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Abstract

Objective: To investigate pragmatic language abilities in young children with an increased risk 

for adverse neurobehavioral and neurocognitive outcomes due to an extra X or Y chromosome 

(sex chromosome trisomy; SCT) and to investigate to what degree early structural and pragmatic 

language abilities are predictive of neurobehavioral problems one year later.

Method: In total, 72 children with SCT and 71 controls aged 3–7 years were included. Language 

assessments included parent-reported pragmatic language skills and direct assessment of structural 

language abilities. Parent-reported behavioral outcomes were measured one year after the initial 

language assessment.

Results: Children with SCT demonstrated weaker pragmatic language skills compared to 

controls. These differences were not driven by karyotype, time of diagnosis, or ascertainment bias 

and irrespective of the presence of structural language impairment. Odds of having pragmatic 

This is an open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 
License (http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in 
any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

CONTACT Sophie van Rijn, srijn@fsw.leidenuniv.nl, Clinical Neurodevelopmental Sciences, Leiden University, Wassenaarseweg 52, 
Leiden, 2333 AK, the Netherlands. 

Supplemental data for this article is available online at https://doi.org/10.1080/13854046.2022.2067078.

Disclosure statement
The authors have no conflicts of interest to declare that are relevant to the content of this article.

Ethics approval
The Ethical committee of Leiden University Medical Center, the Netherlands, and the Colorado Multiple Institutional Review Board 
(COMIRB) in Colorado, USA, provided ethical approval for this study.

Consent to participate
Written informed consent according to the declaration of Helsinki was obtained after providing a description of the study to the 
parent(s) of the child.

HHS Public Access
Author manuscript
Clin Neuropsychol. Author manuscript; available in PMC 2024 April 22.

Published in final edited form as:
Clin Neuropsychol. 2023 April ; 37(3): 650–675. doi:10.1080/13854046.2022.2067078.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://creativecommons.org/licenses/by-nc-nd/4.0/


difficulties was 23 times higher in the SCT group, with 25% of the children not meeting 

age-expectations. In addition, language, in particular pragmatic language, was an important 

predictor for later affective, oppositional defiant, pervasive developmental, attention deficit, and 

social-emotional problems in young children with SCT.

Conclusions: This study is one of the first studies that directly illustrates the relationship 

between language and behavioral outcomes in children with SCT. Our results stress the 

importance to closely monitor pragmatic language in addition to structural language in clinical 

care of children with SCT, as pragmatic language abilities could serve as an early marker for 

children at risk for developing behavioral problems.

Keywords

Structural language; pragmatic language; sex chromosome trisomy; early development; 
neurobehavioral outcomes

Introduction

Approximately 1 in 650 to 1 in 1000 children is born with an extra X or Y chromosome, 

or sex chromosome trisomy (SCT; Bojesen et al., 2003; Groth et al., 2013; Morris et al., 

2008). This leads to a 47,XXY or 47,XYY chromosomal pattern in males or a 47,XXX 

pattern in females. SCT is a relatively common genetic variation, associated with an 

increased risk for neurocognitive difficulties (for a review see Urbanus et al., 2020), 

neurodevelopmental disorders (for a review see Van Rijn, 2019) and for social-emotional 

and behavioral problems (Urbanus et al., 2020). As children with SCT can be diagnosed 

prenatally, this gives a unique opportunity to prospectively follow a group of children 

from an early age who biologically have a heightened risk to develop neurodevelopmental 

difficulties, and to investigate mechanisms of developmental vulnerability. It is likely that 

neurodevelopmental difficulties are anchored in early brain maturation; on both the X and 

the Y chromosome, genes are located that play an important role in neural development 

and cognitive functioning (Lenroot et al., 2014; Raznahan et al., 2016). Global intellectual 

functioning is variable in children with SCT, ranging from impaired to above average with 

mean functioning in the average to low-average range (for a review see Urbanus et al., 

2020). Some studies found relative strengths on non-verbal reasoning and spatial intellectual 

functioning in contrast to performance on verbal intellectual tests (e.g. Ross et al., 2008; 

Cordeiro et al., 2012; Netley, 1986; Rovet et al., 1995; Rovet et al., 1996). In addition, 

neurocognitive difficulties have been reported in children with SCT regardless of level of 

intellectual functioning.

Neurocognitive functions could serve as early markers for behavioral problems in later 

life. Knowledge about early neurocognitive functions that underlie behavioral outcomes 

is important, as these functions could serve as important targets for early treatment 

and intervention. Among these neurocognitive difficulties are disturbances in language 

development, with studies reporting language difficulties in 70–80% of included SCT 

individuals (Boada et al., 2009). Recent studies including very young children with SCT 

indicate that these language difficulties can already be identified before children are one-

year old (Urbanus et al., 2022; Zampini et al., 2021). Language problems are considered one 
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of the most prominent neurocognitive vulnerabilities associated with SCT. Recent studies 

have shown difficulties in areas of early non-verbal communication (Zampini et al., 2018), 

early vocabulary (Zampini et al., 2018a, 2018b), and semantic skills (Ross et al., 2008; 

Ross et al., 2009; St John et al., 2019). However, the primary focus within these studies has 

been on structural aspects of language, which encompasses all aspects of language related 

to form (i.e. phonology, morphology, syntax) and content (i.e. semantics), whereas the use 

of language in a social context or pragmatic language is also important for social interaction 

and communicating with others.

Pragmatic language consists of a variety of skills; these include understanding and use of 

communicative intentions, presupposition, and discourse management. Pragmatic language 

encompasses paralinguistic and nonverbal aspects of language (Parsons et al., 2017). For 

example, in conversation it is important to take the other’s needs into account and to adapt 

to these needs if necessary (Asada et al., 2010). Within the SCT population, pragmatic 

language has been largely understudied. One study of boys with XXY aged 1–18 years 

reported deficits in pragmatic language that were more pronounced in older children (St 

John et al., 2019). Another study reported lower pragmatic language skills, including 

inappropriate initiation of conversation, difficulties with understanding and using scripted 

language, and difficulties with nonverbal communication, in children and adolescents 

(aged 4–22 years) with an extra X or Y chromosome compared to typically developing 

peers (Lee et al., 2012). Two studies with children and adolescents aged 5–16 years also 

reported increased rates of pragmatic language difficulties in all three karyotypes, including 

inappropriate initiation of conversation, difficulties with using conversational contexts, 

and difficulties with nonverbal communication. The authors reported more pronounced 

difficulties in subgroups of children with a postnatal diagnosis or children with behavioral or 

neurodevelopmental problems (Bishop et al., 2011; Bishop et al., 2018). In addition, there is 

some evidence that “higher order language levels” are affected in children with SCT, such 

as understanding of ambiguous sentences, figurative speech, and understanding meaning in 

context (Ross et al., 2008; Ross et al., 2009; Melogno et al., 2019).

