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Abstract
Velo-cardio-facial syndrome (VCFS; 22q11.2 deletion syndrome) results from a genetic mutation
that increases risk for Autism Spectrum Disorder (ASD). We compared Theory of Mind (ToM)
skills in 63 individuals with VCFS (25% with an ASD diagnosis) and 43 typically-developing
controls, and investigated the relationship of ToM to reciprocal social behavior. We administered
a video-based task to assess mentalizing at two sites (UCLA and SUNY Upstate Medical
University). The videos depicted interactions representing complex mental states (ToM condition),
or simple movements (Random condition). Verbal descriptions of the videos were rated for
Intentionality (i.e., mentalizing) and Appropriateness. Using Repeated Measures ANOVA, we
assessed the effects of VCFS and ASD on Intentionality and Appropriateness, and the relationship
of mentalizing to Social Responsiveness Scale (SRS) scores. Results indicated that individuals
with VCFS overall had lower Intentionality and Appropriateness scores than controls for ToM, but
not for Random scenes. In the SUNY sample, individuals with VCFS, both with and without ASD,
performed more poorly than controls on the ToM condition; however, in the UCLA sample, only
individuals with VCFS without ASD performed significantly worse than controls on the ToM
condition. Controlling for site and age, performance on the ToM condition was significantly
correlated with SRS scores. Individuals with VCFS, regardless of an ASD diagnosis, showed
impairments in the spontaneous attribution of mental states to abstract visual stimuli, which may
underlie real-life problems with social interactions. A better understanding of the social deficits in
VCFS is essential for the development of targeted behavioral interventions.
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Social cognition, the ability to understand others’ intentions, emotions, and perspectives, is
considered a fundamental aspect of human interaction. Deficits in this ability are a hallmark
feature of several psychological disorders, including Autism Spectrum Disorders (ASD) and
schizophrenia. Velo-cardio-facial syndrome (VCFS), also known as 22q11.2 deletion
syndrome or DiGeorge syndrome, is a neurogenetic syndrome that is one of the highest
known risk factors for both of these complex neuropsychiatric illnesses (Green, et al., 2009).
Approximately 30% of individuals with VCFS develop schizophrenia in adolescence or
young adulthood (Green et al., 2009; Murphy, 2002) and Autism Spectrum Disorder (ASD)
is diagnosed in 14–50% of children with the deletion (Antshel et al., 2007; Fine et al., 2005;
Kates et al., 2007; Vorstman et al., 2006).

VCFS results from a hemizygous deletion at the 22q11.2 locus, and is the most commonly
known, contiguous gene deletion syndrome occurring in approximately 1 out of every
2,000–7,000 births (Shprintzen, 2005). Most cases of VCFS occur as de novo mutations,
although about 10% of cases are familial (McDonald-McGinn et al., 2001). The phenotype
is highly variable, but common characteristics include cardiac defects, immune deficiency,
palatal anomalies, and neurocognitive deficits (Bearden et al., 2001; McDonald-McGinn et
al., 2001; Swillen et al., 2005).

The phenotype of VCFS has considerable overlap with the phenotype of behaviorally
defined ASD (Kates et al., 2007). Specifically, significant social impairment characterizes
both VCFS (Kiley-Brabeck & Sobin, 2006; Kobrynski & Sullivan, 2007) and idiopathic
ASD (Landa, Holman, & Garrett-Mayer, 2007). It has long been hypothesized that deficits
in theory of mind (ToM), or the ability to attribute mental states to the self and others, may
underlie social impairments observed in ASD (Baron-Cohen, Leslie, & Frith, 1985).
Individuals with ASD consistently demonstrate impairments in ToM as compared to healthy
controls (Castelli, Frith, Happé, & Frith, 2002; Premack & Woodruff, 1978). However, the
remarkable heterogeneity of ASD – at both the phenotypic and genetic level – has posed a
challenge for identifying consistent, biologically informative endophenotypes associated
with the illness. As such, the study of a genetic subtype, such as VCFS, can serve as an ideal
model for elucidating gene-brain-behavior relationships.

Previous studies have reported ToM deficits in individuals with this disorder (Campbell et
al., 2009; Chow, Watson, Young, & Bassett, 2006; Niklasson, Rasmussen, Óskarsdóttir, &
Gillberg, 2002). However, these studies have either lacked typically developing comparison
groups (Campbell et al., 2009; Campbell et al., 2002), or focused on differences between
adults with VCFS, with and without schizophrenia (Chow et al., 2006). Recently, Campbell
et al. (2011) expanded upon these findings by examining both social-perceptual and social-
cognitive aspects of ToM. They found that children and adolescents with VCFS showed
impairments in social-perceptual aspects of ToM, as measured by face processing, relative
to sibling controls. However, using false belief paradigms, they found that social-cognitive
ToM deficits were present only in the younger participants with VCFS, and only for more
advanced, second-order false belief tasks. Given that older children with VCFS did not show
impairments on these tasks, the authors suggested that these findings could reflect delayed
development of the social-cognitive aspects of ToM in youth with VCFS, rather than a
deficit. However, interpretation of this pattern of findings is challenging, given that false-
belief tasks are grammatically complex, and rely heavily on both working memory and
language competence. Additionally, this study did not examine how ToM deficits related to
phenotypic variability (i.e. ASD diagnosis) within the syndrome. Thus, examining these
issues using a task that assesses implicit aspects of mentalizing may help to better
characterize ToM deficits in individuals with VCFS.
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Here, we employed the Animations Task (Abell, Happé, & Frith, 2000; Castelli, Happé,
Frith, & Frith, 2000) as a measure of ToM in children and adolescents with VCFS, their
unaffected siblings, and healthy controls, in order to examine the relationship between ToM
skills, social functioning, and ASD diagnosis in VCFS. The Animations task consists of
silent video clips depicting triangles that simulate human interactions (“ToM” condition) or
triangles that simply move around the screen and serve as a control (“Random”) condition
(Abell et al., 2000; Castelli et al., 2000). The Animations Task is a unique measure of ToM
that is ideally suited for study in neurodevelopmental disorders because: 1) the stimuli are
devoid of social meaning, and thus may provide a more accurate measure of spontaneous
mental state attributions; and 2) the task does not rely heavily on verbal comprehension
skills or working memory, and thus is less dependent on general cognitive abilities.

