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Abstract

Sex chromosome aneuploidies (SCAs) are the most commonly occurring aneuploidies in children 

with a collective prevalence rate of 1 in 500 live births. Prior research has documented SCAs are 

associated with an increased risk for early expressive language and gross motor delays, learning 

disorders, ADHD, autism spectrum disorder, anxiety, and executive function problems. Although 

SCAs have been historically under-diagnosed in young children, recent advances in noninvasive 

prenatal testing have resulted in an increasing nationwide cohort of infants with confirmed 

diagnoses. Consequently, early childhood support systems must prepare for an influx of children 

with known risks for associated developmental delays and potential school problems. This national 

survey aimed to update our understanding of current early childhood intervention services for 

young children with SCA in the United States and to describe parent perspectives and priorities. 

Descriptive statistics, chi-square tests, and logistic regression models controlling for parent 

education revealed a majority of respondents reported receiving public early childhood 

intervention services with speech therapy as the most common service. There were significant 

differences in early childhood intervention services by timing of diagnosis (prenatal vs. postnatal), 

number of sex chromosomes (trisomy vs. tetra/pentasomy), and geographic location. Parents 

described interventions as desirable and effective yet also difficult to obtain due to issues with the 

SCA phenotype, lack of provider knowledge, and challenges navigating the intervention systems. 

Results support the need for enhanced provider training in SCAs, policy change for early 

childhood intervention qualification criteria for SCA conditions, and collaboration between 

medical and early childhood settings.
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Sex chromosome aneuploidies (SCAs) are the most commonly occurring aneuploidies in 

children caused by additional sex chromosomes (X or Y), resulting in karyotypes that are 

trisomic (47,XXY; 47,XYY; 47,XXX) tetrasomic (48,XXXX; 48,XXYY; 48,XXXY; 

48,XYYY) and pentasomic (49,XXXXX; 49,XXXYY; 49,XXXXY; 49,XXYYY; 

49,XYYYY), with a collective prevalence of ~1 in 500 live births (Berglund et al., 2019; 

Coffee et al., 2009; Hamerton, Canning, Ray, & Smith, 1975; Jacobs, 1979; Nielsen, 1990). 

SCA conditions are associated with a constellation of phenotypic attributes with overlapping 

variability between and within each genotype. In undiagnosed individuals, many of these 

phenotypic features are underappreciated during the early childhood years as they are either 

relatively common in the general population (mild motor and language delays) or the 

features do not present until later childhood or adolescence (tall stature, learning problems, 

testosterone deficiency) (Ross et al., 2012; Tartaglia, Ayari, Howell, D’Epagnier, & Zeitler, 

2011; Wigby et al., 2016). SCA conditions often lack the more common indications for 

genetic testing during the early childhood years such as notable dysmorphic features, birth 

defects, or intellectual disability. Historically, SCA diagnoses for young children (under-age 

5) in the U.S. have been mostly limited to those prenatally identified (Abramsky & Chapple, 

1997), precluding unidentified children from receiving critical early childhood intervention 

services shown to mitigate risks for developmental delays in the general population 

(Shonkoff et al., 2009). Recent advances in noninvasive prenatal testing (NIPT) and 

subsequent obstetric professional societies issuing position statements for all women to be 

offered testing (Rose & Mercer, 2016), provide a growing opportunity to increase SCA 

prenatal ascertainment. Notwithstanding known variations in test accuracy and parent 

decision-making about termination (Ramdaney, Hoskovec, Harkenrider, Soto, & Murphy, 

2018; Shaffer, Caughey, & Norton, 2006), NIPT serves to identify a larger nationwide cohort 

of infants, confirmed by diagnostic testing pre- or postnatally, with SCAs who are 

subsequently also at risk for associated developmental delays. Parents of children with a 

confirmed diagnosis are commonly encouraged to proactively monitor development and 

seek evaluations or supports given these known risks. Consequently, early childhood support 

systems must prepare for this influx of children diagnosed with SCAs and the associated 

need to address presenting or potential developmental delays.

1 | EARLY CHILDHOOD INTERVENTION SERVICES

In the U.S., public disability services for young children are provided under the 2004 

Individuals with Disabilities Education Act (IDEA), Parts C (birth to 3 years of age) and B 

(3 to 5 years of age) through the US Department of Education (IDEA, 2004). Table 1 

provides a list of commonly used acronyms in early childhood interventions and special 

education. The child find mandate of IDEA requires states to provide multidisciplinary 

evaluations to allow for the identification and referral of children with disabilities to 

intervention services. Infant and toddler services (ages birth to 3 years), known as Early 
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Intervention (EI), are typically coordinated by school districts or Departments of Health and 

Human Services, depending on the state. EI therapies are delivered through an 

Individualized Family Service Plan (IFSP) in the child’s “natural environment” such as the 

home or daycare setting. The emphasis of EI is on improving functional skills required to 

participate in the family routine, and engaging parents as active partners in the therapeutic 

process. Starting at age three, service delivery is managed by the local school district and 

delivered through an Individualized Education Program (IEP) in an early childhood special 

education (ECSE) setting such as preschool. Disability categories under IDEA for an IEP 

include developmental delay, autism, other health impairment, specific learning disability, 

intellectual disability, and emotional disturbance. Each category has a specific set of criteria 

required for an educational diagnosis. ECSE aims to prepare young children with the pre-

academic, social-emotional, and behavioral skills required for kindergarten readiness.