Both structural and pragmatic aspects of language are part of the larger concept of 

communication. Adequate communication depends not only on structural language abilities, 

but also on one’s ability to use language in a social context. Studies have shown a 

relationship between structural and pragmatic language and behavioral outcomes in a diverse 

range of populations. Children with developmental language delays show more behavioral 

problems (Gallagher, 1999) and early language difficulties are commonly reported in 

children with (neuro)developmental disorders such as autism spectrum disorders (ASD; 

Miranda et al., 2020; Volden et al., 2009), attention-deficit hyperactivity disorder (ADHD; 

Staikova et al., 2013), oppositional defiant disorder (Gremillion & Martel, 2014) and 

conduct disorder (Gilmour et al., 2004).

Studies have pointed at an increased risk for psychopathology in individuals with SCT, 

including risks for ASD and ADHD (see for example Ross et al., 2012; Samango-Sprouse 

et al., 2018; Tartaglia et al., 2010; Urbanus et al., 2020; Van Rijn, 2019; van Rijn et al., 

2014). Although it has been suggested that (structural) language difficulties could be linked 

to social difficulties in later life (Visootsak & Graham, 2009), studies that investigate the 
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relationship between language and behavioral outcomes are lacking. In addition, to fully 

understand the relationship between language and risk for behavioral and social-emotional 

problems, it is important to take into account not only structural language, but pragmatic 

language as well. Lastly, by studying this relationship in young children, building blocks of 

later behavioral outcomes can be identified, which is important to identify targets for early 

interventions.

The present study focuses on pragmatic language abilities in young children with SCT 

(aged 3–7 years) and investigates the role of structural and pragmatic language in predicting 

behavioral outcomes one year later. The aims of this paper are two-fold. First, to determine 

if the presence of an extra X or Y chromosome not only affects structural language 

development, but also affects pragmatic skills in young children. In other words: Do children 

with SCT have communication deficits beyond structural language? Several questions will 

be answered to pinpoint which children are vulnerable for adverse pragmatic language 

outcomes: (1) Do children with SCT have similar pragmatic abilities compared to controls? 

Factors that could be relevant for interpretation of the results (e.g. specific SCT karyotype, 

time of diagnosis, ascertainment bias) were explored. (2) Is the proportion of children with 

age-appropriate pragmatic skills similar in both groups? (3) Within the SCT group, do only 

children with structural language problems experience problems with pragmatic language 

or are pragmatic language difficulties a more common deficit within this group? (4) Is 

the developmental pathway of pragmatic language skills comparable in children with and 

without SCT? The second aim of this paper is to determine if language abilities predict 

neurobehavioral outcomes in later development; more specifically, if pragmatic language 

abilities can predict these outcomes above and beyond the predictive value of structural 

language abilities.

As children with SCT have a biological risk to develop language difficulties and have an 

increased risk for unfavorable behavioral outcomes, it is important to investigate possible 

underlying mechanisms of these behavioral outcomes, for example early language and 

communication abilities. Focusing on pragmatic language, thus considering communication 

in a broader perspective than structural language alone, may yield important insights in this, 

and could help identify early markers for children with vulnerable behavioral development.

Materials and methods

Participants

The present study is part of a larger ongoing project (TRIXY Early Childhood Study) at 

Leiden University, which included children with SCT and nonclinical controls aged 1–7 

years. The TRIXY Early Childhood Study is a longitudinal study that aims to identify 

neurodevelopmental risk in young children with an extra X or Y chromosome. For the 

present study, both children with SCT and children in the control group aged 3–7 years 

during the initial visit were included.

Clinical genetic departments, pediatricians, and national advocacy or support groups in 

the Netherlands, Colorado USA, and Belgium participated in the recruitment of children 

with SCT. Assessment took place in the Netherlands (Trisomy of the X and Y—TRIXY—
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Expert Center) and the USA (Children’s Hospital Colorado eXtraordinarY Kids Clinic in 

Developmental Pediatrics at University of Colorado). The control group was recruited in the 

western part of the Netherlands. With the help of government institutions, the civil registry 

was accessed, and information brochures were distributed among families with children of 

eligible age. In addition, public sites such as daycare centers and public schools were asked 

to distribute information brochures as well. If parents were interested in the study, they were 

able to contact the researchers to discuss enrollment.

In both participant groups, the child as well as the (primary) parent/caregiver had to speak 

Dutch or English. Children were excluded when there was a history of traumatic brain 

injury, severely impaired hearing or sight, neurological illness, or color-blindness. Specific 

for the SCT group, the trisomy had to be present in at least 80% of the cells (confirmed by 

standard karyotyping). Within the control group genetic screening was not performed due to 

ethical reasons. However, based on the prevalence of SCT, the risk of a SCT karyotype in the 

control group was considered minimal and acceptable.

