J Autism Dev Disord (2013) 43:103-113
DOI 10.1007/s10803-012-1547-3

ORIGINAL PAPER

Social Responsiveness and Competence in Prader-Willi
Syndrome: Direct Comparison to Autism Spectrum Disorder

Anastasia Dimitropoulos + Alan Ho -
Benjamin Feldman

Published online: 11 May 2012
© Springer Science+Business Media, LLC 2012

Abstract Prader-Willi syndrome (PWS), a neurodevel-
opmental disorder primarily characterized by hyperphagia
and food preoccupations, is caused by the absence of
expression of the paternally active genes in the proximal
arm of chromosome 15. Although maladaptive behavior
and the cognitive profile in PWS have been well charac-
terized, social functioning has only more recently been
systematically examined. Findings to date indicate the
social impairment exhibited may reflect specific difficulty
interpreting and using social information effectively. In
addition, evidence suggests that there is an increased risk
of social deficits in people with the maternally-derived
uniparental disomy (mUPD) subtype of PWS in compari-
son to those with 15q11-13 paternal deletion (DEL). Using
the Social Responsiveness Scale (SRS) and the Social
Competence Inventory, our goal was to compare social
functioning in PWS to individuals with autism spectrum
disorder (ASD). Participants with mUPD scored similarly
to the ASD group across most SRS domains. All groups
had difficulty with social competence, although the DEL
group scored highest on prosocial behavior. Findings sug-
gest further characterization of social behavior in PWS is
necessary to aid in advancing the understanding of the
contributions of genes in the 15q11-13 critical region to
ASD susceptibility, particularly with respect to the over-
expression of maternally expressed genes in this region,
as well as aiding in awareness and development/imple-
mentation of interventions.
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Introduction

Prader-Willi syndrome (PWS) is a genetic neurodevelop-
mental disorder, primarily characterized by hyperphagia
and food preoccupations, which is caused by the absence of
expression of the paternally active genes in the proximal
arm of chromosome 15. First described in 1956, approxi-
mately 70 % of the cases are due to the deletion (DEL) of
the paternally inherited chromosome 15 (q11-q13 region),
25 % are due to maternal uniparental disomy (mUPD) of
chromosome 15, and the rest are due to either a methyla-
tion imprinting defect or a translocation microdeletion
(Ledbetter et al. 1981; Nicholls et al. 1989). Individuals
with PWS typically exhibit mild to moderate intellectual
disability and various internalizing and externalizing
symptoms along with repetitive/ritualistic behavior (Clarke
et al. 1996; Dimitropoulos et al. 2006; Dykens et al. 1996;
Reddy and Pfeiffer 2007; Stein et al. 1994; van Lieshout
et al. 1998). Some of the clinical characteristics of indi-
viduals with PWS differ according to the specific genetic
abnormality. Individuals with the DEL subtype are more
severely affected than those with mUPD across a number
of domains, which include: the characteristic facial
appearance and hypopigmentation (Cassidy 1984), intelli-
gence (Roof et al. 2000), maladaptive behavior (Dykens
et al. 1999), and self-injurious behavior (Symons et al.
1999). However, individuals with mUPD are at increased
risk for developing atypical psychosis after adolescence
(Verhoeven and Tuinier 2006) and autistic-like symptoms
(Descheemaeker et al. 2006; Dimitropoulos and Schultz
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2007; Greaves et al. 2006; Milner et al. 2005), but are at
similar risk to people with DEL for compulsive behavior
(Dykens and Roof 2008).

While the behavioral phenotype in PWS has been well
characterized with regard to maladaptive behavior and
cognitive profile (see recent review by Ho and Dimitrop-
oulos 2010), social functioning has only more recently
been examined systematically. This is not surprising given
that the immediate needs of individuals with PWS must
first focus on dietary control and management of exter-
nalizing behavior problems. However, further character-
ization of the phenotype allows for more targeted
behavioral interventions in addition to informing pheno-
type/genotype expression. As such, there is increasing
acknowledgement of social difficulties among individuals
with PWS above and beyond what is thought to be expe-
rienced by a person with similar level of intellectual
impairment. Furthermore, evidence indicating a genetic
risk for autism associated with the PWS 15q11-13 region
indicates additional characterization of the PWS phenotype
may inform the 15q11-13 genotype/phenotype and ASD
genetic susceptibility. Of children diagnosed with idio-
pathic autism, 1-3 % have been shown to have maternally
inherited duplications of the 15q11-13 region; one of the
more frequent structural variants found in autism (Bolton
et al. 2001; Cook et al. 1997; Vorstman et al. 2006). In
addition, individuals with isodecentric 15 syndrome are at
increased risk for a comorbid autism spectrum disorder
(Battaglia 2005). People with mUPD are thought to be at
greater risk of autistic symptoms than individuals with
DEL because of the maternally inherited duplication and
thus overexpression of genes in the 15ql11-13 region
(Schanen 2006). The exact function of the genes in the
PWS critical region has yet to be determined although there
are strong candidates for psychosocial behavior in the
maternally expressed gene, ubiquitin protein ligase E3A
(UBE3A)—the gene that causes Angelman syndrome, and
genes altering serotonin functioning such as the small
nucleolar RNA (snoRNA) SNORDI115 (Schanen 2006;
Kishore et al. 2006). Behavioral studies to date, using
either symptom checklists or standardized autism evalua-
tions, have shown increased risk of autism symptomatol-
ogy for people with mUPD (Descheemaeker et al. 2006;
Dimitropoulos and Schultz 2007; Greaves et al. 2006;
Milner et al. 2005). It is not as clear how much of this risk
is due to social functioning however, as much of the past
research has used ASD symptom checklists that are overly
reliant on repetitive and ritualistic behaviors, which include
only a few items pertaining to social functioning or mea-
sures that do not yield a separate subscale score for social
functioning. That said, even with use of these global
symptom checklists, those with mUPD have been reported
to have increased risk of social isolation compared to those
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with DEL (Descheemaeker et al. 2006). In addition, in the
one published study that used both the Autism Diagnostic
Observation Schedule (ADOS) and Autism Diagnostic
Interview, Revised (ADI-R) with individuals with PWS,
greater deficits in reciprocal social interaction were shown
for individuals with mUPD compared to the DEL subtype
(Milner et al. 2005). As such, identifying common behav-
iors between individuals with mUPD and ASD may further
indicate the importance of overexpression of the 15q11-13
region in increasing the risk of ASD and in ASD-related
social impairment specifically.

