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Abstract
Objective—The socio-communicative abnormalities of young children with Williams syndrome
(WS) with limited language were compared to those of children with clinical diagnoses of Autism,
Pervasive-Developmental Disorder – Not Otherwise Specified (PDD-NOS), or nonspectrum
developmental disability.

Method—Participants were 30 children with WS and individually matched groups of participants
with autism (n = 28), PDD-NOS (n = 17), and mixed etiology nonspectrum developmental disabilities
(ME group; n = 16). The autism, PDD-NOS and ME groups were matched individually to the children
with WS for age, gender, and developmental level. All participants were administered the Autism
Diagnostic Observation Schedule Module 1 and the Mullen Scales of Early Learning.

Results—As a group, children with WS with limited language showed fewer socio-communicative
abnormalities than children with autism, about the same level as children with PDD-NOS, and more
abnormalities in reciprocity social interaction than participants in the ME group. Examination of the
subgroup of participants with WS matched and compared to children with PDD-NOS indicated that
half showed fewer abnormalities than their individual matches with PDD-NOS, while half of the
children with WS showed more abnormalities than their matches with PDD-NOS.

Conclusion—Socio-communicative difficulties are present for many children with WS and overlap
with the autism spectrum. The results of this investigation suggest that these abnormalities are not
accounted for by developmental delay alone, and care should be taken to avoid diagnostic
overshadowing in young children with WS.
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Williams syndrome (WS) is a neurodevelopmental disorder resulting from a hemizygous
microdeletion of ~25 genes on chromosome 7q11.23 (1). Individuals with WS have distinctive
medical and cognitive profile (2). Compared to children with other types of developmental
disorders, children with WS are less reserved toward strangers, more approaching, more
gregarious, overly friendly, and affectionate (see review in 3). These prosocial behaviors make
it unlikely that one would suspect overlap with the autism spectrum. However, there is also
evidence that children with WS experience difficulties with social interaction and social
communication. Parents often report that their children with WS are often not attuned to others
socially and experience difficulties establishing and maintaining friendships (4,5) Significant
conversational deficits (6), poor social skills (7), poor understanding of socially-relevant
information (8,9), and restricted interests (10) have been observed. Delayed language and
gestural development are described (see review in 11).

Hence, many of the socio-communicative and behavioral difficulties observed are also
characteristic of children with autism spectrum disorders (ASD) and may not be accounted for
by developmental delay alone. Gillberg and Rasmussen (12) state, “…it is clear from the results
of these preliminary investigations that this patient group [WS] does have several problems
seen in autism. Included in this catalogue are hyperacusis, social isolation, and other types of
social impairment…, distractibility, inflexibility, ritualism, obsessiveness, and pragmatic
deficits…, all of which can be hallmarks of the autistic syndrome” (p. 382). There have been
a few reports of children diagnosed with both WS and autism (12–16). Given the prevalence
of WS (1 in 7,500 live births) (17) and the recently reported prevalence of ASD placed at 1 in
150 (18), it would be expected that some individuals with WS would also have an ASD. A
recent investigation comparing the performance of young children with WS on the ADOS to
participants with clinical diagnoses of autism (16) found that although participants with WS
showed a number of socio-communicative deficits, they could reliably be distinguished from
participants with clinical diagnoses of autism and had considerably fewer socio-
communicative deficits. Ten percent of their sample of young children with WS met DSM-IV
criteria for autism.

The possibility of overlap between children with WS and children with clinical diagnoses of
PDD-NOS has not examined, however. The DSM-IV category of PDD-NOS is quite
heterogeneous, with more varied ways to meet the diagnostic criteria for PDD-NOS than for
Autistic Disorder. Although difficulties with social reciprocity need to be present for a
diagnosis of PDD-NOS, some children with PDD-NOS do not have significant deficits in
communication or do not show restricted and repetitive behaviors. Additionally, the nature of
the socio-communicative deficits of people with PDD-NOS can be milder than for autism.
Relatedly, individuals falling within the “Active But Odd” autism subtype do not necessarily
avoid social interaction or prefer solitary activity (19,20). Given the reported pattern of
behavioral characteristics of young children with WS, they may be more likely to show overlap
with the milder diagnostic category of PDD-NOS rather than with autism, which is
characterized by more severe socio-communicative deficits.

