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Abstract
Background 22q11.2 deletion syndrome (22q11DS) is a common recurrent neurogenetic condition associated
with elevated risk for developmental neuropsychiatric disorders and intellectual disability. Children and adults with
22q11DS often exhibit marked social impairment as well as neurocognitive de�cits, and have elevated rates of
both autism spectrum disorder (ASD) and psychosis. However, the relationship between the basic processes of
social cognition and cognitive ability has not been well studied in 22q11DS. Here, we examined differences in
social cognition in 22q11DS, relative to multiple groups of idiopathic neuropsychiatric disorders, and typically
developing healthy controls (HC). Additionally, we examined differences in intellectual functioning and its
relationship to social cognitive abilities. Finally, we examined the relationship between social cognitive abilities
and real-world social behavior. Methods We examined social cognition and intellectual functioning in 306
participants (mean age = 16.63+/-4.59; % female = 44.8%): sixty-eight with 22q11DS, 49 youth with �rst episode
psychosis (FEP), 48 at clinical high-risk (CHR) for psychosis, 24 participants with ASD, and 117 HC. Social
cognition was assessed using The Awareness of Social Inference Test (TASIT), while reciprocal social behavior
was assessed via parent/caregiver ratings on the Social Responsiveness Scale (SRS). Participants were also
administered the Wechsler Abbreviated Scale of Intelligence, 2 nd edition (WASI-II) to assess intellectual
functioning. Results The 22q11DS group exhibited signi�cantly lower social cognitive abilities compared to all
other groups, even after controlling for intellectual functioning. Signi�cant positive correlations were found
between social cognition, as measured by the TASIT, and IQ across groups. In contrast, no signi�cant
relationships were found between TASIT and real-world social behavior (SRS) for any group. Conclusions Our
�ndings indicate social cognitive de�cits are more prominent in 22q11DS than idiopathic neuropsychiatric
conditions across the age range, even after adjusting for global intellectual function. These results contribute to
our understanding of the intellectual and social vulnerabilities of 22q11DS in comparison to idiopathic
neuropsychiatric disorders. Our �ndings of robust associations between intellectual ability and social cognition
emphasizes the importance of accounting for neurocognitive de�cits in social skills interventions and tailoring
these existing treatment models for 22q11DS and other populations with intellectual impairment.

Background
22q11.2 deletion syndrome (22q11DS; also known as DiGeorge or Velocardiofacial Syndrome) is caused by a
microdeletion of ~ 46 protein-coding genes on the long arm of chromosome 22 (1), and is the most common
recurrent contiguous gene deletion syndrome, estimated to occur in about 1 in 4000 live births (2). It typically
results from a de novo deletion, although 10% of cases are familial (3, 4). 22q11DS is associated with a range of
developmental anomalies (5). The most frequently associated medical comorbidities include congenital heart
defects, facial dysmorphology such as palatal defects, immunode�ciency, velopharyngeal insu�ciency, and
hypocalcemia (2, 6).

Individuals with 22q11DS often present with developmental delays, as well as broad cognitive impairment (6). In
most individuals with 22q11DS, Full Scale IQ falls within the borderline to low average range (M = 72.41, SD = ± 
13.72; 7). A range of associated cognitive de�cits have also been noted in individuals with 22q11DS, particularly
di�culties in working memory, attention, executive functioning, visuospatial processing, learning and memory,
arithmetic, and sensorimotor abilities (8–15). These cognitive impairments can often cascade into signi�cant
learning di�culties at school, as well as challenges with adaptive life skills including socio-emotional functioning.
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In recent years, several studies have characterized de�cits in social behavior and social cognition in individuals
with 22q11DS. Speci�cally, these studies have indicated that youth with 22q11DS have di�culties initiating and
maintaining social relationships (5, 16). In the laboratory, individuals with 22q11DS show impairments in
identifying facial displays of emotion and a tendency to demonstrate eye-gaze preferences for the mouth over the
eyes (9, 17, 18). Additionally, other studies found that individuals with 22q11DS were signi�cantly less accurate
than healthy controls in identifying or matching emotions (1, 9, 19), particularly when identifying fear, anger, and
disgust (9, 17). Furthermore, 22q11DS individuals have demonstrated poorer performance on theory of mind
(ToM) tasks wherein they were required to infer the beliefs, attitudes, and intentions of other people (19–21).
However, differences in non-social neurocognitive abilities, such as executive functioning, could in part account
for differences in social cognitive performance (5, 15). Prior studies have also found that impairments in both
social cognition and social skills are more pronounced in children and adolescents with 22q11DS than in children
with general developmental delays or idiopathic intellectual disability, as well as compared to other genetic
conditions such as Williams’ Syndrome (22–24).

In addition, 22q11DS is associated with increased incidence of developmental neuropsychiatric disorders across
the lifespan (25). Based on existing literature, rates of clinical diagnoses within the 22q11DS population are
estimated to be 25–50% for autism spectrum disorder (26–28), 30–40% for attention-de�cit hyperactivity disorder
(29), 20–35% for psychotic disorders, 30–40% for anxiety disorders, and 20–30% for mood disorders (30).
Conversely, about 0.3% of schizophrenia cases in the general population are estimated to carry a 22q11.2 deletion
(31).