The present study, which was conducted at two academic medical center sites, addresses the
following primary research questions: 1) Do individuals with VCFS show impairments in
ToM when compared with healthy controls?; 2) Is there differential impairment in
individuals with VCFS who have an ASD diagnosis?; and 3) Is ToM related to real-world
social functioning? Given previous literature indicating social and theory of mind deficits
associated with idiopathic schizophrenia and ASD, and the elevated risk for these disorders
associated with VCFS, we predicted that: 1) the VCFS group – particularly those with an
ASD diagnosis – would show selective impairment on the ToM task relative to healthy
controls (but would not differ from controls for the Random condition); and 2) within
children and adolescents with VCFS, ToM abilities would be associated with real-world
social functioning.

Methods
Participants

UCLA—Individuals (age range: 6–25 years, Table 2) with a confirmed microdeletion at the
22q11.2 locus were recruited through various cardiology, pediatrics, and genetics clinics in
Southern California, and via the Velo-cardio-facial Syndrome Educational Foundation
website. Age-matched healthy controls were recruited from local schools and screened for
Axis I psychiatric disorders using the Structured Clinical Interview for DSM-IV (First,
Spitzer, & Williams, 1997) and/or Computerized Diagnostic Interview Schedule for
Children (CDISC; Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000). Controls were
excluded if they had a parent or sibling with a diagnosed psychotic disorder or if they met
criteria for a major mental illness (i.e., psychotic disorder, current mood or anxiety
disorder), neurological disorder, substance abuse/dependence, intellectual disability, head
injury, and/or serious medical illness.

SUNY—Individuals with VCFS (age range: 14–22 years) had a confirmed microdeletion at
the 22q11.2 locus, and were part of a longitudinal study of VCFS (Antshel et al., 2006;
Antshel et al., 2010). Age-matched healthy siblings served as controls. Exclusion criteria
(for both individuals with VCFS and controls) were: identifiable neurological conditions
such as traumatic brain injury, seizure disorder, and/or birth weight below 2,500 gm (as
reported by parent). Controls were also excluded if they met criteria for a major mental
illness or intellectual disability. Initial screening for intellectual disability and/or mental
illness was conducted over the phone by asking if the child was in regular classrooms at
school, and whether parents had any concerns about emotional or behavioral problems. If
the answer was negative to both questions, the controls were scheduled to participate in the
study, and underwent the same IQ testing and structured psychiatric interviews (K-SADS-
PL) that were conducted on participants with VCFS.
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The studies at both sites were approved by the Institutional Review Boards at the University
of California, Los Angeles (UCLA) and at SUNY Upstate Medical University (which will
be referred to as “SUNY” throughout the manuscript), respectively, and all participants and/
or their parents/legal guardians gave informed consent in accordance with the human subject
research protocol.

Measures
Given that this collaborative study between UCLA and SUNY Upstate was not initially
planned as a multi-site study, there were minor differences between the two sites with
regards to the assessment of autism spectrum disorders, cognitive assessment, and
administration of the Animations Task, which we detail below. Importantly, it should be
noted that the identical version of the Animations Task was administered at both sites, with
slight variations in verbal instructions provided to participants. Due to these cross-site
differences, we sought to directly investigate and statistically control for these differences in
our analyses.

Autism/ASD Measures
UCLA: Diagnoses of autism and/or ASD were determined using the Autism Diagnostic
Observation Schedule (ADOS; Lord et al., 2000) administered to the child, and the Autism
Diagnostic Interview-Revised (ADI-R; Lord, Rutter, & Le Couteur, 1994), administered to
the subject’s parent/primary caretaker. Participants were classified as having ASD, based on
the ADI-R, if scores were above threshold for the Reciprocal Social Interaction domain, as
well as either Communication Impairment or Repetitive Behaviors and Stereotyped Patterns
(see Antshel et al., 2007; Antshel et al., 2006; Kaufmann et al., 2004). Scores from the
ADOS and ADI-R were used to determine a consensus diagnosis of ASD. In a small number
of cases (~10%), the ADI-R and ADOS results were not consistent. When these
classifications disagreed, the ADI-R and ADOS assessors discussed the case and came up
with a consensus diagnosis, based on all available information. Additionally, six subjects in
the VCFS group were over the age of 18. Adult subjects participated in a partially
overlapping clinical research protocol, which did not include an evaluation by the UCLA
Autism Phenotyping Core. As a result, autism spectrum diagnoses for these individuals were
made based on DSM-IV diagnostic criteria for autism spectrum disorder, as assessed by
SCID interview with an additional developmental disorders module (First, Spitzer, &
Williams 2009) with both the patient and their parent, and all available medical records.
Individuals who did not meet the diagnostic threshold for Autistic Disorder but who met
criteria for impairment in social interaction and restricted interests/stereotyped behavior
without a history of significant language delay were given a diagnosis of Asperger’s
syndrome; otherwise they received a diagnosis of PDD-NOS.