Using the Autism Diagnostic Observation Schedule (ADOS) to assess the socio-
communicative behavior of young children with WS with limited language (21), we recently
found evidence of socio-communicative deficits overlapping with those typically seen in
children with ASD. In the current investigation, we further examine how these difficulties
compare to those of individually matched participants with autism, PDD-NOS, or
developmental disabilities of other etiologies without spectrum diagnoses. Comparison to the
Mixed Etiology (ME) group enables identification of the deficits of children with WS that are
not explained by developmental delay alone. Comparisons to the PDD-NOS (PDD) and Autism
(AUT) groups enable further exploration of the possibility that young children with WS show
socio-communicative deficits that overlap with the autism spectrum.
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Method
Participants

Thirty children with genetically-confirmed WS aged 2½ – 5½ years were assessed. The
performance of 29 of these children was described in Klein-Tasman, Mervis, Lord et al. (21).
One additional child subsequently assessed was also included, leading to a full sample of 30
children with WS (WS group). The ADOS classifications1 of these 30 participants were as
follows: 3 Autism (A), 12 Autism Spectrum (AS), and 15 “nonspectrum.” Subsets of these
participants were individually matched to 16 children with other developmental disabilities
who do not have spectrum diagnoses (ME group); 17 children with clinical diagnoses of PDD-
NOS (PDD group); and 28 children with clinical diagnoses of Autism (AUT group). Individual
matches were made based on gender, CA (within 4 months), and intellectual abilities (Mullen
Early Learning Composite (ELC) within ½ standard deviation for those above floor
performance, age equivalent within 4 months for those at floor2). When more than one potential
match existed, the closest match was used. See Table 1 for CA, gender, and age equivalent
descriptive statistics related to the matched groups. All participants met the language use
criteria for administration of Module 1 of the ADOS. The native language of all participants
was English. Information about racial/ethnic background was available for 87 participants
(97%). The constitution of the sample was 86% Caucasian, 1% Hispanic, 5% Asian, and 8%
African American. Information regarding maternal education was available for 78 participants
(87%). Of these mothers, 51% had a college degree, an additional 46% had graduated from
high school, and 3% had not completed high school. No child had had cardiac surgery within
the previous 6 months.

Participants in the WS group were recruited through the Williams Syndrome Association or
through C. Mervis’s longitudinal project at the University of Louisville (UofL) and were
assessed at local and national conferences, as well as at the University of Wisconsin –
Milwaukee and UofL. Two participants in the ME group were recruited by contacting
Milwaukee area early intervention organizations and affiliated professionals and requesting
permission to supply them with flyers describing the project to distribute to potential
participants. In addition, 3 participants were recruited from the UofL longitudinal project
described above; this project also includes children with other developmental disabilities.
Eleven children with developmental disabilities of mixed etiology were assessed by C. Lord’s
group. The ME group consisted of 11 children with developmental disability of unknown
etiology, 3 with Down syndrome, and 2 with Kabuki syndrome.

Participants in the PDD and AUT groups were clinically diagnosed by experienced clinicians
according to DSM-IV criteria on the basis of administration of the Autism Diagnostic Interview
– Revised (23) and the ADOS, as well as developmental testing and general clinical interview.
Examiners were certified in the use of the ADI-R and ADOS for research. None of the
participants in the PDD or AUT groups had been diagnosed with a genetic disorder.