All of the aforementioned co-morbid neuropsychiatric conditions are also characterized by social cognitive de�cits
(32). However, little is known about how these social impairments and broader neurocognitive pro�les are the
same or different for 22q11DS compared to idiopathic developmental neuropsychiatric disorders. One prior study
found poorer adaptive social skills in individuals with 22q11DS and psychotic symptoms, compared to 22q11DS
youth without psychosis (33). To the best of our knowledge, however, no published studies to date have
investigated differences in social cognition pro�les in individuals with idiopathic psychotic spectrum conditions
and ASD compared to 22q11DS. Thus, examining social cognition and its relationship to global intellectual
function and social behavior in a highly penetrant disorder such as 22q11DS, relative to idiopathic
neuropsychiatric disorders, can facilitate development of more targeted treatment options, and as a result,
improve overall quality of life for this group. Towards this aim, in the current study we sought to examine patterns
of social cognition de�cits in a large cohort of individuals with 22q11DS, relative to youth with a recent onset of
subclinical psychotic-like symptoms (i.e., a clinical high-risk (CHR) group), youth with �rst episode psychosis,
youth with ASD, and typically developing healthy controls. Speci�cally, we administered an audiovisual task of
social perception that examines one’s ability to interpret another person’s thoughts, intentions, and feelings (34,
35). A further goal was to examine differences in intellectual functioning among these groups, and its relationship
with social cognition performance. Finally, we assessed the relationship of social cognitive task performance to
parent/caregiver report of reciprocal social behavior across groups. We hypothesized that: (1) individuals with
22q11DS would have signi�cantly poorer social cognition task performance compared to all other clinical groups,
even after controlling for intellectual functioning; (2) social cognition would be associated with intellectual
abilities across all groups; and (3) social cognitive task performance across groups would be associated with
parent/caregiver report of ‘real world’ reciprocal social behavior.

Methods
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Participants

Our sample consisted of participants aged six to 35, enrolled in multiple research studies at the University of
California, Los Angeles (UCLA) that used parallel procedures to assess neurocognition and psychopathology. In
total, the current analysis includes 306 participants: 68 patients with 22q11.2 deletions (31 males, 37 females), 48
individuals at clinical high-risk (CHR) for psychosis (35 males, 13 females), 49 individuals with �rst-episode
psychosis (FEP; 27 males, 22 females), 24 individuals with ASD (20 males, 4 females), and 117 healthy controls
(HC; 56 males, 61 females; see Table 1). Written informed consent was obtained from all participants, and
additionally by parents/caregivers for participants under the age of 18, using procedures approved by the
Institutional Review Board at UCLA.

Patients with 22q11DS were recruited from an ongoing UCLA study, with all patients having a molecularly
con�rmed diagnosis of 22q11.2 deletion syndrome. CHR individuals were recruited from the UCLA Center for the
Assessment and Prevention of Prodromal States (CAPPS), a clinical research center that specializes in identifying
and treating prodromal adolescents and young adults at high risk for developing psychotic disorders (36-38). CHR
participants met criteria for one of three psychosis risk syndromes, as assessed by the Structured Interview for
Prodromal States (SIPS; 39), based on: (1) attenuated (sub-threshold) psychotic symptoms; (2) transient, recent-
onset psychotic symptoms; or (3) a substantial drop in social/role functioning in conjunction with Schizotypal
Personality Disorder diagnosis or presence of psychotic disorder in �rst-degree relative. FEP individuals were
recruited from the UCLA Adolescent Brain-Behavior Research Center (ABBRC). Inclusion criteria for FEP
participants involved a diagnosis of psychotic disorder (including schizophrenia, schizophreniform disorder,
schizoaffective disorder, and psychotic disorder not otherwise speci�ed), con�rmed using the Structured Clinical
Interview for DSM-IV Axis I diagnoses (SCID; 40) by trained study personnel. Individuals with ASD were recruited
from an ongoing research study at UCLA’s Center for Autism Research and Treatment (CART). Participants were
assessed for ASD symptomatology using the Autism Diagnostic Observation Schedule, 2nd edition (ADOS-2; (41)
by trained clinicians. Our ASD sample was heterogeneous, with no known underlying genetic conditions. HC were
recruited from each of these ongoing studies, with similar inclusion and exclusion criteria: speci�cally, HC
subjects could not have a personal or close family history of any major neurodevelopmental or psychiatric
disorder or intellectual disability (IQ<70). Additional exclusion criteria for all groups included signi�cant
neurological or medical conditions (not attributable to 22q11.2 deletion), and/or substance use disorder in the
past six months.