2 | EARLY CHILDHOOD INTERVENTION IN SCA

Developmental outcomes are highly variable in SCA, depending on the type (X or Y) and 

number (trisomy vs. tetrasomy/pentasomy) of extra chromosomes, and timing of diagnosis 

(prenatal versus postnatal diagnosis). Despite this variability, there is a clear pattern of 

increased risk across SCAs for early developmental delays. Expressive language and gross 

motor skills are domains of particular concern with 50–75% of young children with SCA 

demonstrating delayed communication and motor milestones in early prospective studies 

(Bender, Linden, & Robinson, 1993; Robinson, Bender, & Linden, 1990; Salbenblatt, 

Meyers, Bender, Linden, & Robinson, 1987, 1989). In older children with SCA, average IQ 

scores range from 5 to 15 points lower than the mean in the general population, and all SCA 

conditions are associated with increased risk for ADHD, social skill deficits, learning 

disabilities, and executive function deficits (Boada, Janusz, Hutaff-Lee, & Tartaglia, 2009; 

Tartaglia, Ayari, Hutaff-Lee, & Boada, 2012; van Rijn et al., 2014; van Rijn & Swaab, 2015; 

Wigby et al., 2016). School-aged children with SCA have been shown to have lower overall 

school performance than expected based on sibling controls, with 50–75% requiring some 

type of special education supports (Bender, Linden, & Harmon, 2001; Rovet, Netley, 

Keenan, Bailey, & Stewart, 1996). With this constellation of known risks, we can 

hypothesize that many children with SCA could benefit from intervention services at an 

early age.

Unfortunately, research on early childhood intervention services for children with SCAs is 

outdated and limited in scope, with little to no information on early therapies for young 

children with SCA in the U.S. Prospective studies from the 1960s to 1970s followed small 

cohorts of neonatally diagnosed children with SCA throughout the lifespan, however 

research outcomes prior to age 6 primarily focused on individual medical and early 

developmental features rather than rates of public intervention services. One Danish study 

(Nielsen & Sorensen, 1979) reported that 9 of the 16 young children with SCA in their study 

cohort received early speech therapy services, and 3 of the 6 participants who were enrolled 

in kindergarten had “school problems” as reported by classroom teachers. Specific 

problematic preschool classroom behaviors included social difficulties (shyness, isolation, 

immaturity, and aggression), overreliance on teachers, and early learning problems.
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Early intervention services and special education laws in the U.S. have changed drastically 

since these studies were conducted with the introduction of Part C to IDEA in 1986, a 

movement toward more inclusive special education settings (Gargiulo & Bouck, 2020), and 

a new appreciation for the critical role of early experiences on brain development (Shonkoff 

et al., 2009). It is necessary to update our understanding of the way young children with 

SCAs are supported in the U.S. in order to provide guidance to families as they navigate 

intervention systems, as well as to inform providers and policy makers about the needs for 

this unique pediatric population. This study aimed to quantitatively assess the current state 

of early childhood intervention services in a sample of young children with SCA, as reported 

by parent survey, and to qualitatively describe parent priorities and perspectives on early 

childhood intervention services and systems.

3 | METHODS

3.1 | Study design and recruitment

This study was part of a larger, cross-sectional, electronic international survey using mixed 

methods to assess early therapies, school supports, and educational outcomes for children 

with SCA conditions. Participants were recruited through social media websites and email 

lists for the eXtraordinarY Kids Clinic of Children’s Hospital Colorado and the Association 

for X and Y Chromosome Variations (AXYS). Data were collected between May 15 and 

July 15, 2019. Inclusion criteria were parents or caregivers of children ages birth to 21-years 

with a postnatally confirmed diagnosis of SCA. All participants provided consent for 

research prior to completing the survey, results were kept anonymous, and the study was 

approved by the Colorado Multiple Institutional Review Board (#19–0555).

A total of 550 surveys were returned. The subset of data used in this analysis included only 

those participants living in the U.S. with children who had not yet entered Kindergarten (n = 

105). Given the difference in early intervention programs in other countries, international 

respondents were excluded from analysis. Respondents with children over 5.5 years of age 

were not included in this specific analysis to allow for evaluation of data in the context of 

current EI practices and to limit the impact of inconsistent parent recall of services. Results 

from parents of school-age children and adolescents will be presented in a subsequent 

manuscript.