SUNY: Diagnoses of autism and/or ASD were made using the ADI-R, which was
administered by a licensed clinician trained in the reliable administration of the instrument
to the participant’s parent at SUNY Upstate Medical University, or over the phone.
Following the criteria used in prior studies, a diagnosis of autism was assigned if a subject
met the empirically established cut-off scores on all three domains of the ADI-R (Antshel et
al., 2007; Kates et al., 2007; Kaufmann et al., 2004). A diagnosis of ASD was based on the
same ADI-R scoring criteria used at UCLA, and in our prior studies (e.g., Antshel et al.,
2007; Antshel et al., 2006; Kates et al., 2007).

Cognitive Assessment—At UCLA, Full Scale IQ (FSIQ) estimates were derived from
the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) Vocabulary and
Matrix Reasoning subtests, administered by a Master’s-level clinician (supervised by CEB).
At SUNY, the Wechsler Intelligence Scale for Children— Third Edition (WISC-III;
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Wechsler & Corporation, 1991) was administered by a licensed psychologist to participants
under 17 years of age, and the Wechsler Adult Intelligence Scale(WAIS-III; Kaufman &
Lichtenberger, 1999) to subjects 17 years of age or older.

Reciprocal Social Behavior—Both sites assessed real-world social behavior using the
Social Responsiveness Scale (SRS; Constantino & Todd, 2005) a well-validated parent-
report questionnaire designed to measure social impairments traditionally linked to ASD. A
higher score indicates greater reciprocal social behavior impairment.

Animations Task
UCLA: The Animations Task was administered using the guidelines from (Castelli et al.,
2002). Using SuperLab stimulus presentation software, eight 34–45 second video clips were
shown to participants, with each depicting two triangles moving around on a white screen.
Subjects were told that they were going to watch a series of animations, after which they
were to describe what happened in each clip. No time limit was imposed and administrators
provided no feedback on responses. Two sample clips were shown at the beginning for
practice.

Participants were then shown four ToM and four Random video clips in randomized order.
The ToM condition entailed triangles performing a scripted interaction of: coaxing,
seducing, mocking, or surprising. These scripts involved complex mental states that were
not directly observable, as well as interactions at a mental level. The Random condition clips
depicted the triangles moving about without any purpose or interaction: moving around as
billiards, stars, tennis, or drifting.

SUNY: Participants were shown the same eight video clips used at UCLA as well as four
additional videos representing “goal-directed” motion (data not included in the current
analysis, as this condition was not administered in the UCLA cohort) in randomized order,
and 3 practice clips (Abell et al., 2000; Castelli et al., 2002). Task instructions were based on
the guidelines outlined by Abell et al. (2000). Participants were told that they would see
triangles that move around the screen. Prior to each cartoon, the interviewer explained the
roles that the triangles would play. For the ToM videos, these included “mother and child”
(for the coaxing video), “grandmother and grandson” (surprising); “prisoner and guard”
(seducing); and “teacher and boy” (mocking). For the Random videos, participants were told
that the triangles will be “just triangles”. Participants were then asked the same question
after every video clip: “What happened in the cartoon?” If the participant’s response was
difficult to interpret based on scoring guidelines from Abell et al. (2000), the interviewer
used probes to clarify the participant’s response. At both sites, responses were recorded with
a digital recorder and later transcribed for coding.

Coding: Verbal responses from both sites were coded by two independent raters from
UCLA, who were blind to diagnostic status, following the scoring system developed by
Castelli et al. (2000). Responses received a score for Appropriateness and Intentionality. The
Appropriateness score reflects how accurately the responses described the events in the
animation; this score ranged from 0–3, with a 0 indicating poorer performance. Additionally,
each response received a score for Intentionality, which reflects the degree to which
purposeful movements, interactions, and mental states are described. This was primarily
based on scoring verbs. Verbs that conveyed mental states and interactions received higher
scores than verbs that did not. This score ranged from 0–5, with a 5 indicating the highest
level of Intentionality (Table 1). Intentionality scores were independent of whether or not
the verbs accurately described the events in the animation (e.g., a transcript could potentially
receive a high Intentionality score, but a low Appropriateness score). Inter-rater reliability
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was calculated using intra-class correlations on a random subset of participants (25%;
UCLA: n=15; SUNY: n=12), revealing very high consistency between raters (ICC = 0.83–
0.98).

Statistical Analyses
All statistical analyses were performed using SPSS software (SPSS Inc. Chicago, Illinois).
We compared baseline demographic characteristics between the two groups using
independent samples t-tests for continuous variables and chi-squared tests for categorical
variables. For the primary analyses, group differences on Animations Task performance
were evaluated using 2 (Group: VCFS vs. Controls) × 2 (Condition: ToM vs. Random) × 2
(Site: UCLA vs. SUNY) repeated measures ANOVAs (RMANOVAs) to assess the two
dependent variables, i.e., Intentionality and Appropriateness. Because the age distributions
differed across sites (Table 1), we conducted secondary analyses in which residualized
scores were obtained for Intentionality and Appropriateness scores by removing the effects
of age, and the RMANOVA models described above were re-run with the age-adjusted
dependent variables. IQ was not included in the model because, as a variable that differed by
2 standard deviations or more between the groups, it is considered a group-defining variable
(Campbell et al., 2011); thus, we chose to examine the effects of IQ within each group using
correlational analyses. Moreover, IQ did not differ between sites for individuals with VCFS
or for controls.

To identify whether the performance of individuals with VCFS and a diagnosis of ASD
(VCFS+ASD) significantly differed from individuals with VCFS without an ASD diagnosis
(VCFS−ASD), we also employed a 2 (Condition: ToM vs. Random) × 3 (Group: VCFS
+ASD vs. VCFS–ASD vs. controls) RMANOVA. The VCFS+ASD group included
participants with VCFS and a diagnosis of either Autistic Disorder, or ASD (based on ADI-
R criteria described above), which included individuals with Asperger’s Syndrome and
Pervasive Developmental Disorder-NOS (PDD-NOS). Because of site differences in how
the ASD diagnosis was made, separate RMANOVAs were conducted for each site.
Accordingly, we did not use age-adjusted scores in these analyses, because age did not differ
between groups within each site. The effects of age on task performance within each site
were also evaluated using correlational analyses.