In the present study, 72 children with SCT (Mage = 4.80, SD = 1.29) and 71 controls (Mage = 

4.51, SD = .99) were included. There were no significant age or age-distribution differences 

between the children with SCT and controls (p = .138), nor were there differences in average 

age between children with XXX, XXY, or XYY (p = .605). Global intellectual functioning 

(GIF) was assessed with the Wechsler Preschool and Primary Scale of Intelligence third 

edition (WPPSI-III; Wechsler, 2002), or the Wechsler Nonverbal Scale of Ability (Wechsler 

and Naglieri, 2006). There was a significant difference in average GIF between the SCT 

and control group (p < .001, Cohen’s d = .81), but no significant difference between 

children with XXX, XXY, or XYY (p = .304). Highest level of parental education was 

used as an indication of socio-economic status (SES), if a child had two caregivers, SES 

was calculated as an average for both caregivers. There was a significant difference in SES 

between the SCT and control group (p = .021, Cohen’s d = .39); parents of children with 

SCT had a higher level of education. There were no significant differences in SES between 

children with XXX, XXY, or XYY (p = .525). Children recruited in the USA where White 

(85.3%), Black or African American (2.9%), Asian (2.9%), or ethnoracial background was 

unknown (8.8%). Ethnoracial background for the sample recruited in Western Europe was 

not available. Descriptive statistics for age, GIF, and SES can be found in Table 1.

Within the SCT group, both time of diagnosis and ascertainment bias were assessed. 

Regarding time of diagnosis, 40 children received the diagnosis prenatally (i.e. because 

of prenatal screening or advanced maternal age). Of the children that received a postnatal 

diagnosis (N = 32), reasons for genetic screening included developmental delay (N = 

14), physical and/or growth problems (N = 9), or medical concerns (N = 9). Regarding 

ascertainment bias, children were divided into three subgroups: A) “Active prospective 

follow-up” (43.1%), including families that were actively followed after a prenatal 

diagnosis; B) “Information seeking parents” (29.2%), including families who enrolled into 

the study to learn more about their child’s condition, but without having specific concerns 

about their child’s development, and C) “Clinically referred cases” (27.8%), including 

families who enrolled into the study after receiving professional help because of specific 

concerns about the development of their child. The distribution of prenatal and postnatal 
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diagnoses was similar across the three karyotypes (p = .998). There were no differences 

in the distribution of ascertainment bias across the three SCT karyotypes (p = .232). 

Descriptives of time of diagnosis and ascertainment bias can be found in Table 1.

Behavioral outcomes one year after initial assessment were studied. Data was available for 

48 children with SCT (23 XXY, 16 XXX, 9 XYY) and 58 children in the control group. 

The high number of dropouts was mostly due to the worldwide COVID-19 pandemic, where 

assessments had to be canceled or postponed (NSCT = 16; Ncontrol = 5), other reasons for 

dropout were developmental concerns (NSCT = 2; Ncontrol = 1), family circumstances (NSCT 

= 1), or the child being too old for the specific assessment battery (NSCT = 2; Ncontrol = 

1). For the remaining participants, reason for dropout was unknown (NSCT = 3; Ncontrol = 

6). On average, the behavioral assessments took place 52 weeks after the initial assessment 

(range 50–61 weeks). Ages during the follow-up assessment ranged from 4.08–8.03 years 

(Mage = 5.61, SD = 1.07). Baseline scores for neurocognitive and behavioral outcomes 

were compared between SCT children who were included in the follow-up assessment 

and children with missing follow-up data. Multivariate analyses of variance indicated no 

significant multivariate difference for cognitive outcomes (i.e. GIF, structural language, 

pragmatic language), Wilk’s Lambda = .98, F(3,61) = .42, p = .738, partial η2 = .02, 

or behavioral outcomes that were available for the entire age range, Wilk’s Lambda = 

.93, F(5,64) = 1.00, p = .428, partial η2 = .07. Participant demographics, neurocognitive 

outcomes and behavioral outcomes of the initial assessment are reported in Table 2 for the 

entire SCT group and the SCT group with follow-up data.

Procedure

This study was approved by the Ethical committee of Leiden University Medical Center, the 

Netherlands, and the Colorado Multiple Institutional Review Board (COMIRB) in Colorado, 

USA. Written informed consent according to the declaration of Helsinki was obtained after 

providing a description of the study to the parent(s) of the child.

The primary caregiving parent (92% biological mother) was asked to complete several 

questionnaires, including questionnaires regarding social-emotional, behavioral, and 

language outcomes. The child was assessed either in a quiet room at the university 

or at home. Assessments took place at various sites (Colorado USA, the Netherlands, 

Belgium). The testing set-up and research protocols were identical for all sites to permit 

standardization of the testing set-up. Researchers from Leiden University were responsible 

for project and data management (i.e. training and supervision of researchers, processing and 

scoring of data).

Due to the inclusion of participants from multiple sites, the tasks and questionnaires were 

administered in either Dutch or English. Tasks and questionnaires in both languages are 

formally validated and have sufficient psychometric properties. When applicable language-

specific norms based on population samples were used.
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Instruments

Structural language—Receptive language skills were assessed with the Peabody Picture 

Vocabulary Test (PPVT; Dunn & Dunn, 1997; Dunn & Dunn, 2005). Expressive language 

skills with the Expressive Vocabulary subtest of the Clinical Evaluation of Language 

Fundamentals Preschool edition (CELF-P EW) and syntax with the Sentence Structure 

subtest of the CELF-P (CELF-P SS; Wiig et al., 2004; Wiig et al., 2012).

The PPVT assesses the child’s ability to comprehend spoken words. For each item, four 

black and white pictures were shown to the child, and the child was instructed to identify the 

word that was orally presented by the researcher. The CELF-P EV test assesses the child’s 

ability to label people, objects, and actions by looking at colored images. The CELF-P SS 

test assesses the child’s ability to interpret sentences of increasing length and structural 

complexity by identifying a picture out of four options that illustrates the orally presented 

sentence.

Pragmatic language

The primary caregiving parent of the child completed the pragmatics profile of the CELF-

P (Wiig et al., 2004; Wiig et al., 2012). The CELF-P pragmatics profile is a checklist 

including 26 statements that the parent rates on a 4-point scale (never, sometimes, often, 

always). The pragmatics profile assesses three subdomains: (1) The child’s non-verbal 

communication abilities (7 statements; e.g. the child appropriately responds to a familiar 

person’s angry, happy, or sad tone of voice), (2) the child’s ability to request, give, and 

respond to information (12 statements; e.g. the child appropriately asks questions if he or 

she is confused), and (3) the child’s conversational routines and skills (7 statements; e.g. 

the child appropriately introduces new conversation topics). Answers for the statements on 

the three subdomains were added to total sub-scores and answers on all statements were 

summed to a total (raw) score. Higher scores indicate better pragmatic abilities.