3.2 | Instrument

Study data were collected and managed using REDCap electronic data capture tools hosted 

at The University of Colorado Anschutz Medical Campus (Harris et al., 2009). REDCap 

(Research Electronic Data Capture) is a secure, web-based application designed to support 

data capture for research studies. Questions were developed and revised by research team 

members with expertise in early therapies, special education law, EI/ECSE, and SCA 

conditions. A draft was piloted with two parents of children with SCA and parent feedback 

led to several revisions of the instrument to ensure content and face validity. The survey 

consisted primarily of closed-ended and multiple-choice questions to be used for 

quantitative analysis to describe the supports for this population with demographic questions 

based on standards set by the National Institutes of Health (NIH). Open-ended questions 
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were also included to elicit emergent themes about parent perspectives on early childhood 

supports for young children with SCAs. Respondents were asked to report on their child’s 

current early intervention services; those with children ages 3–5 years were also asked to 

retrospectively report on their child’s experiences with early intervention services when they 

were under the age of three. Surveys took an estimated 5–20 min for parents to complete 

depending on the length of qualitative responses and the age of their child.

3.3 | Analysis

Descriptive statistics (frequency, percentage, mean, SD, range) were calculated to describe 

the demographic characteristics of the sample and intervention service provision. Results 

were stratified by child ages and service delivery systems (infant/toddler for birth to 3-years 

and preschool for 3–5.5 years), timing of diagnosis (pre- vs. postnatal within the trisomy 

SCAs), type of SCA (trisomy vs tetra- or pentasomy conditions), and US region (U.S. 

Census Bureau, 2015) (Northeast, Midwest, South, West; see Table 2). Chi-square and 

Fisher’s exact tests were used to compare groups with significance set at p < .05. Because 

these analyses were intended to be descriptive and hypothesis-generating, no adjustments 

were made for multiple comparisons. Logistic regression models were used to control for 

the effects of parent education (advanced degree or no advanced degree), and all statistics 

reported in text are controlled for parent education unless otherwise stated. All statistical 

analyses were conducted in SPSS 26 and Prism Graphpad v8.1.2.

Qualitative analytic procedures included a thematic analysis of parent responses to open-

ended survey questions. Open-ended survey responses were uploaded into ATLAS.ti v8.3.1 

software for data management and coding purposes. Two independent coders (TT and SD) 

with training and expertise in qualitative methods, SCA, and early childhood interventions 

utilized a bioecological systems theory as the conceptual framework for analysis. 

Bioecological systems theory acknowledges the transactional relationships between an 

individual and his or her surrounding support systems and how these interactions impact 

human development (Bronfenbrenner, 1994). Coding was both deductive (assigning a 

bioecological system level code to each unit of meaning, for example, individual, micro, 

meso, exo, macro) and inductive (open coding derived directly from data) (Creswell & 

Clark, 2017). Consensus coding was achieved through team discussion and an iterative 

reexamination of the data until we reached saturation of codes. Codes were collapsed and 

combined into broad categories, resulting in a thematic description of parent priorities in 

early childhood intervention services. We ensured credibility of themes through 

triangulation with quantitative survey results and discussion with a multidisciplinary team of 

SCA providers (genetic counselor, developmental pediatrician, pediatric endocrinologist, 

and psychologist). Member checking was conducted with two parents of older children (one 

school-age, one young adult) with SCA, both of whom are active in the SCA advocacy and 

support community, to check for transferability (Carlson, 2010). Both parents indicated 

results resonated with their own experiences and those they have heard in support groups 

and on discussion forums.
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4 | RESULTS

4.1 | Sample

Demographics for the 105 survey participants and their children with SCA are presented in 

Table 2. The sample was evenly split between the infant and toddler (n = 52) and preschool 

(n = 53) groups, ages birth to 5.5 years of age (M ± SD, 2.34 ± 1.61) and was well-

distributed across major U.S. regions (Northeast = 15%, Midwest = 28%, South = 31%, 

West = 28%) with respondents from 32 out of 50 states. A majority of survey respondents 

were mothers (89.5%); 72.4% reported their child had received a prenatal SCA diagnosis. 

Trisomy conditions (XXY, XYY, XXX; n = 90) were more common than tetrasomy or 

pentasomy conditions (XXYY, XXXY, XXXXY, XXXXX; n = 15) and there were several 

significant differences between the trisomy and tetra/pentasomy groups. Survey respondents 

in the trisomy group were older (38.04 ± 0.54 vs. 33.2 ± 1.3, p = .001) and more likely to 

have an advanced degree (e.g., higher than a bachelor’s degree) than parents in the tetra/

pentasomy group (48.9% vs. 13.4%, p = .011). Children with trisomy conditions were 

younger (2.12 ± 0.16 vs. 3.67 ± 0.33, p < .001) and more likely to have had a prenatal 

diagnosis (82.2 vs. 13.3%, p < .001). Children with tetra/pentasomy conditions were more 

likely to carry clinical diagnoses of language disorder (21.1 vs. 66.7%, p = .001) and autism 

spectrum disorder (ASD; 1.1 vs. 26.7%, p = .001) compared to the trisomy group.