1In this manuscript, the ADOS classification of “autism” will be abbreviated as A, while the ADOS classification of “autism spectrum,”
which is indicative of fewer difficulties than its “autism” category and is related to diagnoses of PDD-NOS, will abbreviated as “AS.”
The abbreviation “ASD” will be used to refer to the whole autism spectrum, including behaviors characteristic of both autism and PDD-
NOS/AS.
2Age equivalents rather than standard scores were used when participants performed at floor on the Mullen (SS = 49). In Mervis and
Klein-Tasman (22), we caution against the use of age equivalents. We use them here with reservation, in an effort to avoid a floor effect
in our participant matching. In the current investigation, participants were individually matched on both CA and age equivalents, which
is likely to make the use of age equivalents, which can be misleading due to different developmental trajectories for different abilities,
less problematic.
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Measures
Autism Diagnostic Observation Schedule, Module 1—The Autism Diagnostic
Observation Schedule (ADOS: 24) is a structured, play-like interaction with an examiner
designed to assess abnormalities in communication, reciprocal social interaction, creativity and
imagination, and the presence of “restricted and repetitive behaviors.” Module 1 is
administered to children with no language or beginning language skills (maximum of simple
phrases). The examiner engages in a set of play activities designed to elicit social
communication (e.g., bubble play, pretend birthday party, activation of motorized bunny).
Individual target behaviors (e.g., eye contact, gestures, pointing) are coded according to
operational definitions chosen to capture abnormalities typically seen in children with ASD.
Behavior clearly indicating abnormality according to the operational definition provided is
scored 2 or 3, depending on severity. Behavior that shows no indication of abnormality is
scored 0. Behavior indicating more mild abnormality (with clear criteria specific to each item)
is scored 1. A subset of the items scored makes up the “ADOS Algorithm,” empirically derived
during the validation of the ADOS to distinguish between children with ASDs and children
without ASDs. Two cutoffs are available for the Deficits in Communication (COM) domain
and the Deficits in Reciprocal Social Interaction (SOC) domain, as well as for the Total
algorithm score (TOT): one to identify children with behavior likely indicative of “autism” (A)
and one to identify children with deficits likely indicative of a milder autism spectrum disorder
“PDD-NOS” (AS). In addition, although not factored into the diagnostic algorithm, scores are
available for Imagination and Creativity (Play) and for Restricted and Repetitive Interests (RR).
The ADOS was administered and scored according to standardization by certified examiners.

Mullen Scales of Early Learning—The Mullen (25) is an individually administered
measure of intellectual abilities for infants, toddlers, and preschoolers consisting of four core
subtests measuring visual reception and nonverbal reasoning (VR), fine motor skills (FM),
receptive language (RL), and expressive language (EL). T-scores and age equivalent (AE)
scores are yielded for subtests and an “Early Learning Composite” provides an overall
developmental quotient.

Results
Comparison to ME Group

Individual matches with non-spectrum developmental disabilities of mixed etiology (ME
group) were identified for 16 participants with WS. As indicated in Table 2, the distribution
of classifications on the ADOS was significantly different for the WS and the ME groups
(χ2(2) = 6.02, p = .049). Wilcoxon Signed Ranks tests were conducted to evaluate group
differences in algorithm scores. The two groups did not differ significantly in COM. However,
the children with WS showed significantly more abnormality than the ME group on all of the
remaining algorithm totals, including SOC, TOT, RR, and Play (see Table 3). For the item-
level analyses, an alpha level of .01 was used due to the number of comparisons conducted.
(See Table 4 for a summary of the item results and Supplementary Table 1 for detailed
descriptive and inferential item statistics.) Results of the t-tests indicated a significant group
difference for two items, Unusual Eye Contact (t (14) = 3.42, p =.004, Hedges g = .81) and
Imagination/Creativity (t (14) = 4.57, p < .001, Hedges g = 1.08), with the WS group
demonstrating greater abnormality for both. Given that the Unusual Eye Contact item showed
a much larger effect size than any of the other algorithm items, group differences in algorithm
scores (Social and Total) with this item removed were examined, with persistent significant
differences found (See Table 3).

Role of language level—Paired samples t-tests (see Table 5) revealed that the participants
with ME did not differ significantly from the individuals with WS on Mullen raw scores for
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either RL or EL. Additionally, the direction of these differences indicated somewhat stronger
abilities in the WS group, which would be expected to be associated with fewer socio-
communicative difficulties. Analyses controlling for language were therefore not conducted.

