with
clinical groups examining emotional processing (e.g., in ASD: Zantinge et al. (2018),
in mood disorders: Savory et al. (2020)). The procedure of the task was executed
following the Lab-TAB manual. Caregivers were instructed to sit in the room out of
direct sight, filling out questionnaires or reading magazines and to remain as
uninvolved as possible while displaying a neutral face. An experimenter entered
the room in a white laboratory coat and protection glasses placing a (novel to the
child) robot 1.5 meters away from the child. The robot made three approaches of 30
seconds each, starting by walking toward the child, stopping 15 centimeters in front
of the child moving its arms and emitting noise. Then, the robot walked backward,
pausing for 5seconds before moving forward again, repeating this sequence three
times in total (i.e., stress phase). During the entire task, the experimenter did not
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make any eye-contact or communicate with the child. After stress phase, the
experimenter left the room with the robot and the caregiver was instructed to sit
with the child and watch an animated video of 2 minutes together (i.e., recovery
phase). During recovery, caregivers were allowed to sooth and comfort their child if
necessary, but the child stayed in the car seat for the remaining time of the video to
allow for stability in the assessment of physiological recovery. The entire procedure
was videotaped from two angles.

In case caregivers judged the experiment as too stressful for their child, they were
allowed to stop the experiment and move forward to the recovery phase. Twenty-two
percent of the parents (24 SCT, 18 controls) requested for an early termination. A total of
145 children completed the full experiment, of which 66 were children with SCT and 79
were controls. Non-completers were significantly younger (M =2.92, SD =1.52) than
children who finished the experiment (M =3.90, SD =1.78), but there were no other
significant group differences, e.g., in terms of research group (x> (1) = 1.763, p = .184) or
gender (x” (1) =.160, p = .690).

To analyze the reactivity and recovery of the physiological system, four moments
from the toy task were chosen for analysis: 1) initial stress (the first 30 seconds of the
stress phase), 2) prolonged stress (the final 30 seconds of the stress phase), 3) initial
recovery (the initial 30 seconds of the 120-second recovery phase), and 4) extended
recovery (the 30-second period between 60 and 90 seconds of the 120-second recovery
phase).

Observational coding of emotional expression

Videos of the unpredictable mechanical toy task were subsequently coded in 10-s
epochs (with sound on) for emotional expression following the coding instructions
from the Lab-TAB manual (Goldsmith et al, 1999) and the facial and bodily
indicators of three basic emotions (fear, sadness, and anger) as described in the
Facial Action Coding System (FACS; Ekman and Friesen (1976)). The peak intensity
of the emotions was coded within each 10-s epoch to catch the burst of facial and
bodily expression during these intervals. Facial and bodily indicators of the three
emotions were scored on a 4-point scale (0-3): neutral (0 - no sign of facial or
bodily emotion), mild (1 - one observable facial or bodily sign), moderate (2 - two
observable signs) and severe (3 - more signs). The scores were averaged across the
available epochs per participant. A composite negative emotionality score was
calculated derived by summing these averages. Inter-rater reliability (IRR) was
assessed using a two-way mixed, absolute agreement intra-class correlation model
(Hallgren, 2012). The IRR was substantial for emotional expression (intra-class
correlation coefficient (ICC)=0.81, p<.001). Four trained independent coders
scored the recorded videos of which 25% were double coded. IRR was monitored
continuously in regular consensus meetings. Discrepancies were discussed within the
team to obtain a final consensus score. Distress vocalizations, as described in the
Lab-TAB manual, were not included in the analyses since our study focused on the
visual observable expression of emotion.
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Data analysis

Due to missing data, the number of participants differed across analyses. Reasons for
missing data included technological difficulties only, such as hardware or saving fail or
a blocked camera view. For physiological data and the observational data taken together,
data was missing from 12 children with SCT and 9 children with TD. Analyses were
performed by excluding participants with missing values analysis-by-analysis. After
inspection for outliers and normality checks regarding all data, no children were
excluded.