4.2 | Early childhood intervention services in SCA

Survey results indicate the majority of respondents in this study reported their child received 

public and/or private early childhood intervention services prior to entering kindergarten 

(Figure 1). Public early childhood intervention services were common across the SCA 

karyotypes; over half of all respondents reported their child received EI and/or ECSE 

services at some point in early childhood. Specifically, 63.6% of girls with 47,XXX, 58.3% 

of boys with 47,XXY, 71.4% of boys with 47,XYY, and 86.7% of children with tetra/

pentasomy SCA reported receiving public (EI/ECSE) intervention services. Private-pay 

therapies were also common, with 63.6% of girls with 47,XXX, 70.8% of boys with 

47,XXY, 71.4% of boys with 47,XYY, and 80% of children with tetra/pentasomy SCA 

receiving some kind of private (insurance/cash pay) therapies in their early childhood years. 

As can be seen in Figure 2, many reported a combination of private and public therapies. 

The proportion of patients receiving private therapies did not differ based on parent 

education level (p = .390).

4.2.1 | Infant and toddler group—Over 60% of the current infant and toddler group (n 
= 52) reported their child received a multidisciplinary EI evaluation through their local Child 

Find agency and over half (59%) of the total survey respondents (n = 105) reported their 

infant/toddler received some type of EI services (Table 3). The most frequently reported EI 

service was EI speech therapy (43.8%), followed by EI physical therapy (33.3%), EI 

occupational therapy (26.7%), and EI early developmental stimulation provided by an infant 

and toddler early childhood special educator (21.9%). There were no significant differences 

in rates of reported EI services between parents with advanced degrees and those without 

advanced degrees (p = .692). A majority of the infants and toddlers currently receiving EI 

services (n = 23) received 1 hr or less of EI therapies per week in the home, with 70% 
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reporting 30–60 min per week, 26% reporting less than 30 min per week, and only one 

respondent reporting over 60 min per week.

Parents of infants and toddlers with trisomy SCA were less likely to report receiving EI 

services than those with tetra/pentasomy conditions (trisomy = 54.4 vs. tetra/pentasomy = 

86.7%, p = .033; Figure 2). Specifically, the tetra/pentasomy group was more likely than the 

trisomy group to report receiving EI speech therapy (p = .009), EI physical therapy (p 
= .047), and more than one EI therapy (p = .025), but not more likely to report receiving EI 

occupational therapy or early developmental stimulation/special education. Within the 

trisomy group only, there were no significant differences in reported EI service rates or 

service delivery minutes by timing of diagnosis (pre- vs. postnatal) or by karyotype 

(47,XXX vs. 47,XXY vs. 47,XYY).

Within the infant and toddler group who reported they were currently receiving services, 

21% also reported receiving privately funded therapy outside of EI services (Table 3). 

Parents of children with trisomy SCA were significantly less likely to report receiving 

private therapies than those with tetra/pentasomy SCA (trisomy = 16.7% vs. tetra/pentasomy 

= 75%, p = .042), likely due to more significant developmental delays.

4.2.2 | Preschool group—Within the preschool sample (n = 53), 75% reported their 

child received an ECSE multidisciplinary evaluation through their school system and over 

half (58.5%) reportedly received Part B ECSE services (Table 3). The most frequently 

reported ECSE service was speech therapy (45.3%), followed by preschool/academic 

support (37.7%), physical therapy (26.4%), occupational therapy (22.6%), and social skills/

behavioral supports (18.9%). There were no significant differences in rates of reported 

ECSE by parent education. The majority of preschoolers received 2 hr or less of ECSE 

services per week with 42% reporting 30–60 min of ECSE each week and 23% reporting 

60–120 min per week. Nearly 80% of preschoolers with SCA received ECSE in an inclusive 

setting alongside typically developing peers. There were no significant differences in the 

proportion of children in inclusive versus self-contained classrooms by age, SCA condition, 

U.S. region, parent education, timing of diagnosis, or additional developmental diagnoses. 

As seen in the infant and toddler group, there were significant differences for preschool 

children with trisomy versus tetra/pentasomy SCA. Parents of children with trisomies were 

less likely to report having a multidisciplinary evaluation (69 vs. 100%, p < .001) and 

receiving any ECSE services (47.5 vs. 100%, p = .001). Of note, parents of children in the 

trisomy group reported receiving significantly fewer therapies than those in the tetra/

pentasomy group in all domains other than speech therapy, the ECSE category with the 

highest rates for all preschoolers.

Within the trisomy preschool group, (n = 42; Table 4, Figure 3), those with a prenatal 

diagnosis were less likely to report receiving ECSE services (36.4 vs. 88.9%, p = .033). 

Specifically, parents of postnatally diagnosed preschoolers were more likely to report 

receiving ECSE speech therapy (p = .011) and more than one ECSE therapy (p = .018). 

ECSE services were also analyzed by SCA condition within the trisomy conditions (Table 

4). Boys with 47,XYY were eliminated from the analysis due to small sample size in the 

preschool group (n = 2). In an unadjusted chi-square analysis, parents of boys with 47,XXY 
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were significantly more likely to report receiving more than one ECSE service than parents 

of girls with 47,XXX (p = .037). There were no other significant differences in reports of 

ECSE services between girls with 47,XXX and boys with 47,XXY.