Cognitive Measures

The following assessments were administered to participants within each group across all studies. General
intellectual functioning was estimated using the Wechsler Abbreviated Scale of Intelligence, 2nd edition (WASI-II;
(42)). This included Full-Scale IQ (FSIQ), Verbal IQ (VIQ) estimated using the Vocabulary subtest, and Nonverbal IQ
(NVIQ) estimated using the Matrix Reasoning subtest. To assess social cognition, all participants were
administered The Awareness of Social Inference Test - Part 3 (TASIT; (34, 35)). The TASIT consisted of 16-
videotaped vignettes (each lasting between 15 to 60 seconds) of everyday social situations, assessing one’s
ability to draw inferences about the thoughts, intentions, beliefs, and feelings of others engaged in conversational
exchanges involving white lies or sarcasm. After viewing each vignette, participants were asked to answer four
types of yes or no questions addressing different aspects of communicative intentions of the characters. The �rst
question asked what one character in the scene was doing (Do), the second question asked what the character
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was trying to say to the other person (Say), the third question asked what the main character was thinking (Think),
and the fourth question asked what the main character was feeling (Feel). A TASIT total score was calculated for
each participant by adding their responses to each of the four questions per scene across all 16 vignettes, ranging
from 0-64. Additionally, parents/caregivers of 22q11DS, CHR, ASD, and HC participants were administered the
Social Responsiveness Scale-2nd Edition (SRS; (43) - a parent/caregiver rating scale of reciprocal social behavior
including subscales Social Awareness, Social Cognition, Social Communication, Social Motivation, and Restricted
Interests and Repetitive Behavior. Parents/caregivers of the FEP group were administered the original version of
the SRS (44), which included the following subscales: Receptive, Cognitive, Expressive, Motivational Aspects of
Social Behavior, and Autistic Preoccupations. Both versions of the SRS are 65-item questionnaires utilizing a 4-
point Likert scale (0 = not true, 1 = sometimes true, 2 = often true, 3 = almost always true), with a total T-score
computed across all domains. Both versions of the SRS are identical for ages 4 through 18, although the
subscales are labeled differently. There is also considerable overlap between the original SRS and the revised
Adult Form for ages 19 and over, despite some items that differ on the second edition (45).

Statistical Analysis

All statistical analyses were conducted using Statistical Package for the Social Sciences (SPSS) software v. 25
(Armonk, NY, USA). First, we compared demographic variables between groups using independent sample t-tests
for continuous variables such as age and socio-economic status (SES) indexed as mean parental education
years, and chi-square tests for categorical variables such as sex and race/ethnicity. Participants signi�cantly
differed on age, sex distribution, mean parental education, and race (Table 1); i.e., CHR participants were
signi�cantly older and had signi�cantly lower mean parental education than the other groups. There were also
proportionally fewer female participants in the ASD group relative to the other groups. Additionally, the 22q11DS
group had signi�cantly more participants who identi�ed as white/non-Hispanic, while the FEP group had
signi�cantly more participants who identi�ed as being of Hispanic origin compared to all other groups. The HC
group had more participants that identi�ed with other racial/ethnicity categories. Hence, these variables were
included as covariates in all subsequent group analyses. Second, one-way analysis of variances (ANOVAs) were
performed to examine between-group differences on total TASIT score. We followed up on signi�cant overall
differences by examining between-group differences in subdomain TASIT scores (Do, Say, Think, and Feel).
Following this, exploratory post-hoc analyses were conducted to elucidate directionality of group differences for
each signi�cant ANOVA. Third, we performed ANOVAs on the WASI-II scores to examine differences in FSIQ, VIQ,
and NVIQ between groups. We then performed an analysis of covariance (ANCOVA) to examine group differences
in TASIT total performance after controlling for FSIQ scores. To investigate the relationship between IQ and TASIT
performance, we conducted Pearson’s correlations between subscores on these measures. Next, as our 22q11DS
sample included individuals with comorbid diagnoses of ASD and psychosis, we conducted a follow-up analysis
of group differences in TASIT and IQ scores in diagnostic subgroups within our 22q11DS sample: 22q11DS with a
comorbid ASD diagnosis (N=26), 22q11DS with a comorbid psychosis diagnosis (N=3), 22q11DS with both
psychosis and ASD (N=6), and 22q11DS with no psychosis or ASD diagnosis (N=33; Table 4). Finally, we
examined between-group differences in parent-report of real-world social behavior, assessed via the total SRS
score, using one-way ANOVA, and examined the relationship between TASIT performance and SRS using
Spearman’s correlations, since the latter scores were not normally distributed. All ANOVAs and correlational
analyses described above were adjusted for multiple comparisons using Bonferroni correction. All signi�cance
values reported below are Bonferroni adjusted p-values.
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Results
Social Cognition Results