First, baseline heart rate levels (BPM) between the controls and the SCT group
were analyzed with an independent samples t-test, as well as within-group compar-
isons between the different karyotypes (ANOVA). Next, a GLM repeated measures
analysis was performed with the between subject factor Group (SCT, controls) and
the within-subjects factor Task (initial stress, prolonged stress, initial recovery, and
extended recovery). Heart-rate data during the stressful event was corrected for
baseline heart rate. To further analyze the heart rate pattern over time and potential
group differences, paired sample t-tests were done for each research group sepa-
rately. Subsequently, emotional expression was examined with a GLM repeated
measures analysis with the between subject factor Group (SCT, controls) and the
within-subjects factor Task (initial stress, prolonged stress). Also, to examine the
concordance between expression and arousal response (Pearson) correlation analyses
were performed between the arousal response from initial to prolonged stress phase
and total emotional expression separately for both groups. When aforementioned
analyses revealed significant group differences, of secondary interest to the study was
whether these group effects were dependent of age. The moderating effect of age was
assessed using PROCESS, a bootstrapping, nonparametric resampling procedure
(Hayes, 2012). Bootstrapping analysis with 5000 resamples was done to test for
a significant moderating effect using the SPSS macro developed by Hayes (2012).
Outcome variables and moderator variable (i.e., child’s age) were centered. In this
analysis, the moderation effect is significant if the 95% bias corrected confidence
interval for the moderator effect does not include zero. Finally, additional
MANOVA’s were performed to examine the quality of the data and its representa-
tiveness based on a number of key background variables (karyotype, recruitment
strategy, recruitment site). 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
Psychophysiological arousal during baseline

Baseline heart rate levels did not differ between children with SCT (M =103.06, SD
=17.52) and controls (M =100.94, SD =13.90) (¢#(112)= .761, p =.448). Also, there
were no significant differences between the three different karyotypes in the SCT
group (F(2,76) =2.702, p =.074): the mean baseline heart rate was 96.83 (SD = 16.50)
for boys with 47,XYY, 108.97 (SD =16.59) for boys with 47,XXY, and 101.84 (SD =
18.34) for girls with 47,XXX.
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Psychophysiological arousal in response to stressful event

GLM repeated measure analysis revealed a significant main effect of Task (F
(3,129) =23.436, p<.001, eta =.353), a significant effect of Group (F(1,131)=
4.643, p<.05, eta =.034), and a significant Task* Group interaction effect (F
(3,129) =3.183, p <.05, eta =.069). In other words, physiological arousal changed
in response to a stressful event, but this pattern differed between children with
SCT and controls (see Figure 1). Within group comparison revealed a differential
reactivity and recovery pattern between children with SCT and controls (see
Table 2). When faced with an unexpected stressor, children with SCT showed
a weaker arousal response compared to controls (indicating a blunted response)
and their recovery took longer compared to controls who showed an immediate
initial recovery response.

30
25
20
15

10

. }
B

Initial stress Prolonged stress Initial recovery Extended recovery

Delta heart rate (BPM) - baseline

e SCT == W= Controls

Figure 1. Physiological reactivity and recovery patterns for Sex Chromosome Trisomies (SCT) group
and control group during stressful event. An asterisk between two arrows indicates a significant mean
difference (p < .05) between two time points (for results see Table 2). The white area in the graph
represents the toy task “stress” phase, the grey area represents the recovery phase.

Table 2. Within group increases in arousal (heart rate) in response to stressful event.

SCT Controls
Initial stress to prolonged stress t(60) = >—3.996, p<.001,d=.5 t(72) = > —5.966, p < .001, d=.7
Prolonged stress to initial recovery t(60) = > —1.064, p =.292 t(72)=3.142,p< .01, d= 4
Initial recovery to extended recovery t(60) =2.686, p<.01,d= 4 t(72) =1.939, p=.056

Effect sizes displayed in Cohen’s d. Abbreviations: SCT: Sex Chromosomal Trisomies.



578 K. C. KUIPER ET AL.

Role of age in psychophysiological arousal

To examine whether the vulnerabilities in physiological reactivity and recovery were
present across all ages in children with SCT, bias-corrected bootstrapping analyses
(PROCESS) were conducted for the stress arousal response (from initial to prolonged
stress) and the recovery arousal response (from prolonged stress to extended recovery).
No significant moderation effect of child’s age was found for neither the stress response
(b=-.07, SE =92, t=-.07, p=.940, 95% confidence interval = > —1.88, 1.75) nor the
recovery response (b=1.14, SE=1.16, t=.98, p=.328, 95% confidence interval = >
~1.15, 3.43).

Emotional expression in response to a stressful event

A GLM repeated measure analysis revealed a significant main effect of Task (F(1, 138) =
14.802, p < .001, eta =.097) and a significant effect of Group (F(1,138) = 4.591, p <.05, eta
=.032). The interaction effect Task * Group was non-significant (F(1,138) =.929, p
=.337). In controls, there was a significant increase in emotional expressivity from the
initial to the prolonged stress phase of the task (also see Figure 2). This was also present
for children with SCT, but significantly lower compared to the controls.

