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Abstract

Gold-standard diagnostic assessments of autism spectrum disorder (ASD) symptomatology were 

conducted on 63 children (mean CA: 8.81 years) with 7q11.23 duplication syndrome, one of the 

copy number variants identified by Sanders et al. (2011a) as associated with ASD. ASD 

classification rate was 39.6% for the Autism Diagnostic Interview-Revised and 25.4% for the 

Autism Diagnostic Observation Schedule-2 (ADOS-2). Based on these assessments combined 

with clinical judgment, 19.0% of children were diagnosed with ASD. Reasons for these 

discrepancies are discussed, as are differences in rate of diagnosis as a function of sex, age, and 

ADOS-2 module administered and differences in intellectual and adaptive behavior abilities as a 

function of presence or absence of ASD diagnosis and ADOS-2 module administered. 

Implications are addressed.
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7q11.23 duplication syndrome (Dup7) is a recently identified neurodevelopmental disorder 

that has shown a significant association with autism spectrum disorder (ASD) in studies 

examining common CNVs among children previously diagnosed with ASD (Levy et al., 

2011; Sanders et al., 2011a). ASDs are conceptualized as multi-gene disorders (Ronald, 

Happé, Price, Baron-Cohen, & Plomin, 2006; Zhao et al., 2007), with various pathways 

contributing to the observed behavioral phenotype (Belmonte & Bourgeron, 2006; Happé, 

Ronald, & Plomin, 2006; Persico & Bourgeron, 2006). They can be caused by a large 

number of genetic alterations, some of which result in identified syndromes such as Dup7 

(Betancur, 2011; Geschwind, 2011). Given the likely value of studies of Dup7 for refining 

understanding of the genetic and neural underpinnings of the core and related features of 
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ASD, study of a large group of children with this syndrome who were not ascertained based 

on ASD symptomatology is critical. The present study takes this approach. Rather than 

examining the presence of Dup7 among individuals with ASD, the current research 

constitutes the first systematic study of autism spectrum symptomatology among children 

with Dup7. In the remainder of the introduction, we briefly review the relevant literature.

The first study to document a significant association between Dup7 and ASD was Sanders et 

al. (2011a, 2011b). In this study, 4,457 children from 1,174 simplex families of children with 

ASD were genetically screened, resulting in the identification of four children with Dup7. 

Findings from exploratory analyses comparing these four children to 20 matched controls 

with ASD indicated only a few significant differences. The children with Dup7 scored 

significantly better than the controls with ASD on the ADOS (Lord, Rutter, DiLavore, & 

Risi, 1999) Social and Communication Total (but almost identically on the ADOS Social 

Affect Total), significantly worse on the Aberrant Behavior Checklist (ABC; Aman, Singh, 

Stewart, & Field, 1985) Irritability scale and the ABC Composite, and significantly worse on 

the Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001) Anxious/Depressed 

scale. It is notable, however, that the participants in the Sanders et al. study were identified 

as having Dup7 because they already had an ASD diagnosis and were subsequently screened 

to determine if they had any CNVs. The proportion of children with Dup7 who would be 

expected to have ASD cannot be discerned based on this approach.

A comprehensive review of the literature regarding the behavioral phenotype of individuals 

with Dup7 can be found in Mervis et al. (2015); the physical and medical phenotypes are 

described in Morris et al. (2015). To date, with the exception of these two studies, reports of 

individuals with Dup7 have been either single-case studies (e.g., Somerville et al., 2005), 

case series identified by physicians or laboratories (Berg et al., 2007; Dixit et al., 2013; Van 

der Aa et al. 2009), or reports of children identified based on genetic screening of 

individuals diagnosed with ASD (e.g., Levy et al., 2011; Malenfant et al., 2012; McGrew, 

Peters, Crittendon, & Veenstra-Vanderweele, 2012; Sanders et al., 2011a). Among the case 

studies published in the literature, the presence or absence of an ASD or autistic features 

was reported for about half of the children and formally evaluated for about one-third (see 

Mervis et al., 2015 for a summary).

As part of their characterization of the psychological features of a sample of children with 

Dup7, Mervis and colleagues (2015) described results of parent ratings of ASD-related 

symptomatology on a screening measure for ASD (the Social Communication 

Questionnaire; SCQ; Berument et al., 1999; Rutter et al., 2003). The SCQ was completed by 

parents of 42 children with Dup7, 40 of whom are also represented in the current sample. 

SCQ raw scores were below the screening cutoff for 66.7% of the sample; scores of those 

not exceeding cutoff were normally distributed. Fourteen children (33.3%) exceeded the 

cutoff, often with scores well above the cutoff. Hence, based on a screening measure, it 

appears that about one-third of children with Dup7 show behavior warranting a 

comprehensive diagnostic evaluation for ASD.

The current investigation constitutes the first to systematically examine ASD-related 

symptomatology in a large group of children with Dup7 and demonstrates the extent to 
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which these children meet criteria for ASD and/or show features associated with ASD. Both 

categorical and dimensional approaches to the characterization of ASD symptomatology 

were used. Relations of autism spectrum symptomatology to intellectual functioning, 

chronological age, and other aspects of the behavioral phenotype associated with Dup7 (e.g., 

anxiety) also were examined. Integration of the results of systematic studies of the 

behavioral phenotypes of syndromes associated with ASD will contribute to the 

understanding of the genetic bases for ASD (Budimirovic & Kaufmann, 2011).