In addition to public ECSE services, a majority of the preschool group also attended private 

preschool (62.3%), with no significant differences between trisomy and tetra/pentasomy 

conditions (Table 3). Forty-three percentage of the total preschool group reported some type 

of private therapy, and those with tetra/pentasomy SCA were significantly more likely to 

report receiving private therapies than those with trisomy SCA (72.7 vs. 35.7%, p = .030).

4.2.3 | Provider knowledge of SCA—Parents reported mixed perceptions of EI/ECSE 

provider knowledge about SCA conditions and how SCA can impact developmental 

outcomes (Figure 4). Over half reported their child’s provider has little to no information 

(slightly informed or not informed at all) on SCA conditions and no parents described their 

child’s provider as “highly informed” about SCA conditions.

4.2.4 | Regional differences—Survey responses were analyzed to evaluate any 

significant differences in frequency of children receiving EI and ECSE services by U.S. 

region (Figure 5). Results indicate parents with preschool children in the Northeast were 

significantly more likely to report receiving ECSE than the other three U.S. regions (p 
= .007), and parents of preschool children in the U.S. West were significantly less likely to 

report receiving ECSE (p < .001). There were no regional differences in parent reports for EI 

therapies or in provider/therapist knowledge of SCA conditions.

4.3 | Qualitative results

Roughly half (51%) of survey respondents provided open-ended, qualitative text responses 

(Infants/Toddlers = 20; Preschool = 34; Total = 54). Qualitative analysis revealed two major 

themes: Slipping through the cracks and a need for public awareness.

4.3.1 | Slipping through the cracks—Parents reported borderline developmental 

assessment scores that miss the cutoff for service qualification and a profile of invisible 
disabilities associated with SCA that may be overlooked by unaware early childhood 

educators.

Missing the cutoff: Many parents described early childhood interventions as desirable and 

effective; as one parent stated: “The more therapy, the better.” However, parents reported 

that when their children scored in the borderline, or subclinical range on standardized 

developmental assessments they struggled to qualify for publicly funded EI and ECSE 

therapies (in states where SCA is not an automatically qualifying diagnosis). One parent 

wrote: “It is really disappointing to know that we have a medical diagnosis that shows she 

needs support however we essentially have to wait for her to fail in public schools before 

they will start helping with speech or occupational therapy.” Another reported: “My son was 

denied early intervention because the qualifications are based on amount of words. Since he 

had the ‘right’ number of words, even though they were unintelligible, he was denied.” 

Although the goal of early childhood intervention services is prevention, local systems may 

not qualify mildly delayed children for early therapies.

Thompson et al. Page 8

Am J Med Genet C Semin Med Genet. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Invisible disabilities: Parents frequently described a profile of expressive language delays 

and a shy, passive temperament in their young children. This combination may present as an 

absence of problematic behaviors (interrupting, hyperactivity, or unsafe behaviors) and, thus 

may be overlooked by early educators in the classroom. These behaviors have implications 

and parents reported a constellation of challenges with peer socialization, self-advocacy, and 

early learning. As one parent stated: “He is shy, and his language delay makes it difficult 

[for him] to communicate with peers and teachers in a fast-paced preschool environment.”

4.3.2 | A need for public awareness—Survey respondents frequently described 

themes of Uninformed Providers in addition to other Challenges in Navigating the 
Intervention Systems as they advocate for their children.

Uninformed providers: Many respondents reported they were surprised at the lack of 

training their physicians and early childhood therapists had in SCA. One parent of a child 

with 48,XXYY stated: “No one, I mean NO ONE, has ever heard of X & Y chromosome 

variations. Our PCP has never heard of it. Not a single doctor. Not a single therapist. How 

are people supposed to help when they are not informed? I’ve been educating our doctors 

and therapists. We need more awareness!” Another described fatigue from the problem: “It’s 

tiring to have to be the ones to teach all providers, therapists, social workers and doctors 

about what XXYY syndrome is when we first meet them.”

Challenges navigating the intervention systems: Numerous respondents reported a lack of 

awareness on how to best secure adequate early childhood intervention services. Those who 

had services often described them as positive experiences and highly effective for their 

children: “We did over a year of speech therapy and it made a huge difference. Very glad we 

were informed and pursued that aggressively.” However, some parents reported they did not 

understand the referral process: “I wish that we had gotten services in place earlier. I did not 

realize that you did not need a doctor’s referral for early intervention, or I would have called 

a lot sooner rather than the ‘wait and see’ approach that my pediatrician favored at the time.” 

Another described it as “a constant struggle to keep the supports and services we already 

have.” Differences in qualification criteria between Part B and Part C services, as well as 

differences by locality, create confusion for parents as they advocate for supports. As one 

parent described the situation: “We are left here floating in an ocean of not much help.”