Behavioral outcomes

The primary caregiving parent of the child completed two questionnaires to assess 

behavioral outcomes: The Ages-and-Stages Social-Emotional Questionnaire (ASQ-SE-2; 

Squires et al., 2015) and the Child Behavior Checklist (CBCL; Achenbach and Ruffle, 

2000). For both questionnaires, the primary caregiving parent completed the age-appropriate 

version.

The ASQ-SE-2 assesses social- and emotional development on seven behavioral constructs. 

The used form depends on the age of the child, with number of questions ranging from 19 

to 33. Items were answered on a 3-point scale (rarely or never, sometimes, most of the time) 

and for each item parents indicated if the specific behavior was a concern. Answers on the 

items and the number of concerns indicated add up to a total raw score, with higher scores 

indicating an increased risk for social-emotional deficits or delays.

The CBCL is a standardized measure of behavioral problems. Answers on the items yield 

several outcomes, including the DSM-oriented scales. Depending on the used form (i.e. 1.5–

5 or 6–18 years), the DSM-oriented scales consist of five or six profiles. In this study, the 
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following profiles were assessed (with number of items on the 1.5–5- and 6–18-year version 

respectively): 1) Affective problems (as an indication for mood disorders, 10/13 items), 

2) Anxiety problems (10/6 items), 3) Pervasive developmental problems (as indication of 

disorders on the autism spectrum, included in 1.5–5 year old version only), 4) Attention 

deficit/hyperactivity problems (6/7 items), and 5) Oppositional defiant problems (6/5 items). 

Items were answered on a 3-point scale (not true, somewhat or sometimes true, very true or 

often true), with higher scores indicating more behavioral problems.

As the number of total items differs between the ASQ-SE-2 versions and between the CBCL 

1.5–5 and 6–18 versions, raw scores were corrected for the maximum possible score and 

multiplied by 100. Raw scores were preferred due to greater variability in scores and as raw 

scores are more appropriate for parametric statistical analyses. By correcting these scores, 

we were able to include children of all ages in the analyses (with the exception of the DSM 

pervasive developmental problems scale), with higher scores denoting more problems. Due 

to the small sample of children with scores on the CBCL somatic problems and conduct 

problems (N < 20), these scales were discarded.

Statistical analyses

Data were analyzed with the Statistical Package for the Social Sciences (SPSS) Version 25. 

Level of significance was set at p ≤ .05. Effect sizes were calculated with partial η2 and 

interpreted according to the guidelines by Cohen (1988).

Types of scores

Several scores were used. First, summed scores on the three pragmatic subdomains were 

used for the pragmatic language outcomes. Second, a criterion score was used to assess 

if the total pragmatic score is appropriate for the child’s chronological age (e.g. children 

between the ages of 3.5 and 4.5 years are expected to have a raw total score of at least 

67). Children where then classified as having “met” or “not met” age expectations. This 

age-criterion is provided for the American version of the CELF-P pragmatics profile and to 

evaluate if the same age-criterion scores could be used in the European sample, the total 

CELF-P pragmatic scores were compared between the research sites (USA vs NL/BE). As 

the USA group was younger, age was included in this analysis. No significant differences 

were found, F(1,69) = .02, p = .882, partial η2 < .01, therefore the age-criterion scores were 

used in the European sample as well. Third, to compare children with and without language 

difficulties in the SCT group, raw scores for expressive semantic and receptive semantic 

skills were converted to normed scores according to the instrument manual. Next normed 

scores for these subtests were individually converted into z-scores with a psychometric 

conversion table for neuropsychological tests (Lezak et al., 2004). Children were considered 

as having a “language impairment” if they had a z-score of −1.25 on the receptive (PPVT) 

and/or expressive (CELF-P EV) structural language task(s); a deviation of 1.25 SD or more 

below the mean on either receptive or expressive language is often specified as a specific 
language impairment in the literature (Tomblin et al., 1996). Lastly, a “structural language 

score” was calculated by averaging the child’s converted z-scores on the PPVT, CELF-P 

EV, and CELF-P SS. At least two of the three scores had to be available in order for the 

“structural language score” to be calculated.
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Covariates

As we used raw scores, average age of the groups and the age distribution per group was 

assessed with t-tests and Kolmogorov-Smirnov Z tests respectively. If there was a significant 

age difference and/or significant difference in the age distribution, age was included in the 

analysis as covariate.

As there were differences in GIF and SES between the SCT and control group, correlations 

were calculated between the total pragmatic language score, GIF and SES for the SCT and 

control group separately. There were significant correlations between the total pragmatic 

language score and GIF in both groups (SCT: r = .24, p = .050; Control: r = .32, p = .006), 

but no significant correlations between the total pragmatic language score and SES in either 

group (SCT: r = .20, p = .095; Control: r = .04, p = .756). For that reason, only GIF was 

included as covariate in analyses comparing the SCT and control group.

Analyses

Group differences SCT versus controls.—Multivariate analysis of covariance 

(MANCOVA) was used to compare pragmatic language (i.e. nonverbal communication; 

requesting, giving, and responding to information; conversational routines) outcomes 

between the SCT and control group. As specific SCT karyotype, time of diagnosis, and 

ascertainment bias could be relevant for the interpretation of the SCT versus control group 

results, the impact of these factors was explored with MANCOVA.