Method

Participants

Participants were 63 children with genetically confirmed Dup7 (26 girls, 37 boys) ranging in 

age from 4 through 17 years (M age = 8.81 years, SD = 3.91). Forty seven of these children 

were included in the sample reported in Mervis et al. (2015). Genetic testing indicated that 

all participants’ duplications included the 26 – 28 genes in the classic WS region of 

chromosome 7q11.23 and did not include any additional genes in that region. Microarray 

reports were available for 59 participants, including all of the children who were clinically 

diagnosed with ASD based on the procedures in the present study. Based on these reports, 

none of the 59 children had an additional deletion or duplication (“second hit”) associated 

with either intellectual disability or ASD. Participants were recruited through referrals from 

geneticists and other physicians, from the family support organization for individuals with 

Dup7 (Duplication Cares), and by parental referral.

Sixty of the participants were probands; the remaining three were identified by cascade 

testing after a sibling and then a parent was diagnosed with Dup7. The indication(s) for 

initial genetic testing were available for 56 of the 60 probands. The three most common 

indicators were developmental delay (55.4%), speech/language delay (19.6%), and ASD 

(12.5%). Results of genetic testing for Dup7 were available for both biological parents for 

47 of the probands. The duplications were de novo for 41 of these children (87.2%) and 

inherited for six (12.8%; two maternal and four paternal).

Materials

Differential Ability Scales – Second Edition (DAS-II; Elliott, 2007)—The DAS-II 

(Early Years version for ages 4 – 8 years; School Age version for ages 9 – 17 years) was 

used to assess intellectual ability. The DAS-II provides a General Conceptual Ability 

standard score (GCA), which is akin to an IQ score, based on the child’s performance on the 

six core subtests. The DAS-II also provides standard scores (SSs) for Verbal ability, 

Nonverbal Reasoning ability, and Spatial ability. Each of these is based on performance on 

two of the core subtests.

Peabody Picture Vocabulary Test – Fourth Edition (PPVT-4; Dunn & Dunn, 
2007)—The PPVT-4 measures single word receptive vocabulary in children aged 2 years, 6 

months to adults aged 90 years. The PPVT-4 yields an age-normed SS.
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Expressive Vocabulary Test - Second Edition (EVT-2; Williams, 2007)—The 

EVT-2 measures single word expressive vocabulary in children aged 2 years, 6 months to 

adults aged 90 years. The EVT-2 yields an age-normed SS. The PPVT-4 and EVT-2 were co-

normed, making direct comparison of their SSs straightforward.

Scales of Independent Behavior – Revised (SIB-R; Bruininks et al., 1996)—The 

SIB-R was administered in interview-format to participants’ parents to assess adaptive 

behavior. This measure yields a Broad Independence Composite SS as well as SSs in the 

domains of Motor Skills, Social Interaction & Communication, Personal Living Skills, and 

Community Living Skills.

Autism Diagnostic Interview – Revised (ADI-R; Lord, Rutter, & Le Couteur, 
1994)—The ADI-R is an examiner-based interview of parents and caregivers about their 

children. This interview measures core diagnostic features of ASDs in the areas of 

qualitative abnormalities in reciprocal social interaction (RSI); qualitative abnormalities in 

communication (COM); restricted, repetitive, and stereotyped patterns of behavior (RRB); 

and age of onset, with items grouped thematically into subdomains. Parents are asked both 

about current functioning and about functioning in the past, with a focus on the benchmark 

age of 4 to 5 years. Empirically-derived cutoffs for each domain provide classifications of 

“non-spectrum” or “autism.” Classifications of “autism” in all domains is required for an 

overall classification of “autism” on the ADI-R.

Autism Diagnostic Observation Schedule – 2 (ADOS-2; Lord et al., 2012)—The 

ADOS-2 is a structured, play-like interaction with a trained examiner designed to assess 

ASD-related impairments in communication, reciprocal social interaction, play, and 

imagination, and the presence of restricted and repetitive behaviors and interests. It involves 

structured materials, structured tasks, and structured observations. The examiner selects one 

of four ADOS modules that best matches the child’s expressive language skills. Immediately 

following administration, specific behaviors are coded according to clearly articulated 

operational definitions. A subset of the items scored [including both Social Affect (SA) and 

Restricted and Repetitive Behavior (RRB) domain items] makes up the “ADOS-2 

Algorithm,” empirically derived to distinguish between children with ASDs and children 

without ASDs. The ADOS-2 yields item scores, an algorithm raw summary score, and an 

algorithm classification (“non-spectrum”, “autism spectrum”, or “autism”), based on 

empirically derived cutoffs. (Note that ADOS-2 classification alone is not sufficient to make 

a diagnosis of an ASD.) Cutoffs in the SA domain only are also available by module 

(Gotham, Risi, Pickles, & Lord, 2007). The ADOS-2 also yields an ordinal-scale 

Comparison Score (range = 1 to 10) that describes the child’s severity of autism spectrum-

related symptoms compared to that of children with ASD who are the same age and have 

generally similar language skills (Gotham, Pickles, & Lord, 2009).