Role of age in emotional expressivity

To examine whether the vulnerabilities in the expression of emotions were present across
all ages in children with SCT, bias-corrected bootstrapping analyses (PROCESS) were
conducted. No significant moderation effect of child’s age was found for emotional
expressivity (b =-.04, SE =19, t = -.21, p = .833, 95% confidence interval = —.42, .34).

Concordance between reactivity and expressivity

The results from the correlation analyses, performed in each research group separately,
revealed significant relationships between the physiological arousal response and the
total amount of emotional expressivity, during the stress phase. In controls, there was
a significantly strong, positive correlation between arousal response and emotional
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Figure 2. Average emotional expressivity during stress phases of the unpredictable toy task for Sex
Chromosome Trisomies (SCT) group and control group.
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expressivity (r=.728, p <.001). Although a significantly positive correlation was also
found in the SCT group (r=.390, p <.01), this was significantly weaker in comparison to
the control group, as shown by Fisher r-to-Z-transformation (z= >-2.783, p <.01). In
other words, the concordance between arousal reactivity and emotional expressivity was
significantly lower in the SCT group as compared to controls.

The role of karyotype, ascertainment bias and recruitment site

Karyotype

To examine whether the emotion vulnerabilities were present across all three karyotypes
of SCT, a MANOVA was performed with karyotype as independent variable, and the
three main outcome parameters (stress arousal response, recovery arousal response, and
emotional expressivity) as dependent variables. There were no significant differences
between the three karyotypes (Pillai’s trace =.155, F(6,100) = 1.403, p =.221): boys and
girls with an extra X or Y chromosome showed similar patterns in the area of psycho-
physiological and emotional expressive outcomes.

Recruitment strategy

To examine whether recruitment strategy was relevant to the increased risk for emotion
vulnerabilities, a MANOVA was performed with recruitment strategy within the SCT
group (prospective follow-up, information seeking parents, clinically referred cases) as
independent variable and the three main outcome parameters (stress arousal response,
recovery response, and emotional expressivity) as dependent variables. There were no
significant group differences (Pillai’s trace=.148, F(6,100) = 1.336, p = .248): how children
were ascertained for enrollment in the study did not appear to affect the degree of
psychophysiological and emotional expressive outcomes.

Research study site

To examine whether study site was related to emotion vulnerabilities, a MANOVA was
performed with study site (the Netherlands, the United States of America) as the
independent variable and the three main outcome parameters (stress arousal response,
recovery response, and emotional expressivity) as dependent variables. There were no
significant group differences (Pillai’s trace =.089, F(6,50) = 1.629, p = .194): children from
the United States and The Netherlands showed similar vulnerabilities in the area of
psychophysiological and emotional expressive outcomes.

Discussion

The present study examined emotional reactivity and expressivity in response to a stress
evoking event in young children with an extra X or Y chromosome, compared to
controls. Key to this study was the examination of both physiological components
(e.g., affective arousal in heart rate) and observational behavioral components (facial
and bodily expressivity) of the emotional system. By studying both parameters with
sensitive and objective techniques, we aimed to understand the possible differential
deficits and concordance in emotional processing in a young sample of genetically “at-
risk” children. The key finding of the current study is that differential reactivity and
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recovery patterns were found for children with an extra sex chromosome (SCT) com-
pared to controls. They not only showed a significantly lower arousal response (indicat-
ing a blunted response) but their recovery also took longer compared to controls who
showed an immediate recovery response. In addition to emotional arousal, we found that
children with SCT showed less emotional expressivity during both initial and prolonged
stress. Furthermore, our study revealed less interplay between the physiological and
behavioral components of the emotion response: children with SCT showed
a significantly lower concordance between emotional arousal and expressivity compared
to controls when faced with an unexpected (stressful) event. Taken together, these results
provide the first evidence of significant vulnerabilities in the responsiveness and recovery
of the emotional system of young children with SCT, which may be one of the key
mechanisms underlying problems in social adaptive functioning.