First, regarding karyotype specific outcomes, as there were no significant differences 

between boys and girls in the control group on pragmatic language outcomes (p ranged 

from .064 to .220), sex dependent effects were also not expected in the SCT group, therefore 

the three SCT karyotypes (XXX, XXY, XYY) were compared directly. There were no 

significant differences between the three SCT karyotypes on average age (p = .605) or 

distribution of ascertainment bias (χ2 = 5.59, p =.242), therefore only GIF was included as 

a covariate in this analysis. There was no significant multivariate effect for SCT karyotype 

after controlling for GIF, Wilk’s Lambda = .88, F(6,122) = 1.30, p = .263, partial η2 = 

.06, indicating that pragmatic language outcomes are comparable across karyotypes. Second, 

regarding time of diagnosis, children with a prenatal diagnosis were significantly younger 

than children with a postnatal diagnosis (p = .024), therefore age was included in the 

analysis as a covariate in addition to GIF. There was no significant multivariate effect for 

time of diagnosis after controlling for age and GIF, Wilk’s Lambda = .98, F(3,61) = .51, 

p = .675, partial η2 = .03, indicating that pragmatic language outcomes are comparable 

between children with a prenatal or postnatal diagnosis. Lastly, regarding ascertainment bias, 

there were no differences between the three ascertainment groups (i.e. prospective follow-

up, information seeking parents, or clinically referred cases) in average age (p = .660), 

therefore only GIF was included as a covariate in this analysis. There was no significant 

multivariate effect for ascertainment bias after controlling for GIF, Wilk’s Lambda = .84, 

F(6,122) = 1.85, p = .096, partial η2 = .08, indicating that pragmatic language outcomes 

are comparable between the three ascertainment bias groups. For each of these factors, the 

estimated marginal means per pragmatic subdomain can be found in Table 3.
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As no effects were found for karyotype, time of diagnosis, or ascertainment bias, these 

factors were not included in the subsequent SCT versus control group analyses. In addition, 

there were no differences in average age (p = .138) or age distributions (p = .137) between 

the SCT and control group, therefore age was not included as a covariate in this analysis. 

Due to the significant correlations between GIF and pragmatic language, GIF was included 

as a covariate in analyses comparing the SCT and control group.

Associations with structural language.—To assess if difficulties with pragmatic 

language were associated with structural language impairments, three groups were 

compared: SCT with structural language impairment, SCT without structural language 

impairment, and controls. See “types of scores” for our definition of language impairment. 

As there were two children (1 SCT and 1 control) without a score on either the expressive 

or receptive structural language task, data from these children was discarded from this 

analysis. There was no difference in the distribution of SCT karyotypes between the SCT 

with language impairment and without language impairment, χ2 = .97, p = .617. There was 

a significant difference in average age between the three groups (p = .039), therefore, age 

was included as a covariate.

Clinical classification.—With frequencies and a Chi-square test, the classification of 

children who did and did not meet the age-criterion was compared between the SCT and 

control group. With odds ratio, the risk of having a “clinical score” (i.e. not meeting the 

age-criterion) was assessed.

Developmental stability.—To test if possible SCT versus control differences on 

pragmatic language are stable across ages, a PROCESS moderation analysis (Hayes, 

2017) was used. Research group (SCT versus controls) was included as predictor, age as 

moderator, and pragmatic total score as dependent variable. First, the research group x age 

interaction was assessed. In case of a nonsignificant interaction effect, a linear hierarchical 

regression analysis followed to assess the effect of research group (step 1) and to assess the 

effect of age on top of research group (step 2; method = Enter). If including age improved 

the initial model, the results from the second model were interpreted.

Predictive value of structural and pragmatic language abilities on behavioral 
outcomes.—Linear hierarchical regression analyses (enter method) were used to assess 

the predictive value of structural and pragmatic language abilities on behavioral outcomes 

(i.e. ASQ social-emotional problems and CBCL-DSM scales; affective, anxiety, pervasive 

developmental, attention deficit, and oppositional defiant problems) one year later. For each 

behavioral outcome separately, structural language outcome was added to the model in 

the first step, and pragmatic language outcome in the second step (enter method). When 

including pragmatic language in the second model resulted in an improvement with respect 

to the first model (significant F change < .05), the model including both structural and 

pragmatic language was interpreted and reported. Multicollinearity was assessed with the 

variance inflation factor (VIF). VIF values below 10 were deemed acceptable (Meyers et al., 

2006). Part correlations were used as an indication of the percentage of variance accounted 

for uniquely by each predictor.
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Results

Pragmatic language: SCT versus controls

There was a significant multivariate effect for research group after controlling for GIF, 

Wilk’s Lambda = .89, F(3,133) = 5.53, p = .001, partial η2 = .11, indicating a moderate 

to large effect. Univariate effects showed significantly lower scores in the SCT group on 

all three subdomains, with effect sizes indicating small to medium effects for nonverbal 

communication and conversational routines and a moderate to large effect for requesting, 

giving, and responding to information. Univariate outcomes per subdomain can be found in 

Table 4.

Within the SCT group, 25% of the children did not meet their age-criterion (18 out of 72 

children), whereas in the control group 1.4% of the children did not meet their age-criterion 

(1 out of 71 children). A Chi-square test indicated that that the distribution between SCT 

children and the control group was significantly different, χ2 = 17.27, p < .001. Odds ratio 

indicated that the risk of a “clinical score” (i.e. not meeting the age-criterion) was 23 times 

higher in the SCT group compared to the control group.

Pragmatic language: associations with language impairment

There was a statistically significant multivariate effect of group (SCT with structural 

language impairment, SCT without structural language impairment, control) after 

controlling for age, Wilk’s Lambda = .74, F(6,270) = 7.45, p < .001, partial η2 = 

.14, indicating a large effect. Univariate effects showed significant differences between 

the three groups for all three subdomains, with effect sizes indicating a moderate to 

large effect for nonverbal communication and large effects for requesting, giving, and 

responding to information and conversational routines. Significant univariate effects were 

further explored with pairwise comparisons based on estimated means. For the subdomains 

nonverbal communication and requesting, giving, and responding to information, children 

with SCT regardless of structural language abilities had lower outcomes than controls, 

with no differences between the SCT group with and without language impairment. For 

the subdomain conversational routines, children with SCT regardless of structural language 

abilities had lower outcomes than the control group, but in addition, children with SCT 

with structural language impairment also had lower scores than children with SCT without 

language impairment (p = .013). Estimated marginal means and pairwise comparisons can 

be found in Table 4.

Pragmatic language: developmental stability

The PROCESS analysis did not yield a significant research group (SCT vs controls) x age 

interaction, p = .989. The inclusion of research group as predictor in the linear regression 

analysis resulted in a significant model, F(1,141) = 24.02, p < .001. The addition of age 

significantly improved the model, F(2,140) = 17.02, p < .001 (R2
adjusted = .18, significance 

F change = .004). These results indicate that in both groups pragmatic language scores 

increase with age, and that children in the control group had higher pragmatic scores than 

children in the SCT group across age-bins. A visualization of results can be found in Figure 

1.
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Predictive value of structural and pragmatic language on behavioral outcomes one year 
later: SCT group

For all outcomes, results for each predictor included in the final model are presented in 

Table 5. A visualization of results can be found in Figure 2.