Anxiety Disorders Interview Schedule for DSM-IV: Parent Interview Schedule 
(ADIS-P; Silverman & Albano, 1996)—The ADIS-P is a well-validated semistructured 

diagnostic interview administered to parents by trained interviewers. This measure is 

designed to assess for current anxiety and related disorders (including externalizing 
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disorders) in children and adolescents and allows for differential diagnoses among these 

disorders based on DSM-IV criteria. The diagnoses considered for this study included 

Generalized Anxiety Disorder, Specific Phobia, Social Phobia, Selective Mutism, and 

Attention Deficit/Hyperactivity Disorder.

Procedure

A comprehensive battery that included assessment of cognitive and language functioning 

(DAS-II, PPVT-4, EVT-2), assessment of adaptive functioning (SIB-R), assessment for 

behavioral disorders (ADIS-P) and evaluation for a possible autism spectrum diagnosis 

(based on both DSM-IV and DSM-5 criteria) was administered by a multidisciplinary team. 

The evaluation for possible ASD diagnosis was conducted by a Licensed Psychologist with 

specialized training in the diagnosis of ASD who had been trained to research reliability on 

the ADI-R and ADOS-2. Parents were interviewed about ASD-related symptomatology with 

the ADI-R and about anxiety and other problem behavior using the ADIS-P. The appropriate 

module of the ADOS– 2 was administered (Mod 1 n = 9, Mod 2 n = 21, Mod 3 n = 33).

Results

Analyses were conducted in SPSS Version 24 (IBM Corp., 2016). Given the small and 

uneven sample sizes for many of the analyses, nonparametric statistics were used.

Cognitive and Adaptive Functioning

Descriptive statistics for intellectual ability, expressive and receptive language ability, and 

adaptive functioning are presented in Table 1. Median intellectual ability was in the low 

average range, and median single-word receptive and expressive vocabulary was in the 

average range. In contrast, median adaptive functioning overall and by domain was in the 

mildly impaired range. The standard deviation was > 15 for each of the measures, indicating 

considerable variability among the participants.

ASD Symptomatology

ADI-R—The percentage of children exceeding the diagnostic classification cutoff for autism 

on the ADI-R and in each domain is indicated in Figure 1. Based on the ADI-R diagnostic 

algorithm, which heavily weights retrospective accounts of functioning, 25 participants 

(39.7%) were classified “autism.” Accounts of current and past function were often 

considerably discrepant. Based on the Wilcoxon Signed Ranks Test, the sum of item 

abnormalities in COM (z = −4.78, p < .001) and RSI (z = −4.56, p < .001) was significantly 

lower for current functioning than for past functioning, indicating that parents described 

milder ASD-related symptomatology currently than at the benchmark age of 4 to 5 years. 

However, there was no significant difference for the RRB domain (z = −1.14, p = .254). 

Further examination of the subdomains within COM and RSI indicated significantly lower 

levels of abnormalities described by parents currently than in the past for all subdomains (ps 

< .002).

ADOS-2—See Figure 2 for the distributions of ADOS-2 classifications and Comparison 

scores, which provide an index of severity. Based on the SA domain only, 15 children (24%) 

Klein-Tasman and Mervis Page 5

J Autism Dev Disord. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were classified as showing behavior indicative of an ASD (5 “autism spectrum” and 10 

“autism”) and 48 children (76%) were classified “non-spectrum.” Based on the ADOS-2 

algorithm, which includes both SA and RRB domains, 16 children (25.4%) were classified 

as showing behavior indicative of an ASD (5 “autism spectrum”, 11 “autism”) and 47 

children (74.6%) were classified as “non-spectrum”. Of the children classified “non-

spectrum,” 29 had Comparison scores of 1 (minimal to no evidence), ten had Comparison 

scores of 2, and eight had Comparison scores of 3.

There were a number of ADOS-2 items on which most children with Dup7 did not evidence 

impairment. For Module 1 (n = 9), the following items had 2 or fewer children (< 25%) with 

any difficulty, indicating that difficulty was uncommon: unusual eye contact (n = 2), 

requesting (n = 2), spontaneous initiation of joint attention (n = 2), and self-injurious 

behavior (n = 1). For Module 2 (n = 21), the following items had 5 or fewer children (< 

25%) with any difficulty: immediate echolalia (n = 4); stereotyped language (n = 4); 

pointing (n = 4); unusual eye contact (n = 1); facial expressions directed toward others (n = 

2); shared enjoyment (n = 1); response to name (n = 1); spontaneous initiation of joint 

attention (n = 0); response to joint attention (n = 0); amount of social overtures to parent (n = 

5); amount of reciprocal social interaction (n = 2); functional play with objects (n = 2); self-

injurious behavior (n = 0); overactivity (n = 5); and aggression (n = 5). For Module 3 (n = 

33), the following items had 8 or fewer children (< 25%) with any difficulty: overall level of 

language (n = 7); immediate echolalia (n = 2); stereotyped language (n = 6); offering 

information (n = 5); gestures (n = 7); language linked with nonverbal communication (n = 

2); shared enjoyment (n = 7); amount of social overtures (n = 7); imagination/creativity (n = 

8); unusual sensory interests (n = 8); hand and finger and other mannerisms (n = 5); self-

injurious behavior (n = 0); repetitive interests and behaviors (n = 6); compulsions and rituals 

(n = 8); overactivity (n = 5); and aggression (n = 1).