Discordance between expression and arousal has not been described elsewhere in the
literature on SCT, making our study the first to describe these results in this population.
However, in other clinical groups also known for social-emotional difficulties, such
children with autism spectrum disorders (ASD), discordance between arousal and
expression has also been described (Zantinge et al., 2018). In hypothesizing about the
nature of these differences in the affective system of children with SCT, it could be helpful
to examine the underlying neurological networks in the brain that are thought to be
involved in processing emotional information. For instance, numerous neural brain
regions play some role in the emotion system, including subcortical areas such as the
amygdala (Costafreda et al., 2008) as well as a set of cortical regions, including the
anterior insula and dorsal anterior cingulate (Murphy et al., 2003). Interestingly, neu-
roimaging findings in SCT (specifically 47,XXY) show consistent neuro-anatomical and
functional differences in these areas, including reduced gray-matter volume in both
insula and temporal regions, including the amygdala and hippocampus (Hong & Reiss,
2014), suggesting that the physiological and behavioral vulnerabilities are likely anchored
in (early) brain maturation. Further support for this early link between genes, brain, and
behavior also comes from our finding that age was no significant contributor to physio-
logical arousal or emotional expressivity. Average deviations in emotional processing
were present across all ages in children with SCT, even as early as 12 months old. Our
results match with those of other studies that also found early signs of an at-risk
development in a subgroup of (although not all) children with SCT (Bouw et al., 2022;
Kuiper et al., 2021; Urbanus et al., 2022; Zampini et al., 2021).

To the best of our knowledge, there are only three other studies to date that examined
physiological arousal in individuals with SCT, for which the results vary. The first showed
increased skin conductance levels in response to social information (emotion-evoking
clips) compared to controls, in adults with 47,XXY (van Rijn et al., 2014). The second
study (Bizzell et al., 2020) compared healthy controls to school-aged children with 47,
XYY with and without an autism spectrum disorder, but found no significant groups
differences in their arousal responses to sensory challenges (i.e., ambulance siren). The
third study (Urbanus et al., under review), that included the same cohort of children as
the current study, found a blunted physiological arousal response in response to social
bids using video clips. Differences in these findings might relate to the nature of the
stressor (e.g., social, nonsocial, neutral) and the context in which the arousal is measured
(Stifter et al., 1989). The current study was designed to measure emotional reactivity
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without the possible interference of social interaction aspects, by introducing a stressor
that did not require interaction with a second person. Comparing the results from the
aforementioned studies to ours suggests that children with SCT might show a blunted
arousal response in terms of their own emotions, a typical response to neutral stressors,
and an increased arousal response responding to emotions of others. Replication of the
current results as well as future studies that examine the influence of the nature of the
stressors and the longitudinal pathway of arousal are needed to provide clarity.
Nevertheless, our results on reduced emotional expressivity fit with how some young
children with SCT are described on a behavioral level, including decreased assertiveness
and more reserved, withdrawn, and shy behavior (Otter et al., 2010; Ratcliffe et al., 1990;
Ross et al., 2012; van Rijn & Swaab, 2015). Similarly, our results match with other studies
that found deviations in emotional expressivity, including difficulties in expressing
negative emotions to others (van Rijn et al., 2008), regulating their emotions (van Rijn
& Swaab, 2020), and identifying and verbalizing their emotions (Van Rijn et al., 2006).
The current results are of significant additive value to our current knowledge of
mechanisms driving the risk for adaptive behavior problems of children with SCT.
Traditionally, emotional and behavioral difficulties with SCT have been explained by
deficits in information processing skills, including language difficulties and executive
function difficulties (for a review see van Rijn, 2019). Based on our data, we offer another
important underlying mechanism for explaining the clinical variety so often described in
SCT: that of the emotion system. Understanding how vulnerabilities in the emotional
system could impact adaptive functioning and behavior is key. Our results show that the
signaling function of emotions, indicating that a situation is relevant and requires
attention, works differently in children with SCT. These children appear less likely to
signal challenging situations as potentially relevant whilst needing a longer recovery
period from the same event. They show a reduced behavioral response to the situation, in
terms of emotional expressiveness. The cohesion between these two components is less
strong than in typical development, which makes communication of the “internal state”
to the outside world more difficult. In other words, what happens on the inside (arousal)
does not match with what happens on the outside (expression). In terms of day-to-day
interaction, one can imagine that a disconcordance confuses a care-taker with respect to
what a child needs in a specific situation, significantly hindering their adequate involve-
ment in the child’s development and functioning. An optimal amount of emotional
reactivity is needed for a child to be an active participant in day-to-day life: not too much,
given that leads to continuous overwhelming experience of emotions, but also not too
little, given that leads to no adequate behavioral activation (passivity). Having just the
right amount of reactivity and expressivity helps individuals in their interaction with
others by supporting communication of their inner state: it enables actively seeking out
those situations that are good and avoiding those that are harmful (Gross, 2013).
When the signaling function of the emotional system does not work properly,
a child cannot rely on its automatic function, which makes it difficult for the child to
respond automatically and intuitively to changes in his or her environment (Gross,
2013). Organizing behavior so that it is adaptive to the demands of the situation at
hand is thus impacted. This impaired emotional system could be an explanation on
why children with SCT may experience difficulties in showing appropriate social and
emotional behavior. Being human, most of our interactions and functioning take place
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within a highly complex and social world and well-regulated emotions help us to
adaptively respond to changes in our social environment (van Rijn et al., 2012).
Evidence for this hypothesis also comes from studies in typically developing children
that show that inadequate emotional reactivity has been linked to behavioral problems
(Beauchaine, 2001; Boyce et al., 2001). Discordance of arousal and expressivity is
associated with later increased depressive symptoms and lower well-being (Mauss
et al., 2011). Future studies should examine the link between emotion reactivity and
responsivity and behavioral problems later in life in children with SCT, implementing
a longitudinal design that goes beyond the scope of the current study. Nonetheless, our
data provide the initial evidence that SCT can impact the pattern of reactivity and
responsivity of the emotion system, putting these children at an early risk for socio-
emotional developmental difficulties.