5 | DISCUSSION

This study was the first national survey in the U.S. to explore parent and caregiver reports of 

early childhood intervention services for young children with SCAs. Overall, an 

overwhelming majority of survey respondents reported their child received public and/or 

private early childhood intervention services prior to entering kindergarten. Over half (64% 

of infant/toddlers and 76% of preschoolers) reported they received a free multidisciplinary 

evaluation through their local Child Find agency and ~60% of our total sample reported they 

subsequently received therapies through EI or ECSE. Speech therapy was the most 

commonly reported intervention service for both age groups (~40%), and roughly one-

quarter reported receiving occupational and/or physical therapy services. In addition, 40% of 

the preschool group reported receiving additional academic instruction and nearly 20% 

Thompson et al. Page 9

Am J Med Genet C Semin Med Genet. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



reported ECSE social skills support. Qualitative themes revealed that, although a majority of 

parents reported their child received early childhood interventions, many described 

challenges with accessing these services related to the SCA phenotype (borderline language 

delays and shy/passive temperament) and confusion regarding qualification criteria needed 

to access various intervention systems. Further, parents often cited that they were the ones to 

teach their child’s providers about SCAs.

Our sample reported significantly more public intervention services than the general U.S. 

population, as recent data from the Early Childhood Technical Assistance Center (ECTAC) 

show that only 3% of U.S. infants and toddlers receive therapies through EI and only 6% of 

preschoolers receive ECSE services (ECTAC, 2019). These data are encouraging as they 

support that a diagnosis of SCA fosters access to services. Despite challenges reported by 

parents, many children with SCA are able to access early intervention commensurate with 

their developmental delays, and these environmental factors have the potential to mitigate 

risk. The brain’s plasticity during early childhood enables high-quality early experiences 

such as sensitive parental interactions or early therapies to beneficially alter brain 

development (Bernier et al., 2019; Tottenham, 2014). Both EI and ECSE have demonstrated 

enhanced family well-being and parent efficacy (Bailey Jr. et al., 2005) and improved child 

outcomes across all developmental domains, including areas of known deficits for children 

with SCA such as early academics, problem solving, and social skills (Anderson et al., 2003; 

Gorey, 2001; Green, Terry, & Gallagher, 2014; Guralnick & Bruder, 2019). Prior studies 

have reported that up to 75% of children with SCA may require special education supports 

(Bender et al., 2001; Rovet et al., 1996), and early childhood interventions may also be a 

cost-effective measure that decreases the need for, or the intensity of, future and more 

expensive public support programs (Nores, 2020). Further, the majority of survey 

respondents (78.6%) reported their preschool children were educated alongside typically 

developing peers in inclusive classroom settings, which is slightly higher than the national 

rate (67%) (ECTAC, 2019). Research indicates that inclusive preschool classrooms have the 

best outcomes for children with IEPs (Guralnick & Bruder, 2016). While these findings need 

to be further explored specifically in the SCA population with attention to any differences 

needed for children with SCA, strong background literature in child development supports 

the role of EI and ESCE improving outcomes for at-risk children.

Interestingly, despite relatively high rates of reported EI and ECSE therapies in our survey 

sample, many parents nevertheless reported services were difficult to access due to 

confusing qualification criteria, their child’s subclinical delays, and a lack of understanding 

from early childhood providers. While the qualitative and quantitative data strands of this 

study may appear to contradict each other, in reality, qualitative inquiry serves to expand 

upon quantitative results by describing the process parents experience when seeking early 

childhood intervention services, the quality of their interactions with early childhood 

professionals, and their emergent priorities that may not be fully captured when simply 

reporting rates of EI and ECSE (Creswell & Poth, 2017). Our results are in line with prior 

qualitative SCA research documenting parent perceptions of uninformed providers and 

outdated information on the internet (Bourke, Snow, Herlihy, Amor, & Metcalfe, 2014; 

Close, Sadler, & Grey, 2015), suggesting the burden is currently on parents to translate 
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complex medical information about SCAs into actionable interventions for the early 

education community.

Our results are consistent with prior research on neurodevelopmental profiles in SCA 

conditions. Within our sample, parent reported clinical diagnoses for speech language 

disorders (~28%) and ASD (~6%) were more than three times the estimated rates of 

diagnoses in the general U.S. population (speech disorders = ~6% (Law, Boyle, Harris, 

Harkness, & Nye, 2000), ASD = ~2%, Baio et al., 2018) which is consistent with prior SCA 

research (Bender et al., 1983; Tartaglia et al., 2017). High rates of reported speech therapy in 

both the infant/toddler and preschool age groups reflect well-documented risks for early 

language delays, while rates of reported occupational and physical therapy mirror 

recognized risks for early motor delays (Bender et al., 1993; Robinson et al., 1990; 

Salbenblatt et al., 1987, 1989). Reported rates of preschool supports for early academics and 

social skills indicate that later risks for learning disabilities and deficits in social cognition, 

previously identified in older populations (Boada et al., 2009; Tartaglia et al., 2012; van Rijn 

et al., 2014; van Rijn & Swaab, 2015; Wigby et al., 2016), may rise to a level of clinical 

significance as early as 3-years of age for some children with SCAs. Parents of children with 

tetra/pentasomy SCA reported higher rates of public and private therapies in both age 

groups, as expected based on documented phenotypes that typically include more significant 

degrees of delay (Tartaglia et al., 2011). Further, our finding that parents of children with 

postnatal diagnoses were more likely to report receiving ECSE service may be due to 

ascertainment bias in postnatally identified group related to developmental concerns 

(Robinson, Bender, & Linden, 1992), as compared with the prenatal preschool group with 

fewer areas of need and milder delays.