At the same time, there also were some items on which difficulties were commonly observed 

for children with Dup7. For Module 1, the following items had 5 or more children (> 50%) 

with at least some difficulty: frequency of vocalization directed toward others (n = 5), 

intonation of vocalization (n = 5; 3 of the remaining 4 children had too few vocalizations for 

this item to be coded), gestures (n = 6), response to name (n = 5), giving (n = 7), showing (n 

= 5), response to joint attention (n = 5), quality of social overtures (n = 8), amount of social 

overtures to the examiner (n = 5), quality of social response (n = 7), engagement (n = 5), 

overall quality of rapport (n = 8), functional play with objects (n = 6), imagination/creativity 

(n = 8), unusual sensory interests (n = 7), overactivity (n = 5), aggression (n = 5), anxiety (n 

= 6). For Module 2 (n = 21), the following items had 11 or more children with difficulties (> 

50%): overall level of language (n = 13); speech abnormalities associated with autism (n = 

12); conversation (n = 13); gestures (n = 13); overall quality of rapport (n = 11); 

imagination/creativity (n = 11); and anxiety (n = 11). For Module 3 (n = 33), the following 

items had 17 or more children with difficulties (> 50%): asks for information (n = 17); 

empathy (n = 17); insight (n = 23); overall quality of rapport (n = 17); and anxiety (n = 20).

Mann-Whitney U tests (using exact p-values) were used to examine whether there were 

significant item-level differences between the Dup7-ASD and Dup7-NS groups for Modules 

1 and 3 separately. (This analysis was not conducted for Module 2 because only one child 
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who completed this module was diagnosed with ASD.) For Module 1, the Dup7-ASD and 

Dup7-NS groups differed significantly on 12 out of 33 total items (36% of items), as 

follows: overall level of language (z = −2.84, p = .024), frequency of vocalizations directed 

to others (z = −2.12, p = .048), pointing (z = −2.24, p = .048), shared enjoyment (z = −2.29, 

p = .048), giving (z = −2.48, p = .024), showing (z = −2.48, p = .024), response to joint 

attention (z = −2.21, p = .048), amount of social overtures toward the examiner (z = −2.45, p 
= .024), quality of social response (z = −1.99, p = .047), engagement (z = −1.98, p = .048), 

overall quality of rapport (z = −2.20, p = .048), functional play (z = −2.26, p = .024), 

imagination/creativity (z = −2.47, p = .024), and hand and finger and other mannerisms (z = 

−2.31, p = .048). For Module 3, the Dup7-ASD and Dup7-NS groups differed significantly 

on 8 out of 29 total items (28%), as follows: unusual eye contact (z = −4.33, p < .001), facial 

expressions directed toward others (z = −3.43, p = .007), language production and linked 

nonverbal communication (z = −4.90, p = .007), shared enjoyment (z = −5.17, p < .001), 

quality of social overtures (z = −4.15, p < .001), amount of social overtures (z = −3.29, p = .

017), quality of social response (z = −3.30, p = .003), amount of reciprocal social interaction 

(z = −4.33, p < .001), and quality of rapport (z = −3.98, p < .001).

Clinical diagnostic status. Based on a combination of the ADI-R, ADOS-2, and clinical 

judgment (including developmental and medical history), 12 participants (19.0%) met 

clinical criteria for diagnosis of DSM-IV ASD (either PDD-NOS or Autistic Disorder) and 

DSM-5 ASD by a Licensed Psychologist. All 12 diagnosed with ASD were classified “AS” 

or “autism” on the ADOS-2; 9 were classified “autism” on the ADI-R. Of the remaining 51 

participants, 16 were classified “autism” on the ADI-R and 4 were classified “AS” or 

“autism” on the ADOS-2.

Of the 12 children who met clinical criteria for ASD, 10 had de novo Dup7, one inherited 

his duplication from a parent, and the origin of one child’s duplication was unknown. The 

indication(s) for genetic testing was available for 11 of the 12 children. For the child who 

inherited his duplication, the only indicator given for genetic testing was macrocephaly. For 

the child for whom the origin of her duplication was unknown, the indicators for genetic 

testing were developmental delay and hypotonia. For four children with de novo Dup7, 

concern regarding ASD was the only indicator; for a fifth child, the indicators were concern 

regarding ASD, speech/language delay, and macrocephaly. ASD was not indicated as a 

concern for the remaining four children with de novo Dup7 for whom indications for genetic 

testing were available. The indicators for these children included developmental delay, 

speech/language delay, macrocephaly, and delayed puberty. Two additional children who 

had been referred for genetic testing due to concerns regarding ASD were classified “non-

spectrum.”