Results from the �rst one-way ANOVA revealed signi�cant group differences for total TASIT score [F (4, 300) =
48.207, p<.01]. Post-hoc pairwise comparisons revealed that all groups obtained signi�cantly higher total TASIT
scores compared to the 22q11DS group [22q11DS<CHR: (t(111) = -10.297, p<.01); 22q11DS<FEP: (t(110) = -6.752,
p<.01); 22q11DS<ASD: (t(89) = -5.263, p<.01); 22q11DS<HC: (t(179) = -13.484, p<.01)]. Additionally, both FEP and
ASD groups obtained signi�cantly lower total TASIT scores than the HC group (Figure 1A) [HC>FEP: (t(157) =
3.641, p<.01); HC>ASD: (t(136) = 3.542, p=.01)], whereas CHR youth did not differ from HC (p=.45, n.s.). Follow-up
one-way ANOVAs revealed that the 22q11DS group obtained signi�cantly lower scores across all four
subdomains of the TASIT compared to all other groups [Figures 1B-1E]. Additionally, the FEP group obtained
signi�cantly lower Do and Say scores than HCs (Figure 1B, 1C). The 22q11DS group obtained signi�cantly lower
Think scores than CHR, ASD, and HC groups, but did not differ from the FEP group, who in turn performed more
poorly than the HC group (Figure 1D). See Table 2 for means and standard deviations on TASIT total and
subscores for each group.

Intellectual Functioning (IQ) Results

Next, one-way ANOVAs of WASI-II FSIQ scores revealed a signi�cant overall main effect, indicating signi�cant
group differences in FSIQ [Figure 2; F (4, 298) = 64.550, p<.01]. Post-hoc tests revealed that 22q11DS individuals
obtained signi�cantly lower FSIQ scores compared to all other groups [Figure 2A], and the FEP group obtained
signi�cantly lower FSIQ scores than both CHR and HC groups, but did not signi�cantly differ from ASD (p=.08;
Figure 2A). Signi�cant group differences were also observed for VIQ [F (4, 298) = 59.384, p<.01], with 22q11DS
individuals obtaining signi�cantly lower VIQ scores compared to all other groups (Figure 2B). Additionally, the FEP
group obtained signi�cantly lower VIQ scores than both CHR and HC groups (p<.01 for both comparisons), but did
not differ from the ASD group (p=.50, n.s.). Similarly, 22q11DS individuals obtained signi�cantly lower NVIQ
scores than all other groups [F (4, 266) = 54.243, p<.01; Figure 2C]. Additionally, youth with FEP obtained
signi�cantly lower NVIQ scores than those with ASD (Figure 2C), but did not signi�cantly differ from HC (p=.06,
n.s.). See Table 3 for means and standard deviations of WASI-II IQ scores for each group.

Social Cognition Performance Controlling for IQ

A follow-up univariate ANCOVA revealed that signi�cant group differences in TASIT performance remained after
controlling for IQ [Figure 3; F (4, 287) = 58.007, p<.01]. Speci�cally, after controlling for FSIQ, 22q11DS
participants still had signi�cantly poorer performance on the TASIT (total score) relative to CHR, FEP, and HC, but
did not differ from ASD (p=.09, n.s.; Figure 3A). Additionally, controlling for FSIQ, ASD participants still had
signi�cantly lower TASIT total scores than HC (Figure 3A). Next, we wanted to determine whether controlling for
VIQ or NVIQ speci�cally impacted TASIT performance across groups. After controlling for VIQ, signi�cant group
differences in TASIT performance remained [F (4, 287) = 58.183, p<.01], with 22q11DS individuals obtaining
signi�cantly lower TASIT total scores than CHR, FEP, and HC groups, but did not differ from the ASD group (p=.45,
n.s.; Figure 3B). Additionally, signi�cant between-group differences in TASIT performance was also observed after
controlling for NVIQ [F (4, 255) = 47.359, p<.01], with 22q11DS individuals obtaining signi�cantly lower TASIT
total scores than CHR, FEP, and HC groups, but not compared to the ASD group (p=.09, n.s.). The ASD group also
obtained signi�cantly lower TASIT total scores than both CHR and HC groups, controlling for NVIQ (Figure 3C).
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Relationship between Social Cognition Performance and IQ

Pearson’s correlation results indicated positive relationships between TASIT total score and FSIQ as well as VIQ
for all groups, such that higher intellectual functioning was associated with better TASIT performance in each
group (Figure 4A, 4B). Lastly, we found signi�cant positive correlations between TASIT and NVIQ for all groups,
except ASD (Figure 4C).

22q11DS Subgroup Analyses

Within the 22q11DS sample, we found signi�cant differences in VIQ [F (3,63) = 4.422, p=.01], and relatedly FSIQ [F
(3,63) = 3.640, p=.02] as a function of psychiatric diagnosis, but not NVIQ (p=.19, n.s.). Speci�cally, 22q11DS
cases with both psychosis and ASD obtained signi�cantly lower VIQ (and FSIQ) than the 22q11DS group with no
comorbid diagnosis. Intellectual functioning (FSIQ, VIQ, and NVIQ) did not differ between 22q11DS cases with no
comorbid diagnoses compared to those with psychosis-only diagnoses, nor those with ASD-only diagnoses
(p>0.9, n.s., for all comparisons).