For all RMANOVAs, interactions were followed up with independent samples t-tests. The
p-values from these analyses were corrected for multiple comparisons, using false discovery
rate (FDR) correction (Benjamini & Hochberg, 1995) in the program R (http://www.r-
project.org/).

To assess the relationship between performance on the Animations Task and real-life social
behavior in individuals with VCFS, we conducted partial Pearson correlations between the
Intentionality and Appropriateness scores (for both conditions) and SRS T-scores,
controlling for site and age.

Results
Participant Characteristics

As shown in Table 2, individuals with VCFS and controls at both sites did not significantly
differ in gender distribution or age (p>0.05); although, as expected, IQ was significantly
higher in controls (p<0.001). Additionally, there were no differences in gender or IQ
between individuals with VCFS across the two sites, but the UCLA sample was significantly
younger, on average, than the SUNY sample (p<0.01). At UCLA, of the 10 participants
meeting criteria for an autism spectrum disorder diagnosis, 3 of these subjects (30%) met
criteria for Autistic Disorder, and 7 (70%) met criteria for a broader autism spectrum
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diagnosis (Asperger’s or PDD-NOS). At SUNY, of the 6 participants meeting criteria for an
autism spectrum disorder diagnosis, 2 (33%) met criteria for Autistic Disorder, and 4 (67%)
met criteria for an autism spectrum diagnosis. ADI-R profile and ADOS scores are shown in
Figure 1.

Overall Group Differences (VCFS vs. Controls)
Intentionality—Results of main effects and interactions for all analyses are presented in
Table 3, and descriptive statistics are shown in Figure 2. For the ToM condition,
Intentionality scores were significantly higher in the SUNY sample relative to the UCLA
sample (UCLA < SUNY: VCFS, pFDR<0.001; controls, pFDR< 0.001), but scores did not
differ across site for the Random Condition. Within each site, individuals with VCFS
significantly differed from controls on the ToM condition (VCFS < Controls: UCLA, pFDR<
0.05; SUNY, pFDR< 0.001), but did not differ on the Random Condition, as depicted in
Figure 2. After adjusting for the effects of age, VCFS and control groups at the SUNY site
continued to differ on the ToM, but not Random, Condition, but group differences no longer
reached statistical significance at the UCLA site.

Appropriateness—Across groups, SUNY’s scores on Appropriateness were significantly
higher than UCLA’s for the ToM (VCFS, pFDR< 0.001; controls, pFDR< 0.001), but not the
Random, Condition (see Table 3 and Figure 2b). Moreover, within each site, individuals
with VCFS had significantly lower Appropriateness scores than controls on the ToM
condition (VCFS < Controls: UCLA, pFDR< 0.05; SUNY, pFDR< 0.001), but did not differ
on the Random Condition, again resulting in a significant Condition × Group interaction
(Table 3). After adjusting for the effects of age, differences in Appropriateness between the
VCFS and control group remained significant for the ToM Condition at both sites.

Effect of ASD Diagnosis on Animations Task Performance (VCFS+ASD vs. VCFS−ASD vs.
Controls)

Intentionality—The main effects, interactions, and descriptives are shown in Table 4 and
Figure 3. Notably, we found a significant Condition × Group interaction for Intentionality
scores for both sites (Table 4). Post-hoc analyses revealed that at the SUNY site, controls
had significantly higher Intentionality ratings in the ToM condition than individuals with
VCFS both with and without ASD (VCFS−ASD<Controls, pFDR< 0.001; VCFS
+ASD<Controls, pFDR< 0.001), but the groups did not significantly differ from each other in
the Random condition. No significant differences were found in ToM Intentionality scores
between VCFS+ASD vs. VCFS−ASD in the SUNY sample. Similarly, for the UCLA site,
post-hoc tests revealed that controls performed better than the VCFS−ASD group for the
ToM condition (pFDR< 0.05), but there were no significant between-group differences for
the Random condition. There were no significant differences in ToM Intentionality scores
between the VCFS+ASD group vs. the other two groups (VCFS−ASD, controls).

Appropriateness—As shown in Table 4 and Figure 3, the SUNY sample demonstrated a
significant Condition × Group interaction effect, such that controls had higher
Appropriateness scores than both individuals with VCFS, with and without ASD, on the
ToM, but not Random, condition (VCFS+ASD<Controls: pFDR<0.001; VCFS
−ASD<Controls: pFDR=0.001). In the UCLA sample, controls significantly outperformed
only VCFS−ASD and not VCFS+ASD in the ToM condition (VCFS+ASD<Controls:
pFDR=0.26; VCFS−ASD<Controls: pFDR=0.015). No significant differences were found in
Appropriateness scores for ToM condition between VCFS+ASD vs. VCFS−ASD at both
sites. Finally, there were no group differences in the UCLA cohort for the Random
condition.
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Relationship between Task Performance and Reciprocal Social Behavior—
After adjusting for age and site effects, participants with VCFS showed significant negative
correlations between SRS scores and Intentionality (r=−0.283, p<0.05) and Appropriateness
(r=−0.314, p<0.05) ratings for the ToM, but not Random, condition. In other words, lower
mentalizing ability and less appropriate responses on ToM scenes in the Animations Task
were associated with higher (i.e., more impaired) SRS scores, but task performance on
Random scenes was not associated with SRS score.