Relation between ADI-R classification and ADOS-2 Comparison score—The 

distribution of ADOS-2 Comparison scores for children classified “autism” on the ADI-R 

was significantly higher (worse) than the distribution for children classified “non-spectrum” 

[z = −4.30, p <.001].
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Potential Correlates of ASD Symptomatology: Relations to Age, Sex, Intellectual 
Functioning, and Adaptive Behavior

Relations between ASD status and potential correlates of ASD symptomatology are reported 

in Table 2 for each of the four measures of ASD status (ADI-R classification, ADOS-2 

classification, ADOS-2 Comparison score, and ASD clinical diagnosis). Notably, sex was 

related to ASD status across all measures, with p-values ranging from .051 for clinical 

diagnosis to .005 for ADI-R classification. Age was not significantly related to ASD status; 

it is possible that relations to age are obscured by a curvilinear pattern as the children 

administered Module 2 were unlikely to show ASD-related symptomatology. Children with 

and without ASD status differed significantly in overall intellectual functioning (DAS-II 

GCA) based on the ADI-R, ADOS classification, and ADOS comparison score but not 

based on clinical diagnosis and differed significantly in overall adaptive behavior and in 

Social Interaction & Communication Skills and Personal Living Skills across all ASD 

dependent measures. Other aspects of intellectual functioning (e.g., nonverbal reasoning, 

spatial abilities, receptive vocabulary) showed group differences as a function of ASD status 

based on the ADI-R but not based on the other ASD-related dependent measures, while 

verbal functioning and expressive vocabulary were significantly related to ADOS 

comparison score but not to the other measures.

Relations to Anxiety and Attention Problems

There were no significant differences in proportion of children diagnosed with Social 

Phobia, Specific Phobia, Separation Anxiety, Generalized Anxiety, Selective Mutism, or 

Attention Deficit/Hyperactivity Disorder based on ASD clinical diagnosis status (Fisher’s 

exact p-value ranged from .265 to .653) or ADOS classification (ASD vs non-spectrum; 

Fisher’s exact p-value ranged from .166 to 1.00). ADOS Comparison scores were not 

significantly correlated with any anxiety or attention-related diagnoses (rho p-values 

ranged .161 to .782). However, participants classified “autism” on the ADI-R were 

significantly more likely than those classified non-spectrum to be diagnosed with separation 

anxiety (Fisher’s exact p = .023 2-sided) or social phobia (Fisher’s exact p = .023 2-sided) 

and were more likely to be diagnosed with ADHD of some kind (Fisher’s exact p = .038 2-

sided).

Examination of Module Effects: Relations to Sex and Cognitive, Language, and Adaptive 
Functioning

ASD prevalence as a function of ADOS-2 module (expressive language level) 
and sex—See Table 3 for the proportion of children diagnosed with ASD as a function of 

ADOS-2 module. There was a significant effect of module on rate of diagnosis. ASD 

diagnosis was least likely for children administered Module 2; rate of ASD diagnosis was 

only 4.7%. The rate of diagnosis for children administered Module 1 did not differ 

significantly from the rate for Module 3.

To consider the possibility of a sex effect, the proportion of children diagnosed with ASD as 

a function of module was considered separately for boys and girls. For boys, the rate of ASD 

diagnosis was significantly lower for Module 2 than for either Module 1 or Module 3; the 
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difference in diagnostic rate between Modules 1 and 3 was not significant. For girls, there 

was no significant effect of module, with low rates of ASD across modules.

Significant differences in cognitive functioning and adaptive behavior as a 
function of ASD clinical diagnostic status and ADOS-2 Module—See Table 4 for 

a summary of significant differences between those with ASD diagnoses and those without 

in intellectual functioning, expressive and receptive vocabulary, and adaptive behavior. 

Significant differences favoring the non-spectrum group were found for more than half of 

the measures for children who completed Module 1. Similarly, the only child who was 

diagnosed with ASD after completion of Module 2 earned the lowest or next lowest SS on 

more than half the measures considered. In contrast, for children who completed Module 3, 

only one significant difference was found between children diagnosed with ASD and 

children classified as non-spectrum.

Discussion

Careful characterization of ASD-related symptomatology using gold-standard ASD 

assessment measures combined with clinical judgment indicated that 19% of children with 

Dup7 showed symptomatology consistent with an ASD clinical diagnosis. This rate 

indicates an elevated risk in comparison to the general population but also makes clear that 

the diagnosis of Dup7 by itself is not strongly indicative of the presence of an ASD. Few 

girls with Dup7 were diagnosed with ASD, and for children with ASD diagnoses severity 

was higher for boys than for girls, consistent with findings in the general population 

(Fombonne, 2009; Werling & Geschwind, 2013). It is notable that reliance on retrospective 

parental report alone resulted in a considerably higher rate (39.7%) of identified ASD-

related symptomatology. The history of language delays coupled with extreme social anxiety 

and/or shyness characteristic of individuals with Dup7 may have contributed to parental 

recollections of socio-communicative and restricted and repetitive behavior challenges that 

may sometimes not be indicative of ASD symptomatology.