Unique predictive value of pragmatic language

For two of the behavioral outcomes, only pragmatic language was a significant predictor 

in the model. Taken together, results indicated that more affective problems and more 

oppositional defiant problems one year later were predicted by more pragmatic language 

difficulties.

First, structural and pragmatic language together explained 19.9% of the variance in 

longitudinal affective problems, F(2,42) = 5.23, p = .009, with pragmatic language uniquely 

accounting for 12.5% of the variance (p = .014). Structural language was not a significant 

predictor once pragmatic language was taken into account (p = .144), nor was it a significant 

predictor on its own (p = .070)

Second, structural and pragmatic language together explained 16.8% of the variance in 

longitudinal oppositional defiant problems, F(2,42) = 4.24, p = .021, with pragmatic 

language uniquely accounting for 16.5% of the variance (p = .006). Structural language 

was not a significant predictor once pragmatic language was taken into account (p = .919), 

nor was it a significant predictor on its own (p = .704)

Combined predictive value of pragmatic language and structural language

For three of the behavioral outcomes, both structural language and pragmatic language were 

significant predictors in the model. Taken together, results indicated that more attention 

deficit problems, more pervasive developmental problems, and more social-emotional 

problems one year later were predicted by more pragmatic language difficulties and more 

structural language difficulties.

First, structural and pragmatic language together explained 39.1% of the variance in 

longitudinal attention deficit problems, F(2,42) = 13.49, p < .001. Pragmatic language (p 
<.001) uniquely accounted for 24.7% of the variance and structural language (p = .022) 

uniquely accounted for 8.1% of the variance in attention deficit problems.

Second, structural and pragmatic language together explained 66.0% of the variance in 

longitudinal pervasive developmental problems, F(2,25) = 24.25, p < .001. Pragmatic 

language (p < .001) uniquely accounted for 27.6% of the variance and structural language (p 
< .001), uniquely accounted for 26.7% of the variance in pervasive developmental problems.

Third, structural and pragmatic language together explained 52.8% of the variance in social-

emotional problems, F(2,42) = 23.50, p < .001. Pragmatic language (p < .001), uniquely 

accounted for 39.1% of the variance and structural language (p = .021), accounted for 6.5% 

of the variance in social-emotional problems
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No predictive value of pragmatic language and structural language

For anxiety problems regression results did not yield a significant model, F(2,42) = 1.21, 

p = .308. Structural and pragmatic language were not predictive of longitudinal anxiety 

problems.

Predictive value of structural and pragmatic language on behavioral outcomes one year 
later: control group

Structural and/or pragmatic language were predictive for behavioral outcomes one year 

later in the control group as well. Structural language on its own was predictive for 

both oppositional defiant problems and attention deficit problems one year later, uniquely 

accounting for 9.1% and 15.5% of the variance respectively. Pragmatic language on its 

own was predictive for social-emotional problems one year later, uniquely accounting for 

10.4% of the variance. No predictive value of structural or pragmatic language was found for 

anxiety, affective, and pervasive developmental problems one year later. For all outcomes, 

results for each predictor included in the model are presented in Table 5.

Discussion

The aim of this study was two-fold. First, to determine if children with SCT also have 

compromised pragmatic language abilities; in other words, do children with SCT have 

communication deficits beyond structural language difficulties. Second, to determine if 

pragmatic language, above and beyond structural language, is predictive of neurobehavioral 

outcomes in later development.

With regard to the first aim, we addressed several questions. First, regarding average 

pragmatic language abilities, children in the SCT group had lower average scores on all 

included domains. These differences were not driven by SCT specific characteristics (i.e. 

karyotype, time of diagnosis, ascertainment bias). In addition, 25% of the children with 

SCT did not meet age expectations. Odds ratio indicates that the risk of having inadequate 

pragmatic language abilities is 23 times higher in the SCT group, compared to the control 

group. As the present study is one of the first studies to investigate pragmatic language 

abilities in children with SCT, it is important that findings of this study are replicated 

in other cohorts as our findings indicate that pragmatic language is a vulnerable domain 

for children with SCT. Pragmatic language abilities include nonverbal communication 

abilities, ability to request, give and respond to information, and the ability to engage 

in conversational routines. When nonverbal communication abilities are affected, this is 

possibly not only associated to someone’s ability to use nonverbal communication to send 

a message, but also to someone’s ability to understand nonverbal communication. When the 

ability to request, give, or respond to information or the ability to engage in conversational 

routines is affected, this could go together with someone’s ability to use language for 

different purposes or with one’s ability to follow the unspoken rules of conversation. These 

results show that in addition to structural language difficulties, pragmatic language can also 

be affected in this population. We suggest that these pragmatic language difficulties should 

be considered as part of a broader communication deficit. This is in line with findings 

that illustrate other difficulties in individuals with SCT that are part of or related to social 
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communication; such as difficulties with understanding someone else’s perspective (i.e. 

Theory of Mind; van Rijn et al., 2014; Bouw et al., 2022), the ability to adapt adequately to 

the situation, and further language and communication development (Matthews et al., 2018). 

Individuals with SCT are often described as shy, timid, and withdrawn (for a review see 

Leggett et al., 2010). In addition, social difficulties, for example difficulties with reading 

social signals such as facial emotional recognition (van Rijn et al., 2014; van Rijn et al., 

2018; Bouw et al., 2021) and tone of voice (Van Rijn et al., 2007) have been reported. 

Since pragmatic language abilities are interconnected with social skills and emotional 

understanding (Parsons et al., 2017), it is likely that these social difficulties in individuals 

with SCT are the result of a global communication deficit.