Differences based on timing of the diagnoses were not significant in our sample for EI 

services, which may be attributed to the Category 1 stipulation in Part C of IDEA, 2004, in 

which individual states have an option to automatically qualify infants and toddlers with 

diagnosed conditions that carry a high risk for developmental delays, such as genetic 

conditions or prematurity. Bypassing the requirement to demonstrate developmental delays 

(e.g., communication, cognition, motor, and/or adaptive skills), as is required to qualify for 

ECSE services, may have allowed more of the prenatally diagnosed infants and toddlers in 

our sample to access EI services. However, lists of qualifying conditions vary greatly by 

state and change frequently due to state budget and political decisions. A recent review 

(Barger et al., 2019) found that 47,XXY is specifically listed as an automatically qualifying 

condition for EI services in only 11 out of 50 states, but specific states and other SCA 

conditions were not listed in the report. Our results did not reveal regional difference in EI 

services, however as Category 1 lists differ state to state, our use of broad regions as defined 

by the U.S. Census may not have accurately captured geographic differences in the EI 

systems. Our results indicated differences in ECSE services by region, which may be 

attributed to variability in local assessment practices, service delivery models, or special 

education policies, which have all been previously shown to contribute to differences in how 

many children are served through Part B of IDEA, 2004 (Nowicki, 2019).
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6 | LIMITATIONS

Our study was limited by sample size (N = 105) and, unfortunately, it is not possible to 

know the actual number of diagnosed SCAs in the U.S. as there is not a centralized medical 

record system. With ~3.8 million births per year in the U.S. (Martin, Hamilton, Osterman, & 

Driscoll, 2019), and 1:500 born with SCAs (Berglund et al., 2019; Coffee et al., 2009; 

Hamerton et al., 1975; Jacobs, 1979; Nielsen, 1990), we can estimate up to 7,600 new SCA 

births per year. Only a fraction of these are currently diagnosed prenatally or in the first 5-

years of life (Abramsky & Chapple, 1997). Assuming an early diagnosis rate of 15%, there 

would be ~1,140 known diagnoses per year, multiplied by 5-years for the age range of the 

current study sample, is an estimated total of 5,700 diagnosed cases of SCA in U.S. children 

ages birth to five. Although this computation is rife with assumptions, it reveals some of the 

limitations of our sample. Furthermore, given this was an internet survey with an open URL, 

we are unable to determine how many families had access to the survey link but refused to 

participate, therefore we do not have a denominator to report the overall response rate.

As with any survey, parents who saw the advertisement and elected to participate may be 

more aware or proactive about their child’s developmental risks. Additionally, 44% of our 

survey respondents reported having an advanced degree compared with 13% of total U.S. 

adults (U.S. Census Bureau, 2018). Highly educated parents who access clinical listservs 

and advocacy websites may not represent the entire SCA population, and our results may 

over or underestimate rates of early childhood interventions in this population. Additionally, 

we used parent education as a proxy for socioeconomic status (SES) and did not collect data 

on family income or health insurance status. Results may have differed with regard to rates 

of services (especially private insurance/cashpay therapies) had we used other measures of 

SES. Finally, we have reported the prevalence of parent reported early childhood 

intervention services, however we cannot comment on how many did not receive therapies 

but would have benefitted from services. In our sample, more parents reported receiving 

multidisciplinary Child Find evaluations (infant/toddlers = 64%, preschoolers = 76%) than 

reported receiving EI/ECSE services (both groups = ~60%). However, we are unable to 

determine whether some children received evaluations but did not receive services because 

they did not present with qualifying developmental delays, qualification criteria were 

narrower in their state, parents declined services, or services were unavailable. Furthermore, 

we were unable to check IFSPs and IEPs for accuracy of parent report or developmental 

assessment results.

6.1 | Strengths

Despite these known limitations, this study offers several notable strengths, including the 

addition of a unique systems perspective to SCA research. We are adding to an established 

body of research on neurodevelopmental outcomes in SCA by examining how documented 

individual phenotypic traits in SCA are addressed through the various early childhood 

intervention service delivery systems. We recruited a relatively large, nationally 

representative sample of a narrow age window in a rare set of genetic conditions. Our 

sample was well distributed in terms of parent age, child age, SCA conditions, timing of 

diagnosis, and geographic region. We were able to ask detailed questions about specific 
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intervention services from both public and private systems in order to quantify and compare 

across key variables. Adding a qualitative component to the survey allowed us to elicit 

emergent priorities directly from families in order to guide our recommendations and future 

research priorities.