Relationship between Task Performance, Age and IQ—In the UCLA sample,
healthy controls showed significant correlations between age and ToM Appropriateness
(r=0.533; p=0.002); Random Appropriateness (r=0.371; p=0.043); and Random
Intentionality (r=−0.436; p=0.016) scores, which were not observed in the VCFS group (see
Figure 4). In the SUNY sample, which had a narrower age range, no significant correlations
between age and task performance were observed in either the VCFS or control group.

Within the SUNY VCFS group, there were significant correlations between FSIQ and
Intentionality scores on the ToM condition (r=0.511, p<0.01) and Appropriateness scores on
both conditions (ToM: r=0.463, p<0.01; Random: r=0.453, p<0.01), but there were no
significant correlations between FSIQ and any of the Animations Task measures for the
UCLA VCFS sample (all p-values >0.25).

Discussion
To our knowledge, this is the first study to use ambiguous, abstract visual stimuli to assess
ToM abilities in individuals with VCFS. We administered the Animations Task, which
consists of a series of silent videos depicting the interactions of triangles (including vignettes
of purposeful, mentalizing interactions and ‘random’ scenes), to individuals with VCFS and
age-matched controls at two different academic medical centers. Consistent with our
hypotheses, we found that, in comparison to controls, individuals with VCFS showed
significant impairments in the ToM (mentalizing) condition, in both the ability to explain
purposeful behavior (Intentionality) and to accurately describe the events going on in the
scene (Appropriateness). We also predicted that individuals with VCFS who have a
diagnosis of ASD would perform worse than individuals with VCFS who do not have ASD;
however, we found that regardless of ASD diagnosis, participants with VCFS were
significantly impaired in ToM performance. Additionally, when controlling for age and site
effects, we found that lower scores on Intentionality and Appropriateness in the ToM
condition were related to greater real-world social impairment (as measured by the SRS) in
individuals with VCFS.

These findings extend the burgeoning literature on deficits in ToM and other aspects of
social cognition in VCFS. Consistent with results reported by both Chow et al. (2006) and
Campbell et al. (2011) using other paradigms, we found that individuals with VCFS
displayed significant impairments in ToM compared with healthy controls. Unlike many
ToM tasks that require subjects to make logical inferences about the mental states of others
(i.e., ‘explicit’ mentalizing), performance on the Animations task used in the current study
depends on spontaneous mental state attribution, or ‘implicit’ mentalizing (Frith, 2004). Our
findings add to the existing literature as they indicate that: 1) implicit mentalizing is also
deficient in VCFS; and 2) that such deficits are significantly associated with real-world
social behavior.

Deficits in ToM skills may be attributable, in part, to neuroanatomic anomalies that have
been reported in both VCFS and idiopathic ASD that are critically involved in ToM
functions. The role of the temporo-parietal junction, basal temporal region (including the
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fusiform gyrus and temporal poles), and the medial prefrontal cortex has been described in
ToM (for review, see Adolphs, 2009), including a study of brain activation while viewing
Animations videos (Castelli et al., 2000). Castelli et al. (2002) also reported decreased
activations for ToM videos in individuals with idiopathic ASD (as compared to controls) in
these three brain regions, along with decreased functional connectivity between the
extrastriate cortex and the temporo-parietal junction. Notably, several of these brain regions
have been previously shown to have structural and functional deficits in VCFS (Bearden et
al., 2009; Eliez, Schmitt, White, & Reiss, 2000; Kates et al., 2001). Thus, it is possible that
deficits in these regions, and/or disruptions in connectivity, may underlie the ToM deficits
that we observed in individuals with VCFS. Accordingly, future studies should investigate
the underlying neural correlates of ToM deficits in individuals with VCFS.

Contrary to our hypotheses, individuals with VCFS and a diagnosis of ASD did not show
differential ToM impairment. This pattern of findings suggests that ToM deficits are part of
the VCFS phenotype, and that persons with VCFS will show deficits in ToM regardless of
whether or not they meet categorical diagnostic criteria for ASD. This interpretation is
consistent with our findings of a linear relationship between Intentionality and
Appropriateness ratings for the ToM condition and SRS scores within the VCFS group;
moreover, it supports the notion of a dimensional relationship between deficits in ToM, as
measured by the Animations task, and social behavior. Thus, ASD traits may be more
broadly characteristic of individuals with VCFS (Kates et al, 2007), and better assessed by a
dimensional scale such as the SRS. We cannot rule out that the current study was under-
powered to detect a categorical effect of ASD diagnosis; thus, future studies with larger
sample sizes are important for further characterizing ToM deficits in individuals with VCFS
who have an ASD diagnosis vs. those without ASD.

Although previous studies of ToM performance using the Animations Task in healthy
individuals and youths with VCFS have found that older individuals exhibit greater
mentalizing skills than younger participants (Campbell et al., 2006; Castelli et al., 2002), the
effect of age on task performance in our study is less consistent. Campbell and colleagues
(2011), who examined a sample of youth with VCFS ranging in age from 6 to 16.75 years,
observed ToM differences between subjects with VCFS and controls in younger children
only, leading them to conclude that ToM was delayed, rather than deficient, in youth with
VCFS. However, in contrast to our Animations task, the false-belief tasks used in that study
were heavily dependent on both working memory and language competence, which likely
played a role in the observed age relationships. Intriguingly, we observed that age was
significantly correlated with task performance in typically developing controls at the UCLA
site, but not in individuals with VCFS at either site. While prospective longitudinal studies
are needed to validate this cross-sectional finding, these results suggest the possibility of an
abnormal trajectory of ToM development in children and adolescents with VCFS.