Second, we addressed the question whether pragmatic language problems were associated 

with language difficulties. Results indicated that not only children with language 

impairments experience difficulties with the social use of language, but rather that pragmatic 

difficulties are a more common characteristic within the SCT group. For nonverbal 

communication and requesting, giving, or responding to information, children in the SCT 

group on average had lower abilities than children in the control group, regardless of 

the presence of a language impairment. Children with SCT showed more challenges with 

engaging in conversational routines than controls, regardless of the presence of a language 

impairment, but these skills appeared to be even more compromised in children with 

SCT and language impairment. Taken together, these results show that pragmatic language 

abilities are a vulnerable domain in the SCT group, and that some pragmatic language 

abilities can be more pronounced when they co-occur with structural language abilities.

Third, looking at age-effects within this cross-sectional sample, results show that pragmatic 

language abilities continue to develop in both children with SCT and controls. However, 

across all ages, children in the SCT group had lower outcomes than controls. This suggests 

that, although pragmatic language abilities improve in children with SCT and that children 

with SCT do not necessarily deviate more from the norm when they get older, pragmatic 

language difficulties can be considered persistent in the SCT group.

Regarding our second aim—the predictive value of structural and pragmatic language on 

later behavior outcomes—our findings illustrate the relevance of language skills for a variety 

of neurobehavioral outcomes in both children with SCT as well as controls. In the SCT 

group, pragmatic language was predictive of a broader variety of behavioral outcomes 

than structural language, and for some behavioral outcomes the ability to use language 

as a social tool was the sole predictor. Thus, pragmatic abilities are important skills to 

consider in children with SCT, uniquely contributing to behavioral problems when also 

taking structural language into account. Although structural and pragmatic language were 

also predictive of behavioral outcomes in the control group, the pattern of the results differed 

from the results in the SCT group; the groups differed primarily in the predictive value of 

pragmatic language and to a lesser extend in the predictive value of structural language. 

The differences in the relation between pragmatic language and behavioral outcomes, in 

particular, were remarkable. For example, in the SCT group pragmatic language accounted 

for 39.1% of the variance in social-emotional outcomes, with a standardized beta coefficient 

of −.64. In the control group however, pragmatic language accounted for 10.4% in the 
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variance of social-emotional outcomes, with a standardized beta coefficient of −.34. These 

results illustrate the importance of pragmatic language in identifying children with an 

increased risk for later adverse behavioral outcomes. In a study with 4-year-old children 

from a community sample, children who met the criteria for pragmatic language impairment 

and thus had lower pragmatic scores showed more behavioral problems than their peers 

without pragmatic language impairment (Ketelaars et al., 2010). This finding is in line 

with the current paper and the current paper adds to this, by studying a group of children 

who biologically are at increased risk for language difficulties and unfavorable behavioral 

outcomes. As SCT has a clear genetic cause, the SCT population can serve as a “risk-

model,” providing a unique opportunity to study developmental pathways and underlying 

mechanisms of neurobehavioral problems and psychopathology. Taken together, the results 

of this study illustrate that the development of children with SCT follows a different 

path compared to controls and that difficulties with pragmatic language can serve as an 

early indicator for children with a more pronounced “at-risk” development, not only for 

children with SCT, but possibly in the general population as well. The striking finding that 

early social-communicative abilities explain a large part of the variance in neurobehavioral 

outcomes highlights the importance of early monitoring and the need for early support and 

intervention opportunities.

The results of this study have important clinical implications; they illustrate that early 

social-communicative abilities can be an important marker to identify children with SCT 

who are at risk for unfavorable outcomes at an early age, and for outcomes that are possibly 

also related to the risk for more severe psychopathology in later life. Thus, it is important 

to not only include structural language abilities, but also pragmatic language abilities in 

routine monitoring, and to look at the broader communication abilities of children with 

SCT. In addition, this shows that pragmatic language might be an important target for 

interventions as it is possible that supporting the development of pragmatic language could 

also have positive effects on behavioral outcomes. Lastly, it should be noted that although 

some children appear to be severely affected, other children are less affected or do not have 

notable differences from peers. In order to understand which children are vulnerable, it is 

important to gain more knowledge on the development of pragmatic language in young 

children with SCT.

The presence of an extra X or Y chromosome impacts the development of the brain 

(Raznahan et al., 2016); possibly including structures that are important for social 

communication. Although causality is not implied, the fact that difficulties with pragmatic 

language occur at an early age could be an important signal for deviant brain maturation. 

As SCT can be diagnosed prenatally, the impact of early mechanisms of developmental risk 

can already be studied from birth, providing the unique opportunity to study the earliest 

forms of communicative development in a homogenous group with a clear genetic cause. In 

contrast, studying groups of children with behavioral diagnoses, such as specific language 

impairment, limits this opportunity, as these children often form a heterogeneous group 

and children will not be identified until problems in daily functioning have presented 

themselves. In addition, as the results of this study illustrate the impact of the X and Y 

chromosome on pragmatic language outcomes, genes on these chromosomes could serve 

as possible candidate genes to explain variability in outcomes in the general population. 
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In sum, studying communication skills in young children with SCT could give valuable 

insight in underlying mechanisms and developmental pathways to neurodevelopmental 

impact and psychopathology, and therefore increase our understanding of development and 

developmental risk, not only in the SCT population, but in the general population as well.

Within the present study, we were able to include a relatively large group of children 

at a young age. Due to the longitudinal design, we were able to make predictions in 

behavioral outcomes over time, although some data was missing, primarily due to the 

worldwide COVID-19 pandemic. There were some limitations in this study. First, only 

children aged 3 years or older were included, whereas social interaction and communication 

can already be assessed in younger children. It is important to learn more about the social 

communication abilities in children who are followed from birth, to pinpoint if difficulties 

in social communication can already be detected from birth or if they occur as a result 

of the development of the brain. Second, with this international sample, we were able to 

include a large cohort of children. Although our findings did not indicate differences in 

children with SCT from the USA and from the Dutch speaking parts of Western Europe, 

future studies could further explore cultural differences. In addition, other factors that could 

possibly play a mediating role in pragmatic language outcomes could be explored further. 

In our study, there were differences in SES and GIF between the SCT and control group. 