However, no signi�cant differences in TASIT score were observed as a function of ASD/psychosis comorbidity in
22q11DS [F (3, 64) = 1.468, p=.23]. See Table 4 for means and standard deviations on TASIT total and IQ scores
for each of the 22q11DS subgroups.

Reciprocal Social Behavior

Results from the one-way ANOVA revealed signi�cant group differences in SRS total score across groups [Figure
5A; F (4, 165) = 24.070, p<.01]; HC participants obtained signi�cantly lower SRS total scores compared to all other
groups, indicating more normative social behavior (p<.01, for all comparisons). While all clinical groups
(22q11DS, CHR, FEP, and ASD) obtained clinically elevated mean SRS total scores (Table 5), there were no
signi�cant differences between clinical groups. Lastly, we examined the relationship between TASIT performance
and real-world social behavior, as assessed via the SRS, for each group. However, no correlations between these
measures survived correction for multiple comparisons (Figure 5B).

Discussion
To the best of our knowledge, this is the �rst study to directly examine the relationship between basic processes of
social cognition, intellectual ability, and social behavior in individuals with 22q11DS compared to multiple
idiopathic neuropsychiatric disorders simultaneously. As anticipated, we found that individuals with 22q11DS
have more impaired social cognition than individuals with idiopathic psychiatric conditions. While social
cognition de�cits in 22q11DS have been well established (9, 20, 21, 46), our results further illustrate that these
de�cits are more prominent than those observed for idiopathic neuropsychiatric conditions across the age range,
even after adjusting for global intellectual function, suggesting that the social impairments present within this
syndrome are not wholly accounted for by broad de�cits in cognitive functioning. 22q11DS individuals both with
and without comorbid psychiatric conditions consistently scored lower across all subdomains of the TASIT,
highlighting their de�cits in understanding reciprocal social exchange, and picking up lies and sarcasm in tone of
voice, facial expression, and other visual or conversational cues. It is likely that haploinsu�ciency of genes within
the 22q11.2 locus and associated emotional and behavioral challenges (25) contribute to the observed
substantial social cognition de�cits in this population (46).
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Consistent with prior work (17, 47, 48), we also found that individuals with 22q11DS had lower overall intellectual
functioning across both verbal and nonverbal domains in comparison to heathy controls, as well as idiopathic
ASD. Our �ndings additionally indicate that 22q11DS patients are impaired on overall intellectual functioning
relative to idiopathic CHR and FEP. Regardless of the range of intellectual functioning, however, higher IQ was
associated with better social cognition performance across all groups.

Although 22q11DS participants consistently showed poorer social cognition relative to behaviorally de�ned
neuropsychiatric conditions and healthy controls, impairments were also present in youth with FEP (although this
effect was no longer signi�cant after controlling for IQ). This is in contrast to CHR youth, who did not show
de�cits in social cognition performance compared to HC. This �nding, albeit cross-sectional, suggests there may
be a decline in social cognition from prodrome to onset of overt psychotic symptoms. Prior studies have revealed
that adult patients with psychosis show signi�cant social cognitive de�cits, particularly in theory of mind and
social perception domains (49–52).

Here, we also found poorer social cognition performance in participants with ASD relative to HC participants,
consistent with the core social interaction de�cits characteristic of this group (53). However, social cognition task
performance did not differ between FEP and ASD groups. While some studies have similarly found comparable
social cognitive abilities in individuals with psychosis and ASD (54–56), others have found a trend towards poorer
performance on emotion recognition tasks in individuals with ASD compared to psychosis (55, 57). One study
found that while there were no group differences in overall social cognition performance between ASD and
psychosis, individuals with ASD showed signi�cant de�cits only on the social perception task (TASIT) compared
to healthy controls, while individuals with psychosis showed de�cits on both the social perception task (TASIT)
and the ToM task (anthropomorphic animations) compared to healthy controls (54). A meta-analytic review of
social cognition in ASD and psychosis concluded that both groups perform poorly on ToM tasks using
anthropomorphic animations, but with subtle differences: individuals with ASD performed more poorly than those
with psychosis on appropriate descriptions of these animations, whereas individuals with psychosis perform
more poorly than those with ASD on ascribing intentions to such animations (58). Inconsistencies in prior �ndings
have been posited to be due to the utilization of different social cognition tasks across studies (55, 58), which
also likely measure other aspects of social cognition compared to the task used in our current study. Only two
studies have examined social cognition performance in ASD and psychosis using the TASIT, with both �nding no
signi�cant differences between these clinical groups on TASIT performance consistent with our current �ndings
(54, 56). Hence, further studies utilizing multiple measures of social cognitive abilities are necessitated to fully
understand the nuances of social cognition differences between ASD and psychosis, as well as exploration of any
potential mediating factors such as language skills and executive functioning.