In the past, clinical reports have suggested that the social
characteristics of those with PWS change after early
childhood. In general, infants and toddlers with PWS ini-
tially appear to be happy, affectionate, and friendly, but
later develop significant behavior problems that include
temper tantrums, stubbornness, and maladaptive behaviors
(Cassidy et al. 2000). Both clinical and research reports
also suggest that older children and adults with PWS
exhibit poor peer relationships, a lack of friends, immatu-
rity, weakness in coping skills, and a preference for solitary
activities (Cassidy 1984; Clarke et al. 1996; Dykens and
Cassidy 1995; van Lieshout et al. 1998). Negative self-
image and isolation have been shown to increase with age
and general social inadequacies have been commonly
reported in PWS (Dykens and Cassidy 1995). In addition,
although social competence has been shown to increase
with age in individuals with Williams and Down syn-
dromes, this does not appear to be true for those with PWS
(Rosner et al. 2004). While most individuals with PWS do
not appear to exhibit the severity of deficits in social rec-
iprocity found in classic autism, many of their social
behaviors appear to be on the same continuum of social
deficits found in autism spectrum disorder (ASD; e.g.,
social withdrawal, poor peer relationships, lack of empa-
thy). In fact, Koenig et al. (2004) found strikingly similar
social deficits between IQ and age-matched participants
with PWS and individuals with ASD using a social attri-
bution task (Klin 2000) that measures the ability to auto-
matically infer social information while viewing an
ambiguous video; both groups made fewer attributions of
feeling states and shared-feeling states that result from
social situations (i.e., jealousy), which were critical to
understanding the social story in the task. Other research
directly comparing PWS to autism indicates key social
relating deficits hallmark to the classic autism diagnosis
(i.e., avoiding eye contact, aloofness) were evident in
greater than 50 % of the PWS sample (Dimitropoulos et al.
2009). These findings suggest that the social impairment
exhibited by individuals with PWS represents a deficit that
is not merely a consequence of associated maladaptive
behavior, but may reflect a specific difficulty interpreting
and using social information effectively.
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This growing body of evidence suggests more attention
to the PWS social phenotype is warranted. The purpose of
this study is to further examine the social phenotype of
PWS by directly comparing social competence and
responsiveness in individuals with one of the two primary
PWS genetic subtypes to participants with an ASD. By
directly comparing individuals with PWS to idiopathic
autism, common social characteristics among the disorders
can be identified. With respect to those with the mUPD
subtype, overexpression of genes in the maternal 15q11-13
region and the relatively frequently occurring maternally
inherited duplications of 15q11-13 in idiopathic autism
make identifying the common characteristics between
mUPD and idiopathic autism relevant for ASD suscepti-
bility genes. It is hypothesized that individuals with mUPD
will show more significant social responsiveness and
competence deficits than those with DEL, thereby dis-
playing behavior more similar to that seen among indi-
viduals on the autism spectrum. Using measures designed
with specific focus on social functioning we aim to provide
a more descriptive characterization of social deficits in this
population that will extend the past findings that relied on
both ritualistic behavior and social functioning in the
assessment of ASD functioning.

Methods

Participants

Participants were 58 individuals aged 7-30 years diagnosed
with either PWS (genetic subtype: DEL n = 20, mUPD
n = 19) or an autism spectrum disorder (ASD; n = 19).

Sample characteristics are provided in Table 1. As Table 1
shows, participants with DEL were, on average, 4 years

Table 1 Participant characteristics

older than the other two groups. Participants with ASD had
significantly higher scores in Performance 1Q (PIQ) than
those with mUPD; both age and PIQ were used as covariates
in all between-group analyses. Participants with PWS were
recruited through multiple sources, including: the PWS
genetics interdisciplinary clinic at University Hospitals,
advertisements through the national PWS Association
(PWSA-USA) and Foundation for PWS Research websites,
and PWSA state chapter events (Ohio and Pennsylvania).
Participants with ASD were recruited through local autism
organization newsgroups and events including Autism
Speaks, the Autism Society for America, and the University
Hospitals Seminars on Autism seminar series. PWS genetic
subtype confirmation was provided by parents for 29 par-
ticipants. For the remaining 10 participants, parents reported
genetic testing was completed and provided subtype infor-
mation for their child (parent report: 7 DEL, 3 mUPD);
however, documentation of genetic subtype was not
obtained if the participants were seen at their group home
residence or camp, and parents were not present for data
collection. Mean scores on social measures did not differ
between those with parent report of diagnoses and those with
documentation for either PWS subtype, thus participants
with parent-report diagnosis were included in the final
analyses (p value range = .25-.77 for SRS-Total score, SCI-
Prosocial, and SCI-Initiative). All individuals included in the
ASD sample provided documentation of a primary diagnosis
of autism, pervasive developmental disorder-not otherwise
specified (PDD-NOS), or Asperger disorder from a pedia-
trician, clinical psychologist, psychiatrist, or pediatric neu-
rologist prior to enrollment. Diagnosis was confirmed by
ADOS (Lord et al. 1999) and ADI-R (Rutter et al. 2003)
administered as part of a larger study.

Participant data was collected as part of an ongoing
research program examining autistic symptomatology in

PWS-DEL PWS-mUPD ASD Post hoc comparison
(n = 20) (n=19) (n = 19)
Age* 18.9 (6.8) 14.4 (5.8) 142 (4.2) DEL > mUPD & ASD
# Male** 6 8 16
IQ
Full scale 65.61 (10.9) 62.27 (16.2) 74.47 (23.3)
Verbal 69.47 (10.8) 70.88 (19.1) 78.05 (20.9)
Performance™* 72.82 (10.7) 64.81 (11.6) 79.47 (23.8) ASD > mUPD
Adaptive behavior
Composite 66.0 (16.2) 64.25 (12.0) 66.0 (8.9)
Daily living 68.0 (19.2) 66.94 (16.8) 68.89 (12.3)
Communication 66.21 (24.1) 68.0 (10.7) 69.32 (10.9)
Social 69.00 (12.5) 62.69 (13.7) 64.11 (9.8)

For age, 1Q, and Adaptive Behavior, values are presented as mean (SD). * p < .01, ** p < .001
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PWS and as such, some participants were not administered
all measures. For this study, only participants who had
complete data on social competence and responsiveness
were included. Intellectual abilities were assessed in 52
participants (18 PWS-DEL, 15 PWS-UPD, 19 ASD) using
the Wechsler Intelligence Scale for Children (WISC-IV;
(Wechsler 2003), Wechsler Adult Intelligence Scale
(WAIS-III; Wechsler 1997), or the Wechsler Abbreviated
Scale of Intelligence (WASI; Wechsler 1999). Parents of
49 participants completed an interview regarding adaptive
behavior (14 PWS-DEL, 16 PWS-UPD, 19 ASD). All
participants and/or their caregivers gave informed written
consent and were financially compensated for their par-
ticipation. This research was approved by the University
Hospitals Case Medical Center Institutional Review Board
for Human Investigation.