There is clear evidence for elevated risk of ASD symptomatology in children with Dup7 

based both on parental and clinician observation, suggesting that genes in this region likely 

do confer risk for an ASD. However, the presence of ASD is nowhere near universal among 

children with Dup7 and the proportion who meet gold-standard criteria for ASD is 

considerably lower than might be expected based on the published literature. Prior research 

about ASD symptomatology in children with Dup7 has consisted mainly of case studies 

(individual and family) and the identification of the presence of Dup7 among individuals 

diagnosed with ASD. The current sample constitutes the first study of children with Dup7 

that involved a large number of children who were not specifically included due to the 

presence of an ASD. In a study with overlapping participants, Mervis and colleagues (2015) 

found that 33.3% of children with Dup7 exceeded the screening cutoff on the SCQ, a 

parental-report measure. A similar rate of elevations was observed in the current study based 

on semistructured parent interview (ADI-R), with a considerably lower rate of ASD 

symptoms based on clinician observation (ADOS-2) or clinical diagnosis. Dykens and 

colleagues (2017) reported a similar pattern regarding rates of ASD-related symptomatology 

when comparing questionnaire screener and direct observation for children with Präder Willi 
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syndrome. On this basis, they argued that direct observation is imperative for determining if 

a child has an ASD. We concur that ASD diagnoses of children with Dup7 should be made 

based on comprehensive clinical evaluation that includes direct observation. Furthermore, 

the assessment process needs to take into account other characteristics of the syndrome, 

including selective mutism and/or pronounced social anxiety.

7q11.23 CNV as a Risk Factor for ASD Symptomatology

The findings of the present study clearly indicate that 7q11.23 duplication is a risk factor for 

ASD symptomatology. It is notable that overlaps in symptomatology with the autism 

spectrum also have been observed in children with WS, who have a deletion of the same 

genes duplicated in Dup7. Klein-Tasman et al. (2007) found that almost half of their sample 

of young children with WS with limited or no expressive language met or exceeded the 

ADOS Module 1 cutoff. Furthermore, ADOS ratings indicated that the WS group had 

greater difficulties than a cognitive ability-matched comparison group of children with 

developmental disabilities of mixed etiologies without ASD (Klein-Tasman et al., 2009). 

Lincoln and colleagues (2007) conducted comprehensive clinical assessments of young 

children with WS with limited language using gold-standard instruments; based on these 

assessments, 20% of the children with WS were clinically diagnosed with an ASD. This 

pattern also has been found for children with WS with more advanced language, with > 25% 

meeting or exceeding the ASD cutoff for ADOS Module 2 or 3 (van der Fluit, 2014). High 

rates of socio-communicative difficulties and restricted and repetitive behavior also are 

evident based on parent report of children with WS ages 4 through 16 years (Klein-Tasman, 

Li-Barber, & Magargee, 2011). In fact, while children with WS are generally portrayed as 

highly social in contrast to the shyness and social anxiety seen for children with Dup7, 

fundamental challenges with social communication and restricted and repetitive behaviors 

are evident for both children with Dup7 and children with WS.

The parallel increase in incidence of ASD for both syndrome groups suggests strongly that 

alteration in gene dosage (both increased dosage and decreased dosage) of one or more 

genes in the WS region of 7q11.23 is related to ASD symptomatology. WS and Dup7 both 

are associated with differential methylation patterns relative to those found for typically 

developing children, and the set of differently methylated genes is enriched for genes 

associated with ASD (Strong et al., 2015), providing further support for this position.

Klein-Tasman and colleagues (2007) state that the phenotype of the children with WS 

classified as ASD based on their performance on the ADOS is consistent with Wing and 

Gould’s (1979) “active but odd” ASD subtype. The pattern most commonly seen for 

children with Dup7 who were clinically diagnosed with ASD contrasts significantly and 

generally fits with the aloof subtype given the social withdrawal that is commonly seen. 

Further research directly contrasting these syndromes is needed. Assessment of very rare 

children with smaller deletions or duplications of 7q11.23 will be important for narrowing 

the possible set of 7q11.23 genes associated with ASD symptomatology. Crespi and 

Procyshyn (2017) argue that GTF2I is a prime candidate, but additional research is needed to 

address this assertion.
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Module and Age Effects

The rate of ASD diagnosis among children with Dup7 was similar for children with very 

limited or no expressive language (Module 1: 33%) and children with fluent language 

(Module 3: 24%). In contrast, the rate for children with phrase speech was significantly and 

considerably lower (Module 2: 5%). Several factors likely contribute to this U-shaped ASD 

diagnosis rate.

First, the most severely affected children cognitively who were diagnosed with ASD were 

included within the Module 1 sample, and these children scored significantly lower than the 

other children who completed Module 1 on the majority of the intellectual and adaptive 

behavior measures. It is possible that one or more of these participants may have a second 

genetic hit associated with ASD that was not apparent on their microarray report. These 

children were 4 years old at the time of their assessment; at the present time (at least 3 years 

later), they have not developed phrase speech, and it is possible they never will. The lack of 

phrase speech by age 7 years is quite rare among children with Dup7, characterizing only 1 

of 35 participants in the present study. Thus, the children diagnosed with ASD based on 

assessment with Module 1 had more severe cognitive limitations than expected for children 

with Dup7 and several years later have unexpectedly limited language abilities relative to 

others with this syndrome.

The rate of ASD clinical diagnosis for children who completed Module 2 (phrase speech) 

was very low (1 of 21; ~5%). This rate was considerably lower than the rate for either 

children with limited or no expressive language (3 of 9) or children with fluent expressive 

language (8 of 33). Intellectual and adaptive abilities were considerably more limited in the 

child with ASD than in the children classified non-spectrum.