Exploration of subgroups—Given that half of the children with WS were classified
nonspectrum and half were classified AS or A (referred to here as ASD), an exploratory analysis
was conducted to compare the WS+ASD (n = 8) and the WS nonspectrum (n = 8) groups at
the domain level. The participants with WS were compared to their individually matched
participants in the ME group, regardless of the ADOS classification of the children in the ME
group (see Figure 1). The WS+ASD group showed significantly more SOC abnormalities than
did the corresponding ME group. No significant group differences were found in COM, Play,
RR, or TOT. Although both groups showed very few abnormalities overall, the WS
nonspectrum group showed significantly more abnormality in SOC, TOT and RR than did the
corresponding ME group.

Summary—Although were very few differences between the WS and ME groups at the item
level, the cumulative effect of socio-communicative difficulties at this level produced a group
difference at the SOC domain level, suggesting that young children with WS have greater
difficulties with social and emotional reciprocity than would be expected based on
developmental delay alone. This difference was present both for children with WS classified
AS by the ADOS and those classified nonspectrum, and persisted even when the item showing
the largest group difference, unusual eye contact, was removed from the algorithm.

Comparison to PDD Group
Individual matches with clinical diagnoses of PDD-NOS were identified for 17 participants
with WS. The distribution of classifications on the ADOS for the WS and PDD groups did not
differ significantly, χ2(2) = .92, p = .632 (see Table 2). The WS and PDD groups did not
significantly differ in COM, SOC, or RR totals, but the WS group showed significantly more
difficulty in Play (See Table 3). The two groups showed, on average, approximately the same
level of socio-communicative difficulties on the ADOS. At the item level, results indicated a
significant group difference for only one item, Responsive Social Smile (t(16) = −3.17, p = .
006, Hedges g = .73), with less difficulty for the WS group (see Supplementary Table 2).

Role of developmental level—Paired samples t-tests revealed that although the
participants were individually matched for Mullen AE, participants in the PDD group had
significantly stronger nonverbal reasoning and fine motor abilities and significantly weaker
RL than the participants in the WS group (see Table 5)3. The groups did not differ significantly
in EL raw scores, though a trend was evident (t (15) = 2.03, p = .060). Analyses were conducted
controlling for RL and EL; one participant pair was not included in the RL analysis due to
missing data. No variables showed significant group differences at the p < .01 level once RL
or EL were included as covariates. Hence, the difference in Social Smile did not persist once
RL or EL was controlled. (See Table 4 for a summary of the item results and Supplementary
Table 2 for detailed descriptive and inferential item statistics.)

Exploration of subgroups—An exploratory analysis was conducted to examine the WS
+ASD (n = 8) and the WS nonspectrum groups (n = 9), at the domain level, in comparison to
their respective PDD matches. See Figure 2. The WS+ASD group showed significantly poorer
SOC and TOT domain scores than did the matched participants with PDD-NOS. The WS
nonspectrum group showed significantly milder difficulties for COM, SOC, and TOT than did

3Note that such a difference would be most likely to result in the PDD group showing more impairment than the WS group, given that
poorer language skills are generally associated with poorer socio-communicative skills.
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the matched participants with PDD-NOS. The groups did not differ in Play or RR algorithm
totals, regardless of ADOS classification.

Summary—There were very few significant differences between the WS and PDD-NOS
groups at either the domain or item levels. However, once the WS group was divided by ADOS
classification, the participants with WS with nonspectrum classification showed significantly
fewer socio-communicative abnormalities than the PDD group, while the participants with WS
with ADOS ASD classifications showed significantly more difficulties with reciprocal social
interaction than the participants in the PDD group.