We further observed that both Intentionality and Appropriateness scores were significantly
higher across both conditions for participants at the SUNY site relative to the UCLA site.
Interestingly, the two sites had separate task administration instructions, which may have, in
part, accounted for these performance differences. At UCLA, examiners asked the
participants to describe what had just happened in the animation and did not provide
additional probes or feedback, according to the procedures described by Castelli et al.
(2002), whereas at SUNY, examiners both disclosed in advance the roles of the triangles,
and probed for clarifications once the participants responded, according to Abell et al.
(2000). Due to the age differences between sites, we performed additional, exploratory
analyses to confirm that site differences were in fact due to differences in verbal instructions
associated with task administration, independent of age. Using a subgroup of age-matched
subjects from the two sites (age range 14 to 22), we conducted a 2×2×2 repeated measures
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ANOVA for Intentionality and Appropriateness scores, with site, condition, and group as
independent variables. The results of these analyses were comparable to those of our
original analyses in which we statistically covaried for age, indicating that site differences
persist even after accounting for age differences. Specifically, they indicated that the Upstate
sample (both VCFS and controls) had significantly higher Intentionality and
Appropriateness scores on the ToM condition relative to the UCLA sample; but there was
no main effect of site for the Random condition. As seen in Figure 2, performance of
individuals with VCFS at SUNY was similar to performance of healthy control participants
at UCLA. Prior role designation may have, in part, increased both Intentionality and
Appropriateness scores by setting up expectations for the context and content of the
interaction. Abell et al. (2000) suggested that assigning roles in the ToM condition may
prime participants to use more mental state attributions. Moreover, clinical populations with
more variable ToM skills may be more prone to effects of specific task instructions.
Although speculative, the higher scores achieved by individuals with VCFS with more
structured task instructions suggest some possibilities for cognitive remediation; in
particular, ToM abilities may be improved when additional context is provided.

In addition, we did not observe a consistent relationship between task performance and IQ
across sites. It is possible that prior role assignment may account for the correlation that we
observed between FSIQ and ToM scores in the SUNY but not UCLA site. In particular,
participants with higher IQ might have had better understanding of the cues, and/or may
have been able to utilize the cues more effectively than participants with lower IQ. Further
studies are needed to examine more directly the effects of instructions on ToM performance
(particularly in populations with deficits in reciprocal social interaction) and to assess
whether providing contextual cues may be help remediate performance in individuals with
ToM deficits.

We hypothesized that there would be a relationship between performance on the Animations
Task and SRS scores. Interestingly, this has never been directly tested before, either in
individuals with VCFS or, to our knowledge, in persons with idiopathic ASD. In the VCFS
sample, the ability to spontaneously attribute mental states to ambiguous stimuli, as
measured by performance on the ToM condition of the Animations task, was significantly
associated with real-world social behavior, as measured by the SRS. More specifically,
worse performance on the ToM tasks was significantly correlated with greater social
impairment in the participants with VCFS. This suggests that implicit aspects of social
cognition are relevant to the observed social deficits that are so functionally debilitating for
individuals with VCFS (Feinstein & Singh, 2007). It is important to address the possibility
that the significant relationship reported between the ToM condition of the Animations task
and SRS may be due to overlapping items found on both measures. While the underlying
constructs captured by the ToM condition of the Animations task and some SRS items may
overlap, the measures used to obtain the data are quite distinct (e.g., blind rater judgments of
Intentionality and Appropriateness, based on study participants’ audio-taped responses to
experimental probes, as compared to parent ratings of real-world social behavior). From a
theoretical perspective, we would expect impaired parent reported social functioning to be
consistent with poorer performance on the attribution of Intentionality and its level of
Appropriateness. The key issue is whether or not the two measures are correlated simply
because they are measuring the same construct. We can evaluate this using the magnitude of
the reported correlations. The correlations that we observed between the SRS subscales and
ToM condition Animations scores were in the range of r = .2 – .3. These correlations fell
below 0.8, which has been established in the field as the approximate cutoff point at which
measures are completely redundant. Thus, we can infer that the two measures are capturing
different constructs and that their relationship is not simply due to the fact that they share
ToM-related items. In fact, the correlations that we observed between the Animations Task
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and SRS can be regarded as support for convergent validity of the Animations Task as a
measure of social cognition. These findings highlight the importance of assessing
mechanisms underlying social problems in children with VCFS, in order to develop targeted
interventions.

Deficits in ToM are also a key component of the schizophrenia phenotype (Pinkham, Penn,
Perkins, & Lieberman, 2003) and a similar pattern of deficit has previously been reported in
patients with idiopathic schizophrenia, using this task (Horan et al., 2009). In light of the
fact that individuals with VCFS exhibit a phenotype involving symptoms of both ASD
(Kates et al., 2007) and psychosis (Vorstman et al., 2006; Baker & Skuse, 2005), future
research is warranted to establish whether or not autistic features ascribed in VCFS are
better characterized as symptoms relating to the premorbid or prodromal phase of
schizophrenia. Given the age range of participants in our study, we were only able to
examine this question in a subset of our sample by testing correlations between task
performance and the Brief Psychiatric Rating Scale (BPRS; Overall & Donald, 1962) and
Structured Interview for Prodromal Syndromes (SIPS/SOPS; McGlashan et al. 2001), as
well as the SRS . Results indicated that Intentionality and Appropriateness ratings for the
ToM condition of the Animations task were significantly correlated with measures of
reciprocal social behavior (i.e., SRS), but were not significantly associated with positive and
negative prodromal/psychotic symptoms, at least in this subset of our overall sample. It may
be that early ToM deficits may predict subsequent development of psychotic symptoms in
individuals with VCFS, a possibility we plan to explore in subsequent longitudinal studies.