Strengths of our study include the use of sensitive and objective techniques, such as
psychophysiology, in a young sample of predominantly prenatally diagnosed children
with SCT. 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.
Instead it focuses on identifying early markers of “at risk” development that could guide
early interventions to minimize future adverse outcomes. For clinical practice, our results
are of significant value as well. Caregivers and professionals working with children with
SCT should be aware of the differential aspects of the emotion system that could
contribute to developmental vulnerabilities in early childhood. These children could
benefit from orienting-supported interventions (such as guiding children’s attention to
those situations that could be relevant) as well as help in expressing emotions in an
adaptive way (such as mirroring or verbalizing emotional experiences). In addition, given
children with SCT showed an (overall) prolonged reactivity to stress, they might need
more time recovering to a “regulated” baseline state when faced with challenges: more
than they might display in their behavior. Helping caregivers be aware of possible
discordance in children with SCTs emotional expression may help them better support
their interactions and responses to novelty.

Several factors limit the impact of the findings from the current study, for which
related suggestions for future research are given. First, our study included no indices of
arousal other than heart rate and observed expressive behavior in response to a stress-
inducing stimulus. A range of different types of stimuli (including both positive and
negative, social and nonsocial loading stimuli) should be explored further as well as other
indices of the autonomic nervous system (ANS) including heart rate variability and
information on the parasympathetic branch of the ANS (Benevides & Lane, 2015).
Secondly, the current study did not include any cognitive measures or information on
emotion regulation strategies. We did not examine how children dealt with the challen-
ging situations in terms of emotion regulation strategies and how it relates to social,
behavioral, and emotional functioning in day-to-day life. It would be interesting to
examine the predictive value of emotion reactivity and its accompanying emotion
regulation strategies over time, to provide insight in the longitudinal relationships of
the emotion system and later developmental difficulties, as well as to guide intervention
strategies. Whilst our study is of cross-sectional nature and our results showed that age
was not a significant contributing factor to emotional reactivity nor responsivity,
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longitudinal studies are needed to support the developmental impact in individuals with
SCT over time and its relation to neurodevelopmental disorders and psychopathology,
including but not limited to ADHD and ASD. Further, these study results spark interest
into how the genetic differences lead to differences in neurobiological responses, as well
as how psychosocial and/or pharmacological interventions targeting emotional regula-
tion may affect behavioral responses in children with SCT. This line of research could
also include the study of the (specific) genetic influence of additional X and
Y chromosomes on the social-emotional phenotype, examining differences between
different karyotypes as well as comparisons with other (non-sex chromosomal) trisomies.

In conclusion, our findings show early disturbances in the emotion system of very
young children with SCT, in terms of blunted and prolonged emotional reactivity and
a reduced emotional expressivity in response to stress. We propose that the emotion
system could be an important underlying mechanism in explaining the heterogeneity
and variability in developmental outcomes so often described in individuals with SCT,
given the significant impact emotions have on adaptive day-to-day functioning. The
current findings are important for improvement of clinical care in individuals with
SCT, given that increased awareness of the discordance between expression and arousal
can be meaningful in psycho-education and intervention strategies of individuals
with SCT.
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