Comparison to Autism Group
Individual matches with clinical diagnoses of Autism were identified for 28 of the 30
participants with WS. As expected, almost all of the children with autism were classified in
the autism range on all aspects of the ADOS. More variability was observed within the sample
of children with WS, with approximately half of the WS group classified as AS or A on the
ADOS (see Table 2). These distributions were significantly different, χ2(2) = 35.86, p < .001.
Comparison of algorithm scores indicated that the children with autism scored significantly
higher in all three algorithm areas – COM, SOC, and TOT. There were no significant
differences between the groups in either RR or Play (See Table 3). At the item level, the WS
group received significantly lower mean scores, indicating less abnormality, on nearly all the
COM and SOC items, with the following exceptions, for which no group differences were
noted: Echolalia, Stereotyped Language, Unusual Intonation, and Giving objects to others (See
Supplementary Table 3). In the Play domain, the Autism group showed significantly more
abnormality in Imagination/Creativity (t (27) = 2.93, p = .007, Hedges g = .54), but the groups
did not differ significantly in Functional Play. No group differences were found in the RR
domain.

Role of developmental level—Paired samples t-tests revealed that the participants with
clinical diagnoses of autism, although individually matched to the participants with WS for
overall AE, had significantly stronger nonverbal reasoning and fine motor skills and
significantly weaker expressive and receptive language skills than did the children with WS
(see Table 5). Hence it is possible that the poorer socio-communicative abilities seen in the
autism group are related to poorer language abilities. A series of univariate regressions
controlling for expressive and receptive language was conducted to examine group differences
at the item level, with alpha level set at .01 given the large number of comparisons. (See Table
4 for item results and Supplementary Table 3 for detailed descriptive and inferential item
statistics.) Controlling for EL, significant group differences continued to be present at the
algorithm level and for the vast majority of socio-communicative items, with the exception of
Giving, Overall Level of Language, Stereotyped Language, and Showing. Four individuals
with autism, as well as their WS matches, were excluded from the RL analyses because of
missing data. Significant group differences, controlling for RL, continued to be present for
many of the socio-communicative items, although Giving, Showing, Stereotyped Language,
Use of Gestures, Use of Others’ Body to Communicate, and Response to Joint Attention did
not show significant group differences once RL was controlled.

Exploration of subgroups—An exploratory analysis was conducted to examine the WS
+ASD (n = 14) and the WS nonspectrum groups (n = 14), at the domain level, in comparison
to their respective AUT contrast groups (see Figure 3). The participants in both WS groups
showed significantly less impaired COM, SOC, and TOT domain scores than did their
respective AUT groups. The matched subgroups did not differ in Play or RR algorithm item
raw totals.
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Summary—The children with WS showed fewer socio-communicative deficits than did the
participants with autism at both the domain and item levels. The children with WS had
significantly stronger RL and EL than the children with clinical diagnoses of autism. Even after
RL and EL were statistically controlled, the WS group continued to show significantly milder
socio-communicative difficulties, although some group differences were no longer evident.

Discussion
Autism spectrum disorders are currently defined based on a pattern of behavioral characteristics
and developmental history including impairments in communication and reciprocal social
interaction and the presence of restricted and repetitive behavior. Overlaps with the autism
spectrum have been identified for children with a wide variety of genetically-based
neurodevelopmental disorders including Down syndrome (26), Fragile-X syndrome (27)
Angelman syndrome (28), Inverted Duplication 15 syndrome (29) and others. The study of
ASD characteristics in populations with known genetic etiologies has grown in an effort to
better understand the pathophysiology of ASD. Recently, for example, abnormalities in
amygdala connectivity have been observed for both WS (30) and autism (31).

In our prior paper examining the socio-communicative difficulties of young children with WS
using the ADOS (21) we found that about half of the young children with WS with limited
language showed significant socio-communicative deficits. Difficulties with declarative
pointing, showing objects, and giving were common for young children with WS, whereas
difficulties with directed vocalizations and facial expressions, modulated eye contact, and
initiation of joint attention were less frequent. We suggested that the presence of these latter
difficulties may indicate a need for consideration of a comorbid diagnosis of an autism spectrum
disorder. In the present investigation, we extended our prior findings by comparing the
performance of children with WS to individually-matched contrast participants with clinical
diagnoses of AUT or PDD-NOS and to a ME nonspectrum group.