Measures

Vineland Adaptive Behavior Scale, Second Edition—
Vineland-II (VABS; Sparrow et al. 2005)

The VABS assesses social and personal adaptive abilities
of a participant (from birth to adulthood). It consists of 297
items presented in a semi-structured interview to the pri-
mary caretaker of the individual. Domains include: com-
munication, daily living skills, and socialization. The
instrument is well normed and standardized on a repre-
sentative national sample selected to match U.S. census
data.

Social Responsiveness Scale (SRS; Constantino
and Gruber 2005)

The SRS is a 65-item parent/caregiver-report rating ques-
tionnaire that examines the social, communication, and
repetitive/stereotypic behavior characteristic of autistic
spectrum disorders. Informants complete each question
using a 0 (not true) to 3 (almost always true) Likert scale,
which makes it useful across a wide range of symptom
severity. The SRS has been standardized based on a large
sample of children 4-18 years of age. However, the
developers have also used it with adults (Constantino and
Todd 2005; Reiersen et al. 2008). The survey yields an
overall score reflecting severity of social deficits in ASD,
as well as five symptom domain scores: Social Awareness
(SRS-AWARE), Social Cognition (SRS-COG), Social
Communication (SRS-COMM), Social Motivation (SRS-
MOTYV), and Autistic Mannerisms (SRS-MANN). Reli-
ability estimates are above .90 for males and females and
for both clinical and normative samples. Higher scores on
the SRS indicate a greater degree of social disability. In
validation studies, the SRS has been found to be strongly

@ Springer

correlated with the ADI-R algorithm score on reciprocal
social interaction (Constantino et al. 2003).

Social Competence Inventory (SCI; Rydell et al. 1997)

The SCI is a 25-item parent/caregiver report questionnaire
scored on a five-point Likert scale. It contains two sub-
scales derived through factor analysis: the Prosocial ori-
entation subscale (SCI-PRO) assesses generosity, empathy,
understanding of others, conflict handling, and helpfulness
which promote smooth social interactions with peers; and,
the social initiative subscale (SCI-SI), which identifies both
active initiation of social interaction and withdrawal
behaviors in social situations. Higher scores indicate better
social functioning. Both scales have been validated and
have excellent reliability, a = .88 and .75 for SCI-PRO and
SCI-SI respectively. Data from the validation sample
includes mean scores by peer status group. The popular
group [SCI-PRO = 4.11 (.39); SCI-SI = 4.49 (.38)] and
the average group [SCI-PRO = 3.65 (.80); SCI-SI = 3.84
(.85)] indicate greater social functioning than the rejected
group [SCI-PRO = 2.93 (.94); SCI-SI = 3.32 (1.13)]. The
SCI has been used with ASD samples in past research
(Meyer et al. 2006; White and Roberson-Nay 2009) and is
suggested to be more relevant to the symptoms of autism
than other social assessment measures designed to identify
disruptive behaviors (White et al. 2007).

Results
The Social Responsiveness Scale

Analysis of covariance (ANCOVA) was used to compare
the SRS total and domain scores between groups while
controlling for age and PIQ. Neither covariate significantly
affected the model for the total or domain scores. Mean
SRS T-scores for each group are reported in Table 2. A
significant effect of group was found for the SRS Overall
score, SRS-COG, SRS-COMM, SRS-MOTYV, and SRS-
MANN scores with the DEL participant group reporting
significantly lower ratings than both the ASD and mUPD
groups. SRS-AWARE did not differ significantly by group.
Based on the standardization sample for the SRS, T-scores
above 60 indicate clinically significant deficits in reciprocal
social behavior. Scores between 60 and 75 suggest mild to
moderate interference with everyday social interaction.
Scores 76 or higher are reported by the authors of the SRS
to be strongly associated with a clinical diagnosis of
autistic disorder, Asperger’s disorder, or more severe cases
of pervasive developmental disorder-not otherwise speci-
fied and suggest a severe interference with everyday social
interaction. Figure 1 shows the percentage of participants
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Table 2 Social responsiveness and competence scores by participant group

PWS-DEL PWS-mUPD ASD F value, pairwise comparison
(n = 20) (n=19) (n=19)
SRS overall score 70.60 (14.2) 82.32 (10.8) 79.79 (8.9) 7.28** DEL < ASD & mUPD
Social awareness 63.85 (12.2) 69.53 (13.8) 67.89 (10.9) 2.34
Social cognition 69.9 (15.2) 80.42 (11.45) 77.79 (9.8) 4.19*, DEL < ASD & mUPD
Social communication 67.70 (13.9) 79.84 (11.1) 77.47 (8.9) 6.40** DEL < ASD & mUPD
Social motivation 60.10 (11.9) 71.63 (12.2) 70.26 (10.9) 5.82** DEL < ASD & mUPD
Autistic mannerisms 76.75 (13.8) 85.47 (11.4) 82.05 (8.3) 4.56* DEL < ASD & mUPD
SCI prosocial 343 (.61) 2.89 (.59) 2.54 (.55) 7.20%* ASD < DEL
SCI social initiative 3.05 (.82) 2.64 (.72) 2.51 (.73) 2.03

Values are presented as mean (SD). * p < .05, ** p < .01
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Fig. 1 The percent of participants within each group scoring in the
average, mild/moderate, and severe range of social functioning
according to the SRS Overall T-score clinical cutoffs

within each group who report average, mild/moderate, and
severe social functioning according to the SRS Overall
T-score clinical cutoffs.

Within-group correlation analyses were conducted to
examine the relation between SRS scores and intellectual
functioning (PIQ) as well as with age. There were no sig-
nificant correlations between SRS scores and age for any
participant group. In addition, for the ASD and mUPD
groups, no significant correlations were found between
SRS scores and PIQ, with the exception of SRS-MANN for
the mUPD group (r = .60, p < .01). Results for the DEL
group indicated significant negative correlations between
PIQ and SRS Overall score (r = —.57, p < .05), SRS-
AWARE (r=—.47, p=.05), SRS-COG (r = —.58,
p < .05), SRS-COMM (r = —.58, p < .05), SRS-MOTV

(r = —.51, p <.05), and approaching significance, SRS-
MANN (r = —.45, p = .07).

Examination of individual items was conducted to
determine the types of behaviors most commonly endorsed,
as well as those with infrequent endorsement among the
PWS subgroups. For item analyses, SRS items were
dichotomized into endorsed (response types: often true or
almost always true) and not endorsed (response types: not
true or sometimes true) and reverse coded items were
transformed for reporting consistency. For the mUPD
group, 22 items were endorsed by at least 60 % of the
sample as compared to 5 items for the DEL group
(Table 3). The most frequently endorsed items for the
mUPD group consisted primarily of items from the SRS-
MANN and SRS-COMM domains. Items that were
endorsed frequently for both PWS groups include: having
more difficulty than other children with routine changes,
perseverative thoughts, playing appropriately with children
their own age, understanding or recognizing personal
space, and not minding being out of step or ‘not on the
same wavelength’ as others. Items that were never or rarely
endorsed for both PWS groups included: touching others in
unusual ways, facial expressions not matching what indi-
vidual says, and reacting to people as if they are objects
(Table 3).