Youth with FEP also demonstrated de�cits in verbal IQ compared to both CHR and HC, and lower nonverbal IQ
compared to the ASD group. Considering that social cognition differences between FEP and controls were no
longer signi�cant after controlling for IQ, these �ndings may suggest that broader declines in general cognition in
the FEP group could in�uence their social cognitive abilities following the onset of psychosis. Interestingly, ASD
youth showed the strongest performance on nonverbal intellectual functioning compared to the other clinical
groups, suggesting speci�cally preserved cognitive strengths in this domain in ASD. Our results are consistent
with previous �ndings (59–61), wherein ASD individuals consistently performed better on untimed motor-free
nonverbal tasks (relative to tasks that were timed and/or had a motor component). In comparing patients with
(idiopathic) psychosis and ASD to healthy controls, Veddum et al. (2019) recently found that de�cits across
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multiple neurocognitive domains were more evident in those with psychosis, despite similar social impairments
between the two groups. Notably though, while we found signi�cant positive correlations between verbal skills
and social cognition performance in ASD youth, this relationship was not observed for nonverbal skills. Hence, it
appears that for the ASD group this particular strength in nonverbal functioning does not preclude severity of
social cognition de�cits.

Finally, parent/caregiver report of real-world social behavior revealed considerable variability across all clinical
groups, but were within a more concentrated range for the ASD group. On average, however, parent/caregiver
reports of social di�culties fell within the clinically elevated range across all patient groups. Despite this, we did
not �nd a signi�cant relationship between social cognition performance and real-world social behavior for any
clinical group, although the �ndings were trending in the expected direction across all groups. While numerous
studies have used ToM tasks and the SRS concurrently in order to broadly examine social outcomes in our
speci�ed clinical groups, few have directly assessed the relationship between the two types of measures (20, 62,
63). One study on 22q11DS found a signi�cant inverse association, indicating poorer performance on a ToM task
(anthropomorphic animations) was associated with higher SRS score (20). On the other hand, in line with our
�ndings, a prior study did not �nd a signi�cant association between TASIT performance and SRS in 22q11DS
(62). A recent study in ASD adolescents found that combined poor performance on several social cognition tasks
(ToM tasks, emotion-recognition tasks, and anthropomorphic animations) was collectively associated with
elevated SRS score (64). Some ASD studies have further found that parent/caregiver report of real-world social
behaviors are better measures of treatment-related changes in social outcomes than are social cognition tasks,
which suggests that these tasks may be measuring more nuanced social cognition skills such as ToM or
attribution of intentions compared to every-day reciprocal social behaviors assessed by the SRS (65, 66). Hence, it
is possible that the types of social concerns endorsed on the SRS (e.g., eye contact, odd behaviors, preference for
being alone, ritualistic behaviors) may not relate as closely as we originally hypothesized to the TASIT’s
measurement of nuanced social cognition skills such as lie and sarcasm detection.

In sum, our �ndings emphasize further need for assessment and interventions focused on improvement of social
perception and social functioning in individuals with 22q11DS. Due to the overt medical problems that require
urgent attention, intervention for social skills in 22q11DS is more frequently overlooked in 22q11DS. Van et al.
(2017) (67) reviewed previous cross-sectional as well as longitudinal studies assessing the early clinical signs in
22q11DS in predicting psychosis co-morbidity, and collectively found that poor social functioning was linked to
elevated negative and positive symptoms of psychosis. It may be bene�cial for individuals with 22q11DS to be
routinely referred by clinicians for social and cognitive skills training. Evidence from previous studies in idiopathic
psychosis (68) and ASD (69) suggests that psychosocial and social skills training show positive treatment effects
for both groups even 3–4 months post-treatment on average, suggesting good generalizability of social skills
treatment gains, and improved overall functioning and sense of well-being. Intervention models directed at
improving psychosocial function in individuals with 22q11DS have previously been proposed, with one pilot study
that found targeted training in the identi�cation of nonverbal social cues and perspective taking is associated
with signi�cant gains in social cognitive abilities in adolescents with 22q11DS (70). Adapting existing treatment
models from idiopathic ASD and psychosis to better suit the cognitive needs of individuals with 22q11DS could
improve social cognition, and thereby overall quality of life. We further suggest close monitoring and early social
skills intervention for individuals at risk for psychosis (whether genetically or behaviorally de�ned), before they
begin to experience the decline in functioning related to onset of psychotic symptoms. Our �ndings of an
association between intellectual ability and social functioning emphasizes the importance of accounting for
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neurocognitive de�cits in these social skills interventions and tailoring these existing treatment models for both
the 22q11DS and FEP populations. Our �ndings also suggest involving parents/caregivers more actively in social
skills intervention for these groups, as their reported concerns in this domain may be valuable information that is
not necessarily always captured by our existing assessments of social cognition.

Limitations And Conclusions
The main limitation of this study is that our data were collected cross-sectionally across different research
projects pertaining to each clinical population, and thus we were only able to compare those measures available
across all clinical groups (WASI-II, TASIT, SRS). Further research is needed to examine other aspects of
neurocognition that may in�uence social skills beyond broad intellectual abilities, as well as inclusion of more
comprehensive measures of social cognition. Additionally, SRS data were missing for several participants across
groups, which could have impacted the lack of association with TASIT performance in our study. Lastly, our ASD
sample was small (N = 24), as this is part of a newer ongoing study (K99MH113820; Author AN). Hence, �ndings
for the ASD group may be underpowered compared to the other groups.