Developmental Delay Alone Does Not Account for the Socio-Communicative Deficits Seen
in Williams Syndrome

Comparison to the ME group indicated that children with WS with limited language show more
difficulties with reciprocal social interaction than would be expected based on developmental
delay. Difficulties with modulated eye contact were particularly evident. Notably, eye contact
abnormalities as assessed by the ADOS can reflect any poor modulation of eye contact
(including overly intense eye contact) such that further research about the nature of the gaze
abnormalities in young children with WS is warranted. Results of exploratory analyses
indicated that even the children with WS with nonspectrum ADOS classifications showed more
social interaction deficits than would be expected based on developmental delay alone.
Communication difficulties were equally present for both the WS and ME groups, consistent
with the ADOS standardization data (24). No comparative difficulties with pointing were
observed. However, prior research indicates less frequent pointing in children with WS than
for children with other developmental disabilities (32) and the threshold for pointing on the
ADOS requires only one clear declarative point.

Socio-Communicative Deficits of Children with Williams Syndrome: Comparison to Autism
and PDD-NOS

Children with WS showed markedly fewer abnormalities than the children with autism,
consistent with prior research (16). There were some socio-communicative behaviors that did
not yield group differences. These tended to be items that were minimally endorsed for either
group, likely due to the language level of the participants which may not have allowed for
observation of these difficulties (echolalia, stereotyped language, intonation of vocalizations)
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in either group. Both groups failed to give objects to others throughout the interaction. These
group-based results certainly do not rule out the possibility of a comorbid autism diagnosis for
some individuals with WS. While comprehensive autism diagnostic assessments were not
conducted for the majority of the sample, a few participants were indeed also diagnosed
clinically with comorbid autism based on ADOS, ADI-R, and clinical judgment (see 21, for
further discussion).

Lincoln and colleagues (16) recently demonstrated that children with WS show lower levels
of socio-communicative abnormality in comparison to children with autism. While these
results converge with ours, the level of difficulties shown by the children with WS in their
sample was considerably milder than that observed in the children included in the current study.
Their description of the intellectual abilities of the children in their sample suggests that some
of the children with WS may have had stronger language abilities than are appropriate for the
administration of Module 1, which is designed for children with no expressive language or
who use single words or simple phrases. Administration of a module with fewer language
demands might provide an underestimate of the difficulties present (33). Furthermore, no
comparisons were made to children with PDD-NOS, who generally show milder socio-
communicative abnormalities.

Indeed, in the present investigation, the level of socio-communicative deficits observed for the
children with WS was most similar to that of the children with PDD-NOS. The distribution of
classifications on the ADOS for these groups did not differ significantly, and the groups did
not differ in the level of abnormalities in either communication or reciprocal social interaction.
When there was a difference from the PDD-NOS group, not unexpectedly it centered on
somewhat stronger affective reciprocity in young children with WS (less difficulty with
reciprocal social smiling). Notably, not all participants with WS displayed socio-
communicative difficulties suggestive of overlap with the autism spectrum. Exploration of the
patterns of performance of subgroups of the participants indicated that on average the
participants with WS with nonspectrum ADOS classifications showed less socio-
communicative abnormality than did their individually matched PDD-NOS controls, whereas
those with ASD classifications on average showed more socio-communicative abnormality
than their PDD-NOS controls.

Repetitive Behavior and Play Behavior
Although not the primary focus of this investigation, the ADOS provides indication of other
behaviors associated with ASD diagnosis, including the quality of play behavior and the
presence of restricted and repetitive behaviors and interests. All participant groups showed
difficulty in these areas. Notably, the WS group showed significantly greater difficulties with
play, and more restricted and repetitive behaviors, on average, than did the ME group. While
the level of restricted and repetitive behaviors for the WS group did not differ from that of the
participants with clinical diagnoses of autism or PDD-NOS, the participants with WS showed
more abnormal play behavior, on average, than the children with PDD-NOS. The measurement
of repetitive behavior and play behavior in the ADOS is not very detailed, but these results
nevertheless point to the importance of examining play behaviors and repetitive behaviors in
young children with WS using a more comprehensive approach.