For Module 3, the pattern of abilities of children classified ASD relative to those classified 

non-spectrum was very different than for Module 1 or 2: Children diagnosed with ASD who 

had completed Module 3 had very similar IQs and language abilities to peers classified non-

spectrum, with SSs typically in the low average to average range. Although adaptive 

behavior skills appeared to be somewhat more limited for the ASD group, the only 

significant difference was for personal living skills. The children with ASD also showed 

similar rates of social phobia, selective mutism, and disruptive behavior disorders as peers 

classified non-spectrum.

The considerably higher rate of ASD diagnosis for children who completed Module 3 than 

for children who completed Module 2 is consistent with the idea that some socio-

communicative difficulties may not be clearly evident until the level of demands increases. 

This idea is represented within the DSM-5 (American Psychiatric Association, 2013) criteria 

for ASD, which state that symptoms “must be present in the early developmental period (but 

may not become fully manifest until social demands exceed limited capacities).” (p. 59). 

Due to the developmental nature of ASD, the specific behaviors indicative of the core 

impairments of ASD vary with age and language level, reflecting an increase in expectations 

regarding socio-communicative capabilities once language becomes fluent. On the ADOS-2, 

this change in the behaviors indicative of core impairments between children who have 

phrase speech and children who have fluent language is reflected in large differences in the 
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proportion of the assessment that takes place within the context of play with toys (much 

higher in Module 2 than in Module 3) and in the proportion that assesses conversation, 

reporting of events, and insight into the nature of social relationships and emotions (much 

higher in Module 3 than in Module 2). Thus, difficulty transitioning from the more concrete 

socio-communicative demands of Module 2 to the more abstract socio-communicative 

demands of Module 3 may underlie the significant increase in rate of ASD diagnosis found 

in the present study for children with fluent language compared to children with phrase 

speech.

Furthermore, within the group of children who completed Module 3, the rate of ASD 

diagnosis varied significantly with age; a relatively low rate of diagnosis was seen for 

children < 10 years old (8%) and a much higher rate for children ≥ 10 years old (35%). 

There are changes in ADOS-2 expectations for children with fluent language as 

chronological age increases, as socio-communicative behaviors are coded relative to 

chronological age: Expectations are higher for older children than for younger children and 

for children with more advanced nonverbal abilities than for children with lower nonverbal 

abilities. Therefore, a plateau in socio-communicative development once a child has fluent 

language may result in an increase in evident ASD symptomatology (and therefore in rate of 

ASD diagnosis) as the gap from same-aged peers increases. This increase in ASD diagnosis 

rate for older children with fluent language relative to younger children with fluent language 

also is consistent with prior findings that children with Asperger syndrome or milder 

symptoms of ASD (e.g., DSM-IV diagnoses of PDD-NOS rather than autism) and children 

with intellectual abilities in the normal range are diagnosed with ASD on average at a 

considerably later age (Daniels & Mandell, 2014; Howlin, & Asgharian, 1999; Jónsdóttir, 

Saemundsen, Antonsdóttir, Sigurdardóttir, & Ólason, 2011; Mandell, Novak, & Zubritsky, 

2005; Wiggins, Baio, & Rice, 2006).

Picci and Scherf (2015) describe a “second hit” model whereby early abnormalities in neural 

development set up vulnerabilities to the neural system, and then later in development there 

are additional challenges to the system including both neural developmental changes and 

increased and more sophisticated social and independence demands. These challenges reveal 

ASD-related difficulties in adapting to new demands. Both the significant increase in rate of 

ASD diagnoses between children who completed Module 2 and children who completed 

Module 3 and the significant increase in rate of ASD diagnoses among children who 

completed Module 3 between younger children (< 10 years old) and older children are 

consistent with this model. Longitudinal research will be critical to address the possibility 

that ASD symptomatology may become more prominent with age in individuals with Dup7 

and to determine if there are early indicators of those symptoms in the preschool years that 

are not captured by the diagnostic measures used.

Item-Level Findings

Examination of item-level performance may provide additional insight into the nature of the 

socio-communicative challenges of children with Dup7. For children administered Module 1 

or 2, some basic communicative building blocks such as modulation of eye contact and 

initiation of joint attention generally did not show difficulties. However, other basic socio-
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communicative skills consistently showed difficulties for children with limited language 

(e.g., giving, showing, responding to joint attention). Echolalia was not commonly observed, 

but unusual intonation or stereotyped language was evident across modules for more than 

half of the participants. While children administered Module 1 often had difficulties with 

shared enjoyment, such difficulties were rare for children administered Module 2 or 3. 

Across modules overall rapport showed challenges for more than half of the children. 

Examination of item-level performance also indicated that relative to children classified non-

spectrum, children with an ASD diagnosis showed significantly more difficulty with shared 

enjoyment, amount of social overtures, quality of social response, and quality of rapport, 

indicating that difficulties in these areas are especially prominent when ASD is present.

ASD Diagnosis as a Function of Sex

The preponderance of ASD diagnoses was among the boys; only two of 26 girls but ten of 

37 boys met criteria for a gold-standard clinical diagnosis of ASD. This finding is consistent 

with the general population finding that it is much more common for boys to meet criteria 

for ASD than girls (Fombonne, 2009; Werling & Geschwind, 2013). However, there is also 

discussion that there may be under-identification of ASD in girls using current diagnostic 

methods for a variety of reasons, including that girls with ASD generally show more 

prosocial behavior than boys (see Halliday et al., 2015 for a review). Continued examination 

of sex differences in ASD-related symptomatology and underlying cognitive and social 

processing in Dup7 is warranted.