In conclusion, our �ndings suggest that social impairments are associated with neurocognitive de�cits across all
clinical groups, but more pronounced in 22q11DS compared to idiopathic neuropsychiatric disorders. These
results contribute to the understanding of the intellectual and social vulnerabilities of 22q11DS in comparison to
idiopathic neuropsychiatric disorders. The inclusion of multiple comparison groups with these conditions was
essential to explore the speci�city of social cognition de�cits in 22q11DS. Social cognition de�cits – and their
relationship to intellectual functioning – are important factors in the clinical management of individuals with
22q11DS. Development of targeted interventions tailored to address social and intellectual di�culties experienced
by 22q11DS is crucial to preventing declines in overall functioning and improving quality of life.

Abbreviations
22q11DS
22q11.2 Deletion syndrome
CHR
Clinical high-risk
FEP
First-episode psychosis
ASD
Autism spectrum disorder
HC
Healthy controls
TASIT
The Awareness of Social Inference Test
SRS
Social Responsiveness Scale
IQ
Intellectual Functioning
WASI-II



Page 11/22

Wechsler Abbreviated Scale of Intelligence-Second Edition
ToM
Theory of mind
UCLA
University of California, Los Angeles
CAPPS
Center for the Assessment and Prevention of Prodromal States
SIPS
Structured Interview for Prodromal States
ABBRC
Adolescent Brain-Behavior Research Center
CART
Center for Autism Research and Treatment
ADOS-2
Autism Diagnostic Observation Schedule-Second Edition
FSIQ
Full-Scale IQ
VIQ
Verbal IQ
NVIQ
Nonverbal IQ
SPSS
Statistical Package for the Social Sciences
SES
Socio-economic status
ANOVAs
Analysis of variance
ANCOVA
Analysis of covariance

Declarations
Ethical approval and consent to participate: All data presented in this study were collected upon approval for the
University of California Los Angeles’s Institutional Review Board.

Consent for publication: Not applicable.

Availability of data and materials: The data supporting the conclusions of this article are included within the
article and its additional �les.

Competing interests: The authors declare that they have no competing interests.

Funding: This work was supported by NIH-NIMH National Institute of Mental Health (1U54EB020403-
01), (U01MH101719), (1R01MH100900-01), (R01 MH085953), NIMH K99MH113820, The Simons Foundation
(Explorer Award to CEB), IMHRO/One Mind, Brain-Behavior Research Foundation (NARSAD).



Page 12/22

Authors’ contributions: RJ, AN, and CEB made substantial contributions to study conception, analyses, and
drafting of the manuscript. AL and AE contributed towards data analyses. LK and JZ oversaw recruitment and
behavioral assessment. All authors participated in manuscript revisions and have given �nal approval of this
version.

Acknowledgments: Special thanks to the participating families and staff who contributed toward data collection.

References
1. Goldenberg PC, Calkins ME, Richard J, McDonald-McGinn D, Zackai E, Mitra N, et al. Computerized

neurocognitive pro�le in young people with 22q11.2 deletion syndrome compared to youths with
schizophrenia and at-risk for psychosis. American journal of medical genetics Part B, Neuropsychiatric
genetics : the o�cial publication of the International Society of Psychiatric Genetics. 2012;159B(1):87-93.

2. McDonald-McGinn DM, Sullivan KE, Marino B, Philip N, Swillen A, Vorstman JA, et al. 22q11.2 deletion
syndrome. Nat Rev Dis Primers. 2015;1:15071.

3. Digilio MC, Angioni A, De Santis M, Lombardo A, Giannotti A, Dallapiccola B, et al. Spectrum of clinical
variability in familial deletion 22q11.2: from full manifestation to extremely mild clinical anomalies. Clin
Genet. 2003;63(4):308-13.

4. Bassett AS, Chow EW, Husted J, Weksberg R, Caluseriu O, Webb GD, et al. Clinical features of 78 adults with
22q11 Deletion Syndrome. Am J Med Genet A. 2005;138(4):307-13.

5. Kiley-Brabeck K, Sobin C. Social skills and executive function de�cits in children with the 22q11 Deletion
Syndrome. Appl Neuropsychol. 2006;13(4):258-68.

�. Swillen A, McDonald-McGinn D. Developmental trajectories in 22q11.2 deletion. Am J Med Genet C Semin
Med Genet. 2015;169(2):172-81.

7. Zhao Y, Guo T, Fiksinski A, Breetvelt E, McDonald-McGinn DM, Crowley TB, et al. Variance of IQ is partially
dependent on deletion type among 1,427 22q11.2 deletion syndrome subjects. Am J Med Genet A.
2018;176(10):2172-81.

�. Cabaral MH, Beaton EA, Stoddard J, Simon TJ. Impaired multiple object tracking in children with chromosome
22q11.2 deletion syndrome. Journal of neurodevelopmental disorders. 2012;4(1):6.