6.2 | Future directions

Our results signify a call to action for the SCA community due to the growing number of 

prenatally identified cases through NIPT. Historically, SCA diagnoses for young children 

(under-age 5) in the U.S. have been mostly limited to a small fraction of children who 

present with early developmental delays that prompt genetic testing, or those incidentally 

identified by prenatal diagnostic testing secondary to high risk pregnancies for autosomal 

aneuploidy (advanced maternal age, abnormal maternal biomarker screening, or ultrasound 

anomalies) (Abramsky & Chapple, 1997). The advent of NIPT in 2011 was followed by 

2016 American obstetric professional societies issuing position statements that all pregnant 

women, including those at low risk, should routinely be offered this testing (Rose & Mercer, 

2016). This presents a backdrop to increase SCA prenatal ascertainment. Evidence supports 

the increasing adoption of NIPT among low risk patients, as one NIPT lab observed a 13% 

increase in samples received from patients under 35 years old over a four-year period (Chen, 

White, Shabbeer, & Schmid, 2019); a low risk population that may otherwise have gone 

untested prior to NIPT. Furthermore, SCAs are no longer simply incidentally identified 

through prenatal diagnostic testing, as an Australian study from 2016 demonstrated that 

while the total number of prenatal diagnostic tests has significantly decreased with the 

advent of NIPT, nearly half of the women having diagnostic prenatal testing pursued testing 

due to a high risk SCA result on NIPT (Howard-Bath, Poulton, Halliday, & Hui, 2018). 

Additionally, an international survey study showed that although approximately one-half of 

respondents who continued pregnancies with a positive indication for SCA on NIPT 

deferred confirmatory prenatal testing, at least 30% received a confirmatory SCA diagnosis 

before 2-years of age (Samango-Sprouse et al., 2019). In the absence of newborn screening, 

the precise increase in prenatally ascertained cases remains deductive; however, published 

data coupled with our specialty clinical experience (Tartaglia et al., 2015), albeit with 

ascertainment bias, continues to support a growing percentage of SCAs being identified 

prenatally and confirmed either during pregnancy or within the first years of life in the U.S.

With this potential influx of young children with known SCA diagnoses entering the early 

childhood system, early childhood therapists, teachers, and policy-makers will need 

additional training in the unique developmental needs of young children with SCAs. 

Academic researchers and medical providers in the field of SCAs can contribute their 

expertise as guest speakers to training programs and by presenting at early childhood 

professional conferences and developing early education guidelines and toolkits for 

educators and therapists serving children with SCAs (American Academy of Pediatrics, 

2009). Physicians in the U.S. should educate themselves on their state’s local EI 

qualification criteria so that they can help alleviate parent confusion about accessing early 

therapies, and if needed, they can advocate for their state’s EI system to add SCAs to their 

list of Category 1 conditions (Barger et al., 2019), automatically qualifying infants and 

toddlers with SCA for services. More research is needed on early childhood interventions for 
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children with SCA in other countries as our data are highly dependent on local policies 

specific to the U.S. Finally, existing models for interdisciplinary collaboration between 

physicians, teachers, and parents that have been shown to effectively improve family/school 

partnerships and child outcomes for children with developmental disorders commonly 

associated with SCAs (e.g., ADHD and ASD) should be adapted to address the unique 

medical needs of young children with SCA and tested for efficacy (Power et al., 2012; 

Power, Blum, Guevara, Jones, & Leslie, 2013; Sheridan et al., 2009). Ample study 

opportunities remain to further explore the impact of preventative early childhood 

interventions for children with SCA.
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FIGURE 1. 
Early childhood intervention services by SCA condition. Percentage of children with SCA 

conditions receiving public early childhood intervention services (EI/ECSE), private early 

therapies (insurance/cashpay), and both public and private therapies. Total n = 105, 47,XXX 

= 11, 47,XXY = 72; 47,XYY = 7; tetra/pentasomy SCA = 15
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FIGURE 2. 
Early intervention (EI) services in trisomy versus tetra/pentasomy SCA. Percent of 

respondents with trisomy and tetra/pentasomy SCA who report receiving EI services 

through Part C of IDEA. Horizontal line indicates percent of U.S. children under age three 

who receive EI services, as reported by the Office of Special Education Programs (OSEP). 

*p < .05, **p < .01
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FIGURE 3. 
Early childhood special education (ECSE) preschool services in trisomy SCA. Comparing 

rates of preschool children receiving public ECSE services through Part B of IDEA based on 

the timing of their trisomy SCA diagnosis (prenatal vs. postnatal). Dotted horizontal line 

indicates percent of U.S. preschool children who receive any ECSE services, as reported by 

the Office of Special Education Programs (OSEP). *p < .05
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FIGURE 4. 
Provider knowledge. Parent report on Part B and C Early childhood intervention provider 

knowledge about SCA conditions and how they impact child development
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FIGURE 5. 
Regional differences in EI and ECSE service delivery. EI and ECSE services by U.S. regions 

as designated by the US Census Bureau. **p < .01, ***p < .001
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