The Social Competence Inventory (SCI)

Analysis of covariance (ANCOVA) was used to compare
the SCI-PRO and SCI-SI scores between groups while
controlling for age and PIQ. Neither covariate significantly
affected the model for social competence scores. SCI-PRO
differed significantly between groups (Table 2). Pairwise
comparisons indicated participants with DEL had signifi-
cantly higher scores on SCI-PRO (greater prosocial ori-
entation) than both ASD and mUPD groups. There was
also a trend toward significant difference between mUPD
and ASD (p = .095). SCI-SI scores did not differ by group.
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Table 3 SRS item endorsement by group

Item description mUPD DEL ASD
SRS items endorsed by at least 60 % of mUPD or DEL groups
Has more difficulty than other children with changes in his/her routine 89.5 70 68.4
Can’t get his/her mind off something once he/she starts thinking about it 89.5 70 73.7
Plays appropriately with children his/her age (REVERSED) 89.5 65 94.7
Thinks or talks about the same thing over and over 84.2 30 68.4
Knows when he/she is too close to someone or is invading someone’s space(REVERSED) 84.2 60 89.5
Knows when he/she is talking too loud or making too much noise (REVERSED) 78.9 55 84.2
When under stress, he/she shows rigid or inflexible patterns of behavior that seem odd 78.9 45 78.9
Is not well coordinated 78.9 55 26.3
Is inflexible, has a hard time changing his/her mind 73.7 55 42.1
Doesn’t seem to mind being out of step with or “not on the same wavelength” as others 68.4 70 68.4
Is able to imitate others’ actions (REVERSED) 68.4 55 36.8
Has difficulty relating to peers 68.4 30 73.7
Responds appropriately to mood changes in others (e.g. when a friend’s or playmate’s 68.4 55 78.9
mood changes from happy to sad) (REVERSED)
Doesn’t understand how events relate to one another (cause and effect) the way 68.4 45 84.2
other children his/her age do
Is regarded by other children as odd or weird 68.4 35 73.7
When under stress, he/she shows rigid or inflexible patterns of behavior that seem odd 63.2 45 78.9
Walks in between people who are talking 63.2 35 47.4
Has difficulty making friends, even when trying his/her best. 63.2 25 57.9
Gets frustrated trying to get ideas across in conversations 63.2 25 42.1
Seems self-confident when interacting with others (REVERSED) 63.2 55 63.2
Has good self-confidence (REVERSED) 63.2 55 63.2
Does not join group activities unless told to do so 63.2 25 47.4
SRS items endorsed by less than 5 % of mUPD or DEL groups
Is emotionally distant, doesn’t show his/her feelings 26.3 5 21.1
Talks to people with an unusual tone of voice (e.g., talks like a robot or like 15.8 5 26.3
he/she is giving a lecture)
Avoids starting social interactions with peers or adults 26.3 5 31.6
Stares or gazes off into space 26.3 5 15.8
Is overly suspicious 21.1 5 10.5
Wanders aimlessly from one activity to another 21.1 0 21.1
Has overly serious facial expressions 31.6 0 10.5
Touches others in an unusual way (e.g. he/she may touch someone just to make contact 53 0 31.6
and then walk away without saying anything)
Expressions on his/her face don’t match what he/she is saying 53 0 10.5
Seems to react to people as if they are objects 53 0 10.5
Avoids people who want to be emotionally close to him/her 15.8 0 26.3

REVERSED indicates items that have been reverse coded (i.e., 89.5 % of children with mUPD indicated ‘not true’ or ‘sometimes true’ to the
SRS item, “plays appropriately with children his/her age”. Bold values indicates percentages that fall below 60 % endorsement in top half of the

table OR percentages that are above 5 % in the bottom section

Within-group correlation analyses indicated no relation
between social competence scores and age or PIQ for any
participant group. Within the DEL group, a positive cor-
relation between SCI-PRO and PIQ was approaching sig-
nificance (r = .44, p = .08).

SCI item analyses was performed by first dichotomizing
responses into ‘does not apply’ (responses 1 or 2) and
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‘applies or applies very well’ (responses 3-5) with reverse
scoring appropriately transformed. Several items were
endorsed by the majority of respondents (>60 %) in the
mUPD group as being low social competence behaviors
(scored as ‘does not apply’) including: preventing conflicts
(68.4 %), being a leader in activities/games (84.2 %),
intervening in peer’s conflicts (73.7 %), inviting shy
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Table 4 Correlations between SRS, SCI, and VABS by participant group

SRS overall score SCI prosocial SCI social initiative

DEL mUPD ASD DEL mUPD ASD DEL mUPD ASD
SCI prosocial —.69% —.21 —.09 _ _ _ _ _ _
SCI social initiative —.67% —.46% -.32 _ _ _ _ _ _
VABS composite —.65% —.51* —.18 .62% 70%* —.16 44 32 27
VABS social —.70% —.69% -39 70* 52% —-.29 .62% 29 .28

*p<.05

children to participate (78.9 %), and being more of a
spectator than participant while others play (reverse scored;
63.2 %). For the DEL group, no items were endorsed as
being low social competence behaviors by greater than
60 % of respondents.

Comparisons of SRS, SCI, and Adaptive Behavior
Ratings

Within-group correlation analyses were conducted to
determine the relation between social responsiveness and
competence with adaptive behavior. Table 4 shows corre-
lations within group for SRS Overall score, SCI scores, and
VABS Adaptive Behavior Composite and Social domain
scores. For participants with PWS DEL, the SRS Overall
score was significantly correlated with SCI and VABS
scores, indicating better social responsiveness (lower
scores) with higher overall adaptive and social behavior, as
well as prosocial behavior and social initiative. Similar
correlations with the SRS Overall score were seen within
the mUPD group, albeit somewhat more modestly, with the
exception of SCI prosocial behavior. In both PWS groups,
the VABS scores were positively correlated with the SCI
prosocial behavior scores, indicating higher competence
with increased adaptive behavior. Interestingly, scores
between the three measures were not significantly corre-
lated within the ASD group.