Limitations
The ADOS was chosen here because it is a well-researched observational measure of socio-
communicative difficulties with broad coverage. Nevertheless, this measure has several
limitations. First, total scores are used to determine classification. While higher scores are
associated with more socio-communicative difficulties, these total scores were not developed
as measures of severity per se. Second, the general desire of individuals with WS to interact
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with others did not emerge from the pattern of findings presented. The ADOS coding provides
minimal opportunity to find areas of strength, as it is designed to identify areas of weakness.
Third, the threshold for “no abnormality” on items reflecting social engagement (e.g., Shared
Enjoyment) is very low on the ADOS as these items are meant to capture the extreme
difficulties of children with ASD with social connectedness. Future investigations would
benefit from more comprehensive comparisons of the behavior of children with WS and
children with PDD-NOS that go beyond the ADOS codes themselves.

There are also several potential design limitations. Due to the stringent matching used in this
investigation to control the roles of development and cognitive abilities, and the inclusion of
children in a narrow age range all administered the same ADOS module, the matched groups
were of small numbers and represent a small proportion of their respective populations.
Information regarding history of services was not available, and such history could affect the
level of socio-communicative difficulties observed. Additionally, we report here only results
for children administered Module 1 of the ADOS. Examination of consecutive ADOS
assessments at the University of Louisville indicated that some children with WS in this age
range were administered Module 2, intended for children with at least phrase speech. While
2-year-olds were consistently given Module 1, about 1/3 of children ages 3 and 4 completed
Module 2 rather than Module 1, as did most of the 5-year-olds. Hence, these results do not
represent the rate of socio-communicative abnormality in WS more generally, but rather reflect
the rate of such abnormalities in children with limited language, including older toddlers and
younger preschoolers in general, and older children with greater language delays. These
findings warrant replication with larger samples and developmental follow-up. Finally, a
possible limitation is the ratio of boys to girls in the current sample (approximately 2:1), which
is different from that found in large-scale epidemiological studies. However, studies suggest
that apart from intellectual functioning, negligible gender differences in socio-communicative
deficits as assessed by expert ratings are observed (34,35).

Conclusion and Implications
The results of this study deepen our understanding of the level of socio-communicative
abnormality that is often present for young children with WS who have limited language. The
presence of these difficulties cannot be accounted for solely by developmental delay. In our
prior article, we indicated that socio-communicative deficits are indeed seen in young children
with WS and cautioned against diagnostic overshadowing when assessing children with WS.
The results of the current study further indicate that some children with WS show more deficits
in reciprocal social interaction than expected based on developmental delay alone.
Furthermore, although preliminary, young children with WS classified ASD on the ADOS on
average showed greater socio-communicative deficits than children with PDD-NOS diagnoses
matched for CA, developmental level, and gender. Despite their socio-communicative
difficulties, there was indeed some evidence of the affiliative nature of children with WS as
they were found to be somewhat more likely to show reciprocal smiling than the children with
PDD-NOS.