Relation between Anxiety and ASD

Anxiety-related symptomatology is also elevated for children with Dup7. Mervis et al. 

(2015) reported that 50% of children with Dup7 in their sample met DSM-IV criteria for 

Social Phobia and 29% met DSM-IV criteria for Selective Mutism. Elevated rates of these 

anxiety disorders may place children at risk for parental observations of abnormal social 

reciprocity. This possibility is supported by the finding that ASD classification on the parent 

interview (ADI-R) was related significantly to social and separation anxiety diagnoses, 

suggesting that some of the ASD-related symptomatology reported by parents may be 

reflections of anxiety. Symptoms of anxiety were commonly shown during the ADOS-2, 

with the anxiety item endorsed by the examiner for six of nine children who completed 

Module 1 (66.7%), 11 of 21 children who completed Module 2 (52.4%), and 20 of 33 

children who completed Module 3 (60.1%), Nevertheless, the presence or absence of an 

anxiety disorder (including social phobia and selective mutism) was not significantly related 

to ASD clinical diagnostic status in this sample, indicating the importance of careful clinical 

evaluation for the differentiation of anxiety disorder and ASD.

Limitations

A number of limitations of this investigation should be kept in mind. First, as Dup7 is a rare 

condition that was not identified until 2005, there may be some ascertainment factors that 

could contribute to the pattern of findings observed. In particular, children with anxiety 

disorders or speech disorders who do not evidence clear intellectual disability are not 

routinely evaluated with genetic microarrays, the method most likely to identify Dup7. And 

children who do not have any apparent difficulties would not be expected to have had any 
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kind of genetic testing. In the present study, cascade testing (testing of parents for Dup7 and 

then testing of the proband’s siblings if a parent was found to have Dup7) was offered to the 

families and in most cases was completed, resulting in the identification of some siblings 

who had not come to medical or psychological attention previously. These siblings were 

included in the study. Nevertheless, there remain many individuals with Dup7 who are 

undiagnosed. Second, the number of children administered Module 1 was relatively small. 

Further phenotypic characterization of both children with Dup7 who have very limited or no 

expressive language and of adolescents with this syndrome is warranted to provide a stable 

estimation of the phenotype and developmental trajectory. Third, while the available cross-

sectional data suggest there may be developmental effects on ASD symptomatology and 

diagnosis in this syndrome, longitudinal data will be crucial to allow more definitive 

conclusions regarding how the phenotype associated with Dup7 may vary across 

development. Finally, further examination of patterns of behavior of children with Dup7 in 

comparison to children who have ASD diagnoses but do not have Dup7 across development 

would be beneficial.

Summary

This is the first comprehensive characterization of the ASD symptomatology of a substantial 

sample of children with Dup7. An elevated rate of ASD in children with Dup7 was indeed 

evident in comparison to the general population, with 19% meeting criteria for clinical 

diagnosis of ASD. Girls with Dup7 appear to be at low risk for ASD diagnosis. Preliminary 

evidence that rates of ASD are higher in children with fluent language than in children with 

phrase speech and higher in older children with fluent language than in younger children 

with fluent language was also found. Further research regarding the developmental trajectory 

of children with Dup7 is warranted.
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Figure 1. 
ADI-R classifications by domain and overall.
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Figure 2. 
Distribution of ADOS-2 classifications and Comparison scores (frequency and percentage).
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Table 1

Descriptive statistics for performance on standardized intellectual, language, and adaptive behavior 

assessments (N = 63).

Assessment Mean (SD) Median Range

DAS-II

 Verbal Cluster SS 81.75 (21.51) 88.00 30 – 116

 Nonverbal Reasoning Cluster SS 84.29 (18.77) 85.00 37 – 154

 Spatial Cluster SS 80.35 (19.65) 85.00 32 – 115

 GCA (similar to IQ) 79.38 (19.45) 83.00 33 – 132

PPVT-4 SS 89.94 (18.83) 93.00 20 – 120

EVT-2 SS 85.73 (24.14) 92.00 20 – 118

SIB-R

 Motor Skills Cluster SS 65.54 (21.81) 63.00 6 – 117

 Social Inter. & Comm. Skills SS 71.32 (20.34) 74.00 9 – 109

 Personal Living Skills SS 61.51 (21.90) 62.00 13 – 109

 Community Living Skills SS 63.00 (23.67) 70.00 13 – 98

 Broad Independence Composite 59.24 (23.12) 58.00 5 – 107

Note: DAS-II = Differential Ability Scales-II, SS = standard score, PPVT-4 = Peabody Picture Vocabulary Test-4, EVT-2 = Expressive Vocabulary 
Test-2, SIB-R = Scales of Independent Behavior – Revised.
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Table 3

ASD prevalence as a function of ADOS-2 module and sex.

Module 1 Module 2 Module 3 p (module)

Full Sample 3/9 (33.3%) 1/21 (4.8%) 8/33 (24.2%) 0.07

Girls 0/3 (0%) 1/10 (10.0%) 1/13 (7.7%) 1.00

Boys 3/6 (50%) 0/11 (0%) 7/20 (35.0%) 0.02

p (girls v. boys) 0.46 0.48 0.10
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