Discussion

To date, many of the published studies on autistic symp-
tomatology in PWS have used autism symptom checklists
that combine repetitive behavior and stereotypies with
social functioning items in determining whether the child
meets ASD diagnostic criteria. Therefore, it is difficult to
tease apart if meeting ASD criteria is over influenced by
the presence of repetitive/ritualistic behaviors that are
prevalent in PWS. This study uses measures designed and
validated to isolate strengths and weaknesses in social
functioning specifically. Regardless of genetic subtype,
results indicate that people with PWS have significant

difficulties with social behavior that are indicative of aut-
ism spectrum symptomatology. These findings further
indicate that social functioning within the PWS genetic
subtypes is differentiated by people with mUPD subtype
showing significantly increased likelihood of impaired
social functioning compared to those with DEL and more
similar functioning to people with an ASD. These findings
are both consistent with previous research on autistic
symptomatology in PWS and add new information on the
specific types of social behavior that are most likely to be
impaired across and within the PWS subtypes. Further-
more, this research contributes to the mounting evidence
that the 15q11-13 region is implicated in autism suscep-
tibility and specifies the importance of this region to social
functioning regardless of repetitive and ritualistic behavior.
Based on our findings, overexpression of the maternally
inherited genes in this region is associated with increased
risk of impairment in social functioning. However, given
our findings of significant social impairment in those with
the DEL subtype and other work indicating Angelman
syndrome’s maternal deletions of 15q11-13 are at
increased risk of a comorbid ASD diagnosis (Sahoo et al.,
2006), the genetic susceptibility is far from straightfor-
ward. As the sample size is small, yet well characterized,
the results presented here indicate further examination of
the PWS social phenotype is warranted in order to further
inform how expression of genes in the 15q critical region
contribute to social functioning and autism susceptibility
and to direct targeted interventions regardless of age or
cognitive ability.

In terms of social responsiveness, the total score and
mean group domain scores for both DEL and mUPD fall
above the cutoff criterion for affected behavior across all
domains of social functioning. As would be expected based
on prior characterization of the PWS phenotype, the
highest group domain score for all groups (including ASD)
was the Autistic Mannerisms subscale. While the high
scores on the other domains are somewhat surprising,
recent research using the SRS in Williams syndrome (WS)
has yielded similar group means with the exception of
social motivation (Klein-Tasman et al. 2011). While this
indicates that these problems with social functioning may
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be associated with having a neurodevelopmental disorder,
but are not specific to PWS, there is evidence that indi-
viduals with WS show increased likelihood of exhibiting
autistic symptoms compared to a mixed-etiology group,
scoring similarly to individuals with PDD-NOS (Klein-
Tasman et al. 2009; Shapiro and Accardo 2010). In addi-
tion, there is genetic evidence linking autism to the 7q11.23
WS critical region (Sanders et al. 2011). We have also
shown that adults with PWS, WS, and ASD score similarly
on portions of the Developmental Behavior Checklist,
particularly with regard to preferring the company of adults
or young children and being easily led by others, although
social relating did distinguish the WS group from the
autism sample (Dimitropoulos et al. 2009). However,
regardless of whether these deficits in social functioning
are specific to PWS, problematic social behaviors are
present and span from being inflexible and avoidant, to
having difficulty recognizing social cues, communicating,
and understanding another’s perspective.

As predicted, genetic subgroups differ in their social
functioning. The DEL group is reported to have fewer
social responsivity problems than their mUPD peers across
all domains except Social Awareness. In fact, for many
individual items, endorsement rates are higher for mUPD
than the ASD sample. It is important to highlight that the
ASD sample in this study includes cognitively high-func-
tioning individuals in addition to those who have received
significant intervention throughout childhood and have
made significant gains in social and adaptive functioning. If
the ASD sample were comprised solely of individuals with
autistic disorder, we would predict that item endorsement
rates for mUPD would be the same or lower than the
autism sample. Based on these findings, we expect that
people with PWS are more likely to have subtle deficits
across social and communication domains of functioning
that would indicate more similarities to the broader spec-
trum of autistic disorders. This is evidenced in this dataset
among both PWS groups in the low frequency items, such
as ‘talks to people in an unusual tone of voice’ and ‘is
emotionally distant’. While the mUPD group includes
some participants who report these behaviors, it is clear
that these are not significant issues for the DEL participants
in this sample. Items most frequently endorsed for mUPD
included: difficulty with routine changes, preservative
thoughts, and thinking/talking about the same thing
repeatedly; all of which have been previously shown to be
associated with PWS (see recent review: Dykens et al.
2011). However, behaviors that may be considered more
social, such as ‘difficulty playing with children his/her age’
and ‘not knowing when he/she is too close or invading
someone’s space’ were also endorsed by over 80 % of
participants with mUPD and over 60 % of the DEL sample.
Given the more pressing issues associated with
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hyperphagia and compulsivity in this population, it is
reasonable to argue that these more subtle behaviors may
be overshadowed. It is important to note that IQ negatively
correlates with domains of social responsiveness for par-
ticipants with DEL, indicating that those who have higher
1Q are less likely to have difficulties with social respon-
siveness. This relationship does not exist in this sample for
the ASD sample, as we would expect based on the diag-
nostic criteria for ASD, nor does it for the mUPD group,
with the exception of the Autistic Mannerisms domain in
the opposite direction (higher IQ—more difficulty with
SRS-Mann). This is interesting as it may indicate the dif-
ference between deficits in social functioning correspond-
ing with cognitive impairment, and those that are present
regardless of intelligence as typically seen in the ASD
population.

Findings on social competence differed slightly from the
SRS data. Groups did not differ on social initiative; all
group mean scores were below the validation sample’s
rejected group mean score. The DEL group performed
significantly better than the ASD group on prosocial
behavior, with a group mean within range of the validation
sample’s average group, but did not differ significantly
from the mUPD group. No behaviors were endorsed as
problematic for the majority (>60 %) of the DEL group.
Behaviors that were most frequently reported for the
mUPD group focused primarily on difficulties with social
initiative and conflict resolution. Age was not related to
social competence for any group, and neither was IQ, with
the exception of a trend between IQ and prosocial behavior
for the DEL group. These findings are consistent with
previous research on social competence in PWS, where age
was found to be a positive correlate of social competence
for WS and Down syndrome but not for PWS (Rosner et al.
2004).

With regard to overall adaptive behavior and social
functioning as measured by the VABS, both PWS groups
showed moderately strong correlations between social
responsivity and adaptive functioning. The same was true
for prosocial orientation and both the VABS Composite
and Social domain. Social Initiative did not correlate sig-
nificantly with overall adaptive functioning for any group
and only the DEL group showed a significant correlation
with the VABS social domain. VABS Composite and
Social scores were not correlated with any social measures
for the ASD group. Although somewhat surprising, these
findings are supported by previous literature that suggests
that there is a weak relationship between autistic symp-
tomatology and adaptive behavior (Kanne et al. 2011; Klin
et al. 2007). Some have found that the SRS has been shown
to correlate with the VABS domains with low to moderate
effect sizes (Bolte et al. 2008). This difference in relation
to adaptive functioning between the PWS groups and the
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ASD group may further support that there are distinct
differences between the core social deficits in ASD and
general social functioning.