As was the case for our previous report with this WS dataset (21), the intention of this study
is not to indicate that a large proportion of children with WS should be diagnosed with PDD-
NOS. Such a diagnosis could not be made based on the data collected here, but instead would
best be based on the administration of the ADOS together with administration of the ADI-R
(23) and consideration of clinical judgment (36). Furthermore, there are multiple levels of
analysis of disorder, including the genetic level, the brain level, and the phenotypic level. Our
current conceptualization of PDD-NOS and Autism diagnoses is based entirely on behavior
without regard to etiology. This study provides evidence for overlap at the phenotypic level
only.
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Not only did children with WS with limited language on average show about the same level
of socio-communicative abnormality as children with clinical diagnoses of PDD-NOS, those
children with WS who were classified ASD showed significantly more difficulties in reciprocal
social interaction than did children with clinical diagnoses of PDD-NOS. We therefore reiterate
our caution regarding diagnostic overshadowing, as lack of ASD diagnosis often precludes
these children from access to treatments developed for use with children with PDD-NOS which
may also be beneficial and appropriate for many children with WS. When children with WS
do show difficulties that overlap with the autism spectrum, a full diagnostic evaluation is
warranted to carefully examine whether the difficulties present are fully explained by WS
alone. Children with WS who meet clinical criteria for PDD-NOS or Autism should be
diagnosed with these disorders and not excluded based on their genetic diagnosis. Additional
research regarding issues of differential diagnosis in this population is warranted.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Exploratory comparison of ADOS domain scores of children with WS with and without Autism
or Autism Spectrum ADOS classifications to matched participants in ME group: WS NS =
Williams syndrome with nonspectrum ADOS classification; Matched ME = Mixed Etiology
group participants matched individually to the WS participants in the respective group; WS
ASD = Williams syndrome with autism spectrum ADOS classification.
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Figure 2.
Exploratory comparison of ADOS domain scores of children with WS with and without Autism
or Autism Spectrum ADOS classifications to matched participants in PDD group. WS NS =
Williams syndrome with nonspectrum ADOS classification; Matched PDD = PDD group
participants matched individually to the WS participants in the respective group; WS ASD =
Williams syndrome with autism spectrum ADOS classification.
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Figure 3.
Exploratory comparison of ADOS domain scores of children with WS with and without Autism
or Autism Spectrum ADOS classifications to matched participants in AUT group. WS NS =
Williams syndrome with nonspectrum ADOS classification; Matched AUT = Autism group
participants matched individually to the WS participants in the respective group; WS ASD =
Williams syndrome with autism spectrum ADOS classification.
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Table 1
Descriptive statistics for whole Williams syndrome group and matched Mixed
Etiology, PDD-NOS, and Autism groups

Whole Williams Syndrome Group

WS (n = 30)

Gender 19 male, 11 female

Mean CA in months (range) 41.23 (30–63)

Mean AE (range) 22.23 (12.5–35.5)

Mean Mullen ELC (range) 58.37 (49–99)

Williams Syndrome/Mixed Etiology Matched Groups

WS (n = 16) ME (n = 16)

Gender 11 male, 5 female 11 male, 5 female

Mean CA in months (range) 40.44 (33–63) 41.63 (31–60)

Mean AE (range) 23.30 (13–35.5) 22.92 (10–35.75)

Mean Mullen ELC (range) 61.63 (49–99) 58.15 (49–100)

Williams Syndrome/PDD-NOS Matched Groups

WS (n = 17) PDD-NOS (n = 17)

Gender 12 male, 5 female 12 male, 5 female

Mean CA in months (range) 42.65 (31–63) 43.35 (35–61)

Mean AE (range) 21.53 (12.5–31.25) 21.29 (9–32)

Mean Mullen ELC (range) 55.65 (49–73) 54.33 (49–71)

Williams Syndrome/Autism Matched Groups

WS (n = 28) AUT (n = 28)

Gender 18 male, 10 female 18 male, 10 female

Mean CA in months (range) 41.68 (30–63) 41.00 (30–62)

Mean AE (range) 21.57 (12.5–31.25) 21.09 (11.5–32.25)

Mean Mullen ELC (range) 56.29 (49–76) 55.78 (49–86)

Note. WS = Williams syndrome; PDD-NOS = Pervasive Developmental Disorder – Not Otherwise Specified; AUT = Autism; AE = Average age equivalent
in months of Mullen subdomains; ELC = Early Learning Composite standard score.
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Table 2
Distributions of ADOS classification for matched participant groups.

Groups Compared ADOS Classification

WS/ME
(n = 16)

Autism AS Nonspectrum

WS 1 7 8

ME 2 1 13

WS/PDD-NOS
(n = 17)

Autism AS Nonspectrum

WS 2 6 9

PDD-NOS 4 6 7

WS/Autism
(n = 28)

Autism AS Nonspectrum

WS 3 11 14

Autism 25 3 0

WS = Williams syndrome; ME = Mixed etiology; PDD-NOS = children with clinical diagnoses of Pervasive Developmental Disorder-Not Otherwise
Specified; Autism = children with clinical diagnoses of autism; AS = Autism Spectrum
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