In conclusion, our results indicate impairments in the spontaneous attribution of mental
states to abstract visual stimuli in individuals with VCFS, which may underlie real-life
problems with social interactions. Because the VCFS endophenotype shares deficits and
problems observed in more genetically heterogeneous clinical groups, these findings suggest
that the spontaneous attribution of mental states may also impact real-world social
functioning in a broader range of psychiatric disorders, e.g., ASD and schizophrenia.
Moreover, as our study suggested that mentalizing deficits associated with VCFS may be
remediated with contextual verbal information, there may be implications for its usefulness
in persons with ASD and schizophrenia. Accordingly, our results could inform the extant
literature on social – cognitive remediation in ASD (Abdi & Sharma, 2004; Frankel et al.,
2010) and schizophrenia (Horan et al., 2011; Wölwer & Frommann, 2011)as well as form a
basis for investigating the effectiveness of social cognitive interventions in individuals with
autism.
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Figure 1.
ADI-R and ADOS score profiles for VCFS patients at UCLA and SUNY. Blue represents
UCLA and red represents SUNY. ADI-R Module A= Qualitative Abnormalities in
Reciprocal Social Interaction; ADI-R Module B = Qualitative Abnormalities in
Communication; ADI-R Module C = Restricted, Repetitive, and Stereotyped Patterns of
Behavior. Dotted lines represent thresholds for autism criteria in each of the domains. For
the ADI-R: Social Interaction = 10; Communication = 8; Stereotypes = 3. For the ADOS:
ASD = 7; Autism = 9.
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Figure 2.
(A): Intentionality scores on ToM and Random conditions, for UCLA and SUNY. Black
represents individuals with VCFS and light grey represents controls. Across groups,
performance in the ToM condition was significantly better at SUNY in comparison to
UCLA. At both sites, in comparison to individuals with VCFS, controls had significantly
higher performance in the ToM condition, but did not differ on the Random Condition.
Significance levels are indicated as follows: *** pFDR<0.001; ** pFDR<0.01; * pFDR<0.05.
Raw scores, rather than age adjusted scores, are presented for visualization purposes. (B)
Appropriateness scores on ToM and Random conditions, for UCLA and SUNY. A similar
pattern of results was observed for both the Appropriateness and Intentionality ratings
(Figure 2A).
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Figure 3.
(A) Intentionality and (B) Appropriateness for UCLA (left panel) and SUNY (right panel).
The shading represents the groups as follows: VCFS+ASD=black; VCFS−ASD=dark grey;
controls=light grey. Significance levels are marked as follows: *** pFDR<0.001; **
pFDR<0.01; * pFDR<0.05.

Ho et al. Page 17

Autism Res. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 4.
Relationship between Age and ToM Appropriateness for UCLA. Note that there is a
significant correlation between age and ToM appropriateness scores for the controls but
NOT for the individuals with VCFS.
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Table 1

Explanation of Intentionality Scores

Score Explanation of Score Example

0 Verbs that convey no purposeful action or mental state attribution “bouncing around”

1 Verbs that convey purposeful action but no interaction between agents and no mental states “walking”

2 Verbs that convey purposeful action with interaction between agents, but no mental states “fighting”

3 Verbs that convey goal-directed intentions without reciprocal interaction between agents “trying”

4 Verbs that attribute mental states involving reciprocal interactions between agents at a mental state level “mad at each other”

5 Verbs that convey that one agent is intentionally affecting or manipulating the other agent’s mental
state

“tricking the other triangle”

Autism Res. Author manuscript; available in PMC 2013 December 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Ho et al. Page 20

Ta
bl

e 
2

D
em

og
ra

ph
ic

s

V
ar

ia
bl

e
U

C
L

A
SU

N
Y

U
C

L
A

 v
s.

SU
N

Y
U

C
L

A
 v

s.
SU

N
Y

V
C

F
S

C
on

tr
ol

s
P

-v
al

ue
V

C
F

S
Si

bl
in

gs
P

-v
al

ue
P

-v
al

ue
P

-v
al

ue

Fe
m

al
e 

G
en

de
r 

(N
, %

)
11

 (
38

%
)

18
 (

60
%

)
0.

09
20

 (
59

%
)

6 
(4

6%
)

0.
44

0.
09

8
0.

40

A
ge

, i
n 

ye
ar

s 
(S

D
)

13
.7

 (
5.

5)
14

.4
 (

5.
6)

0.
62

17
.1

 (
1.

9)
17

.7
 (

1.
7)

0.
33

<
0.

01
<

0.
01

FS
IQ

 (
SD

)
80

.5
 (

13
.7

)
11

3.
3 

(2
1.

3)
<

0.
00

1
74

.5
 (

13
.2

)
10

9.
8 

(1
6.

9)
<

0.
00

1
0.

08
3

0.
61

SR
S 

T
ot

al
 T

-S
co

re
 (

SD
)

66
.2

 (
14

.9
)

52
.0

 (
14

.7
)

<
0.

01
72

.2
 (

14
.9

)
42

.8
 (

6.
1)

<
0.

00
1

0.
11

7
<

0.
05

Autism Res. Author manuscript; available in PMC 2013 December 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Ho et al. Page 21

Ta
bl

e 
3

R
ep

ea
te

d-
 M

ea
su

re
s 

A
N

O
V

A
 r

es
ul

ts
 f

or
 I

nt
en

tio
na

lit
y 

an
d 

A
pp

ro
pr

ia
te

ne
ss

 r
at

in
gs

 (
R

aw
 S

co
re

s 
an

d 
A

ge
-a

dj
us

te
d 

re
si

du
al

s)
. F

ac
to

rs
 a

re
 C

on
di

tio
n

(T
oM

 v
s.