While results from this study indicate further examina-
tion of the social phenotype in PWS is warranted, there are
several notable limitations to this work. First, the small
sample size may lead to spurious findings and increases the
chance of both Type I and II errors. While a larger sample
size is needed to support these findings, all participants
were evaluated in person as part of a larger project, which
made recruiting such a rare population more difficult than
using mailing survey methodology. However, this method
allowed us to assess cognitive ability and adaptive func-
tioning and discuss participant behavior with the parent/
caregiver present for the assessment. Second, supplemental
genetic subtype confirmation was not available for ten
participants with PWS whose parents reported their genetic
status. Ideally, documentation on genetic analyses and
results performed would confirm group classification but
offsite parents did not provide this documentation.
Although it is possible that one or more of these partici-
pants reported the incorrect genetic subtype or has PWS
due to a methylation abnormality, given the rarity of
translocations and imprinting center mutations in PWS
(<5 %) and our recruitment criteria (specifically for DEL
and mUPD), it is unlikely that we have included any of
these individuals, however, these findings should be
interpreted with a note of caution. Budget and logistical
constraints precluded obtaining blood or saliva samples
and performing genetic analyses as an alternative means of
obtaining this data. However, the addition of the partici-
pants with parent-report of genetic status did not alter the
group results for either the DEL or the mUPD groups. For
participants with DEL, we should also note that the size of
the deletion was unknown and thus differences by type 1
[breakpoint(BP)3-BP1] vs. type 2 [BP3-BP2] deletion
subtype could not be examined despite past evidence of
phenotypic differences with respect to deletion class
(Butler et al. 2004; Hartley et al. 2005). Further charac-
terization of social functioning by deletion class in PWS is
warranted given the findings of differential prevalence of
ASD symptoms by deletion type in Angelman syndrome
(Sahoo et al. 2006). It should also be noted that while all
participants in the ASD sample also completed the ADOS
and ADI-R as part of a larger project, some participants
with PWS did not receive the ADOS and/or ADI-R in our
offsite data collection, therefore ADOS and ADI-R find-
ings are not reported here. Although the SRS has been
shown to correlate strongly with diagnostic measures in
ASD samples, correlations between the SRS and diagnostic
measures have not yet been investigated in PWS and
warrant further study. Thus, as with all parent report
measures, additional respondents (i.e., teachers) and direct

clinical observation are needed to further characterize the
social phenotype.

We have shown here that individuals with PWS evi-
dence significant difficulties with social functioning. These
difficulties may affect functioning above and beyond the
eating and compulsivity issues prevalent in this population.
Children and adults with mUPD subtype of PWS are at
increased risk of social impairment similar to those with
autism spectrum disorders. Further characterization of
social behavior in PWS, irrespective of autism diagnosis, is
necessary to aid in advancing the understanding of the
contributions of genes in the 15q11-13 critical region to
ASD susceptibility, particularly with respect to the over-
expression of maternally expressed genes in this region,
as well as aiding in awareness and development/imple-
mentation of interventions. Moreover, these findings
strongly suggest social intervention is necessary regardless
of age or cognitive functioning of the child with PWS.

Acknowledgments We would like to extend our sincerest gratitude
to all our research participants and their families for their time and
support of this research. Thanks also to members of the Neurode-
velopmental Research Lab and to Maria Lemler specifically for her
expert assistance with this project. This work was supported by a
grant from the Prader-Willi Syndrome Association (USA).

References

Battaglia, A. (2005). The inv dup (15) or idic (15) syndrome: A
clinically recognisable neurogenetic disorder. Brain and Devel-
opment, 27(5), 365-369.

Bolte, S., Poustka, F., & Constantino, J. N. (2008). Assessing autistic
traits: Cross-cultural validation of the social responsiveness scale
(SRS). Autism Research : Official Journal of the International
Society for Autism Research, 1(6), 354-363. doi:10.1002/aur.49.

Bolton, P. F., Dennis, N. R., Browne, C. E., Thomas, N. S., Veltman,
M. W., Thompson, R. J., et al. (2001). The phenotypic
manifestations of interstitial duplications of proximal 15q with
special reference to the autistic spectrum disorders. American
Journal of Medical Genetics, 105(8), 675-685.

Butler, M. G., Bittel, D. C., Kibiryeva, N., Talebizadeh, Z., &
Thompson, T. (2004). Behavioral differences among subjects
with Prader-Willi syndrome and type I or type II deletion and
maternal disomy. Pediatrics, 113(3), 565-573.

Cassidy, S. B. (1984). Prader-Willi syndrome. Current Problems in
Pediatrics, 14(1), 1-55.

Cassidy, S. B., Dykens, E., & Williams, C. A. (2000). Prader-Willi
and Angelman syndromes: Sister imprinted disorders. American
Journal of Medical Genetics, 97(2), 136-146.

Clarke, D. J., Boer, H., Chung, M. C., Sturmey, P., & Webb, T.
(1996). Maladaptive behaviour in Prader-Willi syndrome in
adult life. Journal of Intellectual Disability Research: JIDR,
40(Pt 2), 159-165.

Constantino, J. N., Davis, S. A., Todd, R. D., Schindler, M. K., Gross,
M. M., Brophy, S. L., et al. (2003). Validation of a brief
quantitative measure of autistic traits: Comparison of the social
responsiveness scale with the autism diagnostic interview-
revised. Journal of Autism and Developmental Disorders,
33(4), 427-433.

@ Springer


http://dx.doi.org/10.1002/aur.49

112

J Autism Dev Disord (2013) 43:103-113

Constantino, J. N., & Gruber, C. P. (2005). Social responsiveness
scale. Los Angeles: Western psychological services.

Constantino, J. N., & Todd, R. D. (2005). Intergenerational
transmission of subthreshold autistic traits in the general
population. Biological Psychiatry, 57(6), 655-660. doi:10.1016/
j-biopsych.2004.12.014.

Cook, E. H., Jr, Lindgren, V., Leventhal, B. L., Courchesne, R.,
Lincoln, A., Shulman, C., et al. (1997). Autism or atypical
autism in maternally but not paternally derived proximal 15q
duplication. American Journal of Human Genetics, 60(4),
928-934.

Descheemaeker, M. J., Govers, V., Vermeulen, P., & Fryns, J. P.
(2006). Pervasive developmental disorders in Prader-Willi
syndrome: The Leuven experience in 59 subjects and controls.
American Journal of Medical Genetics. Part A, 140(11),
1136-1142. doi:10.1002/ajmg.a.31235.

Dimitropoulos, A., Blackford, J., Walden, T., & Thompson, T.
(2006). Compulsive behavior in Prader-Willi syndrome: Exam-
ining severity in early childhood. Research in Developmental
Disabilities, 27(2), 190-202.

Dimitropoulos, A., Ho, A. Y., Klaiman, C., Koenig, K., & Schultz, R.
T. (2009). A comparison of behavioral and emotional charac-
teristics in children with autism, Prader-Willi syndrome, and
Williams syndrome. Journal of Mental Health Research in
Intellectual Disabilities, 2, 220-243.