This difference was accounted for by including GIF as covariate in the analyses. However, 

it should be noted that by including GIF as a covariate, shared covariance between GIF 

and pragmatic language is filtered out. This possibly could have led to an underestimation 

of pragmatic language difficulties. SES however, although different between the SCT and 

control group, did not appear to play a role in pragmatic abilities, as illustrated by the 

non-significant correlation. Also, we cannot rule out that some children may have received 

some form of care as usual intervention, targeting language and/or communication skills 

within the timeframe of the study, which could possibly impact the studied associations with 

later behavioral outcomes. Future studies should further look into the contribution of both 

environmental factors (e.g. the “language-richness” of the environment) and interpersonal 

factors (e.g. services received, including hormonal treatments in the XXY group). Third, 

the composite structural language score in this study was based on children’s expressive 

semantic skills, receptive semantic skills, and syntactic abilities. There is more to language 

and communication than the included parameters in this study and future studies are 

encouraged to add to the growing body of literature examining the development of language 

and communication skills and how these skills are related to behavioral outcomes in children 

with SCT. A fourth limitation of this study is the use of a parent questionnaire to assess 

pragmatic language outcomes. Pragmatic language can also be assessed with performance-

driven measures, participant transcript, or semi-naturalistic measures. Future studies are 

encouraged to incorporate a combination of these measures to gain a better understanding of 

the reach of pragmatic abilities in children with SCT. In addition, as the current study 

used parent questionnaires for pragmatic language outcomes and behavioral outcomes, 

but child-performance task as a measure for structural language, there is a possibility of 

shared-method variance which is a limitation of the design of the current study. However, 

although both pragmatic language outcomes and behavioral outcomes relied on parent 

reports (i.e. data was obtained from the same source), there was temporal dissociation 
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between the measurements (i.e. there was a one-year time lag between the measurement of 

the predictive pragmatic language measurement and the measurements of the behavioral 

outcomes (Tehseen et al., 2017; Podsakoff et al., 2003). In addition, the correlations 

between pragmatic language, structural language, and the behavioral outcomes were not 

substantially large (i.e. no correlations > .90; Tehseen et al., 2017); see supplementary 

materials Table A2. Therefore, we are confident that the reported results reflect meaningful 

associations in the light of the different methods we used. Nonetheless, caution is warranted. 

We therefore suggest that future studies only use one method for all predictive variables 

(i.e. use parent questionnaires or child performance task for both structural and pragmatic 

outcomes). Finally, while studies designed to analyze predictors of later outcomes such 

as this study are unique, it is important that future studies investigate the developmental 

trajectory of pragmatic language, behavioral outcomes, and the predictive value of language 

outcomes for behavioral outcomes across a longer time span. Within this study, we identified 

functions on the language and communication domain as building blocks for later behavioral 

outcomes. It is important to further explore other neurocognitive domains, for example 

social cognitive functioning or executive functioning, to further unravel which mechanisms 

underly adverse behavioral outcomes. It should be noted that the development of children is 

dynamic; child characteristics interact with behavioral outcomes. For example, a child with 

language difficulties may socially isolate, resulting in less language learning experiences, 

which eventually could lead to worse language outcomes. It is important to take this 

dynamic interaction into account. Taken together, future studies should look into the social 

communicative abilities of children under the age of three, investigate possible mediating 

factors, and project outcomes over a longer time period.

To conclude, our data suggest that children with SCT are at risk for communication deficits 

that extend beyond structural language abilities, including difficulties to use language in a 

social context. The relevance of early assessment of a broad spectrum of communication 

skills in addition to structural language skills is illustrated by the fact that pragmatic deficits 

are not limited to children with structural language deficits but can be identified in those 

without structural language deficits as well. Most importantly, the social use of language 

seems to have stronger predictive value than structural language abilities for a broad range of 

neurobehavioral outcomes one year later. Thus, it is important to monitor not only structural 

language development, but also pragmatic language development in young children with 

SCT, since pragmatic language development, can serve as a marker for children who are at 

risk of developing behavioral and social-emotional problems.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Pragmatic language abilities in the two groups (sex chromosome trisomy and control) at 

different ages (cross-sectional; NSCT = 72, Ncontrol = 71).
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Figure 2. 
Predictive value of structural language and pragmatic language on behavioral outcomes one 

year later in children with sex chromosome trisomy (Nrange = 29–48).
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Table 1.

Descriptives: children with sex chromosome trisomy versus controls.

SCT XXX XXY XYY Control XX XY p d
SCT 

comparisonse

Total N 72 27 29 16 71 40 31

Age—Mean (SD) 4.80 (1.29) 4.89 
(1.19)

4.61 
(1.35)

4.98 
(1.40)

4.51 (.99) 4.53 
(1.08)

4.49 
(.90)

.138 n.s.

Global intellectual 

functioningaRange

95.19 
(19.37) 
55–138

92.85 
(16.88) 
60–122

99.59 
(20.11) 
55–138

91.07 
(21.89) 
59–125

108.31 
(13.80) 
72–140

106.50 
(12.81) 
76–137

110.65 
(14.86) 
72–40

<.001 n.s.

Socio-economic 

statusb
5.90 (.96) 5.94 (.93) 5.98 

(.95)
5.66 

(1.03)
5.42 

(1.45)
5.21 

(1.37)
5.68 

(1.52)
.021 n.s.

Time of Diagnosis 
(prenatal/postnatal)

40/32 15/12 16/13 9/7 n.s.

Ascertainment bias 

(A/B/C)c
31/21/20 7/10/10 15/8/6 9/3/4 n.s.

Note: Scores represent Means (SD).

Abbreviations: n.s. = not significant; SCT = Sex Chromosome Trisomy.

a
Measured with the WPPSI-III or the Wechsler Nonverbal Scale of Ability; Data for 5 children with SCT was incomplete (1 XXX, 2 XXY, 2 

XYY).

b
Classified according to the criteria of Hollingshead: 0) No formal education; 1) Less than 7th grade; 2) Junior high school; 3) Partial high school; 

4) High school graduate; 5) Partial college or specialized training; 6) Standard college/university graduation; 7) Graduate/professional training.

c
A = Active prospective follow-up, B = Information seeking parents, C = Clinically referred.

d
p-value SCT versus Control comparison.

e
SCT comparisons: XXX versus XXY versus XYY.
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