 R
an

do
m

),
 G

ro
up

 (
V

C
FS

 v
s.

 C
on

tr
ol

s)
, a

nd
 S

ite
 (

U
C

L
A

 v
s.

 S
U

N
Y

).

D
ep

en
de

nt
 V

ar
ia

bl
e

R
aw

 S
co

re
s

A
ge

 –
A

dj
us

te
d 

R
es

id
ua

ls

F
 (

df
)

p
ŋ2

F
 (

df
)

p
ŋ2

In
te

nt
io

na
lit

y

C
on

di
tio

n
45

0.
71

 (
1,

10
2)

<
0.

00
1

0.
81

5
1.

04
 (

1,
10

2)
0.

31
0

0.
01

0

G
ro

up
4.

14
 (

1,
10

2)
<

0.
05

0.
03

9
2.

98
 (

1,
10

2)
0.

08
7

0.
02

8

Si
te

5.
84

 (
1,

10
2)

<
0.

05
0.

05
4

0.
81

 (
1,

10
2)

0.
37

1
0.

00
8

Si
te

 ×
 C

on
di

tio
n

20
.3

9 
(1

,1
02

)
<

0.
00

1
0.

16
7

0.
98

 (
1,

10
2)

0.
32

4
0.

01
0

G
ro

up
 ×

 C
on

di
tio

n
13

.1
7 

(1
,1

02
)

<
0.

00
1

0.
11

4
5.

67
 (

1,
10

2)
<

0.
05

0.
05

3

G
ro

up
 ×

 S
ite

0.
32

 (
1,

10
2)

0.
57

4
0.

00
3

5.
81

 (
1,

10
2)

<
0.

05
0.

05
4

G
ro

up
 ×

 S
ite

 ×
 C

on
di

tio
n

0.
30

 (
1,

10
2)

0.
58

8
0.

00
3

4.
49

 (
1,

10
2)

<
0.

05
0.

04
2

A
pp

ro
pr

ia
te

ne
ss

C
on

di
tio

n
21

.2
8 

(1
,1

02
)

<
0.

00
1

0.
17

3
0.

79
 (

1,
10

2)
0.

37
7

0.
00

8

G
ro

up
12

.7
0 

(1
,1

02
)

<
0.

01
0.

11
1

13
.4

2(
1,

10
2)

<
0.

00
1

0.
11

6

Si
te

25
.3

9 
(1

,1
02

)
<

0.
00

1
0.

19
9

0.
71

 (
1,

10
2)

0.
40

1
0.

00
7

Si
te

 ×
 C

on
di

tio
n

25
.5

7 
(1

,1
02

)
<

0.
00

1
0.

20
0

0.
83

 (
1,

10
2)

0.
36

4
0.

00
8

G
ro

up
 ×

 C
on

di
tio

n
7.

56
 (

1,
10

2)
<

0.
01

0.
06

9
7.

68
 (

1,
10

2)
<

0.
01

0.
07

0

G
ro

up
 ×

 S
ite

0.
01

 (
1,

10
2)

0.
91

7
0.

00
0

0.
00

1 
(1

,1
02

)
0.

97
9

0.
00

0

G
ro

up
 ×

 S
ite

 ×
 C

on
di

tio
n

2.
38

 (
1,

10
2)

0.
12

6
0.

02
3

1.
58

 (
1,

10
2)

0.
21

2
0.

01
5

Autism Res. Author manuscript; available in PMC 2013 December 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Ho et al. Page 22

Ta
bl

e 
4

R
ep

ea
te

d-
 M

ea
su

re
s 

A
N

O
V

A
 r

es
ul

ts
 f

or
 I

nt
en

tio
na

lit
y 

an
d 

A
pp

ro
pr

ia
te

ne
ss

 r
at

in
gs

, a
na

ly
ze

d 
se

pa
ra

te
ly

 b
y 

si
te

. F
ac

to
rs

 a
re

 C
on

di
tio

n 
(T

oM
 v

s.
 R

an
do

m
)

an
d 

G
ro

up
 (

V
C

FS
+

A
SD

 v
s.

 V
C

FS
−

A
SD

 v
s.

 C
on

tr
ol

s)
.

Si
te

F
p

ŋ2

In
te

nt
io

na
lit

y

U
C

L
A

C
on

di
tio

n
12

6.
47

 (
1,

56
)

<
0.

00
1

0.
69

3

G
ro

up
0.

54
 (

2,
56

)
0.

58
5

0.
01

9

G
ro

up
 ×

 C
on

di
tio

n
3.

61
 (

2,
56

)
<

0.
05

0.
11

4

SU
N

Y

C
on

di
tio

n
24

6.
81

 (
1,

41
)

<
0.

00
1

0.
85

8

G
ro

up
3.

78
 (

2,
41

)
<

0.
05

0.
15

6

G
ro

up
 ×

 C
on

di
tio

n
3.

57
 (

2,
41

)
<

0.
05

0.
14

8

A
pp

ro
pr

ia
te

ne
ss

U
C

L
A

C
on

di
tio

n
50

.0
0 

(1
,5

6)
<

0.
00

1
0.

47
2

G
ro

up
4.

78
 (

2,
56

)
<

0.
05

0.
14

6

G
ro

up
 ×

 C
on

di
tio

n
0.

44
 (

2,
56

)
0.

64
6

0.
01

5

SU
N

Y

C
on

di
tio

n
1.

71
 (

1,
41

)
0.

19
9

0.
04

0

G
ro

up
2.

71
 (

2,
41

)
0.

07
8

0.
11

7

G
ro

up
 ×

 C
on

di
tio

n
4.

75
 (

2,
41

)
<

0.
05

0.
18

8

Autism Res. Author manuscript; available in PMC 2013 December 01.