Dimitropoulos, A., & Schultz, R. T. (2007). Autistic-like symptom-
atology in Prader-Willi syndrome: A review of recent findings.
Current Psychiatry Reports, 9(2), 159-164.

Dykens, E. M., & Cassidy, S. B. (1995). Correlates of maladaptive
behavior in children and adults with Prader-Willi syndrome.
American Journal of Medical Genetics, 60(6), 546-549. doi:
10.1002/ajmg.1320600612.

Dykens, E. M., Cassidy, S. B., & King, B. H. (1999). Maladaptive
behavior differences in Prader-Willi syndrome due to paternal
deletion versus maternal uniparental disomy. American Journal
of Mental Retardation: AJMR, 104(1), 67-77.

Dykens, E. M., Leckman, J. F., & Cassidy, S. B. (1996). Obsessions and
compulsions in Prader-Willi syndrome. Journal of Child Psychol-
ogy and Psychiatry and Allied Disciplines, 37(8), 995-1002.

Dykens, E. M., Lee, E., & Roof, E. (2011). Prader-Willi syndrome and
autism spectrum disorders: An evolving story. Journal of Neuro-
developmental Disorders. doi:10.1007/s11689-011-9092-5.

Dykens, E. M., & Roof, E. (2008). Behavior in Prader-Willi
syndrome: Relationship to genetic subtypes and age. Journal
of Child Psychology and Psychiatry and Allied Disciplines,
49(9), 1001-1008. doi:10.1111/j.1469-7610.2008.01913.x.

Greaves, N., Prince, E., Evans, D. W., & Charman, T. (2006).
Repetitive and ritualistic behaviour in children with Prader-Willi
syndrome and children with autism. Journal of Intellectual
Disability Research: JIDR, 50(Pt 2), 92-100. doi:10.1111/.
1365-2788.2005.00726.x.

Hartley, S. L., MacLean, W. E., Jr, Butler, M. G., Zarcone, J., &
Thompson, T. (2005). Maladaptive behaviors and risk factors
among the genetic subtypes of Prader-Willi syndrome. American
Journal of Medical Genetics Part A, 136(2), 140-145.

Ho, A. Y., & Dimitropoulos, A. (2010). Clinical management of
behavioral characteristics of Prader-Willi syndrome. Neuropsy-
chiatric Disease and Treatment, 6, 107-118.

Kanne, S. M., Gerber, A. J., Quirmbach, L. M., Sparrow, S. S.,
Cicchetti, D. V., & Saulnier, C. A. (2011). The role of adaptive
behavior in autism spectrum disorders: Implications for func-
tional outcome. Journal of Autism and Developmental Disor-
ders, 41(8), 1007-1018. doi:10.1007/s10803-010-1126-4.

Kishore, S. & Stamm, S. (2006). The snoRNA HBII-52 regulates
alternative splicing of the serotonin receptor 2C. Science, 311,
230-232. doi:10.1126/science. 1118265

@ Springer

Klein-Tasman, B. P., Li-Barber, K. T., & Magargee, E. T. (2011).
Honing in on the social phenotype in Williams syndrome using
multiple measures and multiple raters. Journal of Autism and
Developmental Disorders, 41(3), 341-351. doi:10.1007/s10803-
010-1060-5.

Klein-Tasman, B. P., Phillips, K. D., Lord, C., Mervis, C. B., & Gallo,
F. J. (2009). Overlap with the autism spectrum in young children
with Williams syndrome. Journal of Developmental and Behav-
ioral Pediatrics: JDBP, 30(4), 289-299. doi:10.1097/DBP.
0b013e3181ad1{9a.

Klin, A. (2000). Attributing social meaning to ambiguous visual
stimuli in higher-functioning autism and Asperger syndrome:
The social attribution task. Journal of Child Psychology and
Psychiatry and Allied Disciplines, 41(7), 831-846.

Klin, A., Saulnier, C. A., Sparrow, S. S., Cicchetti, D. V., Volkmar, F.
R., & Lord, C. (2007). Social and communication abilities and
disabilities in higher functioning individuals with autism spec-
trum disorders: The Vineland and the ADOS. Journal of Autism
and Developmental Disorders, 37(4), 748-759. doi:10.1007/
$10803-006-0229-4.

Koenig, K., Klin, A., & Schultz, R. (2004). Deficits in social
attribution ability in Prader-Willi syndrome. Journal of Autism
and Developmental Disorders, 34(5), 573-582.

Ledbetter, D. H., Riccardi, V. M., Airhart, S. D., Strobel, R. J.,
Keenan, B. S., & Crawford, J. D. (1981). Deletions of
chromosome 15 as a cause of the Prader-Willi syndrome. The
New England Journal of Medicine, 304(6), 325-329. doi:
10.1056/NEIM198102053040604.

Lord, C., Rutter, M., DiLavore, P., & Risi, S. (1999). Autism
diagnostic observation schedule (ADOS) manual. Los Angeles,
CA: Western Psychological Services.

Meyer, J. A., Mundy, P. C., Van Hecke, A. V., & Durocher, J. S.
(2006). Social attribution processes and comorbid psychiatric
symptoms in children with Asperger syndrome. Autism, 10(4),
383-402.

Milner, K. M., Craig, E. E., Thompson, R. J., Veltman, M. W,
Thomas, N. S., Roberts, S., et al. (2005). Prader-Willi syndrome:
Intellectual abilities and behavioural features by genetic subtype.
Journal of Child Psychology and Psychiatry and Allied Disci-
plines, 46(10), 1089-1096. doi:10.1111/j.1469-7610.2005.
01520.x.

Nicholls, R. D., Knoll, J. H., Butler, M. G., Karam, S., & Lalande, M.
(1989). Genetic imprinting suggested by maternal heterodisomy
in nondeletion Prader-Willi syndrome. Nature, 342(6247),
281-285. doi:10.1038/342281a0.

Reddy, L. A., & Pfeiffer, S. 1. (2007). Behavioral and emotional
symptoms of children and adolescents with Prader-Willi syn-
drome. Journal of Autism and Developmental Disorders, 37(5),
830-839. doi:10.1007/s10803-006-0210-2.

Reiersen, A. M., Constantino, J. N., Grimmer, M., Martin, N. G., &
Todd, R. D. (2008). Evidence for shared genetic influences on
self-reported ADHD and autistic symptoms in young adult
Australian twins. Twin Research and Human Genetics: The
Official Journal of the International Society for Twin Studies,
11(6), 579-585. doi:10.1375/twin.11.6.579.

Roof, E., Stone, W., MacLean, W., Feurer, 1. D., Thompson, T., &
Butler, M. G. (2000). Intellectual characteristics of Prader-Willi
syndrome: Comparison of genetic subtypes. Journal of Intellec-
tual Disability Research: JIDR, 44(Pt 1), 25-30.

Rosner, B. A., Hodapp, R. M., Fidler, D. J., Sagun, J. N., & Dykens,
E. M. (2004). Social competence in persons with Prader-Willi,
Williams, and Down’s syndromes. Journal of Applied Research
in Intellectual Disabilities, 17, 209-217.

Rutter, M., LeCouteur, A., & Lord, C. (2003). Autism diagnostic
interview-revised (ADI-R) manual. Los Angeles, CA: Western
Psychological Services.


http://dx.doi.org/10.1016/j.biopsych.2004.12.014
http://dx.doi.org/10.1016/j.biopsych.2004.12.014
http://dx.doi.org/10.1002/ajmg.a.31235
http://dx.doi.org/10.1002/ajmg.1320600612
http://dx.doi.org/10.1007/s11689-011-9092-5
http://dx.doi.org/10.1111/j.1469-7610.2008.01913.x
http://dx.doi.org/10.1111/j.1365-2788.2005.00726.x
http://dx.doi.org/10.1111/j.1365-2788.2005.00726.x
http://dx.doi.org/10.1007/s10803-010-1126-4
http://dx.doi.org/10.1126/science.1118265
http://dx.doi.org/10.1007/s10803-010-1060-5
http://dx.doi.org/10.1007/s10803-010-1060-5
http://dx.doi.org/10.1097/DBP.0b013e3181ad1f9a
http://dx.doi.org/10.1097/DBP.0b013e3181ad1f9a
http://dx.doi.org/10.1007/s10803-006-0229-4
http://dx.doi.org/10.1007/s10803-006-0229-4
http://dx.doi.org/10.1056/NEJM198102053040604
http://dx.doi.org/10.1111/j.1469-7610.2005.01520.x
http://dx.doi.org/10.1111/j.1469-7610.2005.01520.x
http://dx.doi.org/10.1038/342281a0
http://dx.doi.org/10.1007/s10803-006-0210-2
http://dx.doi.org/10.1375/twin.11.6.579

J Autism Dev Disord (2013) 43:103-113

113

Rydell, A. M., Hagekull, B., & Bohlin, G. (1997). Measurement of
two social competence aspects in middle childhood. Develop-
mental Psychology, 33(5), 824-833.

Sahoo, T., Peters, S. U., Madduri, N. S., Glaze, D. G., German, J. R.,
Bird, L. M., et al. (2006). Microarray based comparative
genomic hybridization testing in deletion bearing patients with
Angelman syndrome: Genotype-phenotype correlations. Journal
of Medical Genetics, 43(6), 512.

Sanders, S. J., Ercan-Sencicek, A. G., Hus, V., Luo, R., Murtha, M.
T., Moreno-De-Luca, D., et al. (2011). Multiple recurrent de
novo CNVs, including duplications of the 7q11.23 Williams
syndrome region, are strongly associated with autism. Neuron,
70(5), 863-885. doi:10.1016/j.neuron.2011.05.002.

Schanen, N. C. (2006). Epigenetics of autism spectrum disorders.
Human Molecular Genetics, 15 Spec No 2, R138-50. doi:
10.1093/hmg/ddI213.

Shapiro, B. K., & Accardo, P. J. (Eds.). (2010). Neurogenetic
syndromes: Behavioral issues and their treatment. Baltimore:
Paul H. Brookes.

Sparrow, S. S., Cicchetti, D. V., & Balla, D. (2005). Vineland
adaptive behavior scales (2nd ed.). Minneapolis, MN: Pearson
Assessment.

Stein, D. J., Keating, J., Zar, H.J., & Hollander, E. (1994). A survey of the
phenomenology and pharmacotherapy of compulsive and impul-
sive-aggressive symptoms in Prader-Willi syndrome. The Journal
of Neuropsychiatry and Clinical Neurosciences, 6(1), 23-29.

Symons, F. J., Butler, M. G., Sanders, M. D., Feurer, I. D., &
Thompson, T. (1999). Self-injurious behavior and Prader-Willi

syndrome: Behavioral forms and body locations. American
Journal of Mental Retardation: AJMR, 104(3), 260-269.

van Lieshout, C. F., de Meyer, R. E., Curfs, L. M., Koot, H. M., &
Fryns, J. P. (1998). Problem behaviors and personality of
children and adolescents with Prader-Willi syndrome. Journal of
Pediatric Psychology, 23(2), 111-120.

Verhoeven, W. M., & Tuinier, S. (2006). Prader-Willi syndrome:
Atypical psychoses and motor dysfunctions. International
Review of Neurobiology, 72, 119-130. doi:10.1016/S0074-7742
(05)72007-9.

Vorstman, J. A., Staal, W. G., van Daalen, E., van Engeland, H.,
Hochstenbach, P. F., & Franke, L. (2006). Identification of novel
autism candidate regions through analysis of reported cytoge-
netic abnormalities associated with autism. Molecular Psychia-
try, 11(1), 18-28. doi:10.1038/sj.mp.4001757.

Wechsler, D. (1997). Wechsler Adult Intelligence Scale (WAIS—3®)
(3rd ed.). San Antonio, TX: Harcourt assessment.

Wechsler, D. (1999). Wechsler abbreviated scale of intelligence
(WASI). San Antonio, TX: Harcourt Assessment.

Wechsler, D. (2003). Wechsler intelligence scale for children (WISC-
IV®) (4th ed.). San Antonio, TX: Harcourt Assessment.

White, S., Keonig, K., & Scahill, L. (2007). Social skills development
in children with autism spectrum disorders: A review of the
intervention research. Journal of Autism and Developmental
Disorders, 37(10), 1858—-1868.

White, S. W., & Roberson-Nay, R. (2009). Anxiety, social deficits,
and loneliness in youth with autism spectrum disorders. Journal
of Autism and Developmental Disorders, 39(7), 1006-1013.

@ Springer


http://dx.doi.org/10.1016/j.neuron.2011.05.002
http://dx.doi.org/10.1093/hmg/ddl213
http://dx.doi.org/10.1016/S0074-7742(05)72007-9
http://dx.doi.org/10.1016/S0074-7742(05)72007-9
http://dx.doi.org/10.1038/sj.mp.4001757

	Social Responsiveness and Competence in Prader-Willi Syndrome: Direct Comparison to Autism Spectrum Disorder
	Abstract
	Introduction
	Methods
	Participants
	Measures
	Vineland Adaptive Behavior Scale, Second Edition---Vineland-II (VABS; Sparrow et al. 2005)
	Social Responsiveness Scale (SRS; Constantino and Gruber 2005)
	Social Competence Inventory (SCI; Rydell et al. 1997)


	Results
	The Social Responsiveness Scale
	The Social Competence Inventory (SCI)
	Comparisons of SRS, SCI, and Adaptive Behavior Ratings

	Discussion
	Acknowledgments
	References