9. Campbell L, McCabe K, Leadbeater K, Schall U, Loughland C, Rich D. Visual scanning of faces in 22q11.2
deletion syndrome: Attention to the mouth or the eyes? Psychiatry research. 2010;177(1-2):211-5.

10. Bearden CE, Woodin MF, Wang PP, Moss E, McDonald-McGinn D, Zackai E, et al. The neurocognitive
phenotype of the 22q11.2 deletion syndrome: selective de�cit in visual-spatial memory. Journal of clinical
and experimental neuropsychology. 2001;23(4):447-64.

11. Chawner S, Doherty JL, Moss H, Niarchou M, Walters JTR, Owen MJ, et al. Childhood cognitive development
in 22q11.2 deletion syndrome: case-control study. Br J Psychiatry. 2017;211(4):223-30.

12. Moss EM, Batshaw ML, Solot CB, Gerdes M, McDonald-McGinn DM, Driscoll DA, et al. Psychoeducational
pro�le of the 22q11.2 microdeletion: A complex pattern. J Pediatr. 1999;134(2):193-8.

13. Woodin M, Wang PP, Aleman D, McDonald-McGinn D, Zackai E, Moss E. Neuropsychological pro�le of
children and adolescents with the 22q11.2 microdeletion. Genet Med. 2001;3(1):34-9.

14. Vorstman JA, Morcus ME, Duijff SN, Klaassen PW, Heineman-de Boer JA, Beemer FA, et al. The 22q11.2
deletion in children: high rate of autistic disorders and early onset of psychotic symptoms. Journal of the



Page 13/22

American Academy of Child and Adolescent Psychiatry. 2006;45(9):1104-13.

15. Sobin C, Kiley-Brabeck K, Karayiorgou M. Associations between prepulse inhibition and executive visual
attention in children with the 22q11 deletion syndrome. Molecular psychiatry. 2005;10(6):553-62.

1�. Norkett EM, Lincoln SH, Gonzalez-Heydrich J, D'Angelo EJ. Social cognitive impairment in 22q11 deletion
syndrome: A review. Psychiatry research. 2017;253:99-106.

17. McCabe KL, Melville JL, Rich D, Strutt PA, Cooper G, Loughland CM, et al. Divergent patterns of social
cognition performance in autism and 22q11.2 deletion syndrome (22q11DS). Journal of autism and
developmental disorders. 2013;43(8):1926-34.

1�. Glaser B, Debbane M, Ottet MC, Vuilleumier P, Zesiger P, Antonarakis SE, et al. Eye gaze during face
processing in children and adolescents with 22q11.2 deletion syndrome. Journal of the American Academy
of Child and Adolescent Psychiatry. 2010;49(7):665-74.

19. Campbell LE, McCabe KL, Melville JL, Strutt PA, Schall U. Social cognition dysfunction in adolescents with
22q11.2 deletion syndrome (velo-cardio-facial syndrome): relationship with executive functioning and social
competence/functioning. J Intellect Disabil Res. 2015;59(9):845-59.

20. Ho JS, Radoeva PD, Jalbrzikowski M, Chow C, Hopkins J, Tran WC, et al. De�cits in mental state attributions
in individuals with 22q11.2 deletion syndrome (velo-cardio-facial syndrome). Autism research : o�cial journal
of the International Society for Autism Research. 2012;5(6):407-18.

21. Jalbrzikowski M, Carter C, Senturk D, Chow C, Hopkins JM, Green MF, et al. Social cognition in 22q11.2
microdeletion syndrome: relevance to psychosis? Schizophrenia research. 2012;142(1-3):99-107.

22. Van Den Heuvel E, Jonkers E, Rombouts E, Manders E, Zink I, Swillen A. Exploratory study on cognitive
abilities and social responsiveness in children with 22q11.2 deletion syndrome (22q11DS) and children with
idiopathic intellectual disability (IID). Res Dev Disabil. 2018;81:89-102.

23. Campbell LE, Stevens A, Daly E, Toal F, Azuma R, Karmiloff-Smith A, et al. A comparative study of cognition
and brain anatomy between two neurodevelopmental disorders: 22q11.2 deletion syndrome and Williams
syndrome. Neuropsychologia. 2009;47(4):1034-44.

24. Gur RE, Yi JJ, McDonald-McGinn DM, Tang SX, Calkins ME, Whinna D, et al. Neurocognitive development in
22q11.2 deletion syndrome: comparison with youth having developmental delay and medical comorbidities.
Molecular psychiatry. 2014;19(11):1205-11.

25. Jonas RK, Montojo CA, Bearden CE. The 22q11.2 deletion syndrome as a window into complex
neuropsychiatric disorders over the lifespan. Biological psychiatry. 2014;75(5):351-60.

2�. Antshel KM, Aneja A, Strunge L, Peebles J, Fremont WP, Stallone K, et al. Autistic spectrum disorders in velo-
cardio facial syndrome (22q11.2 deletion). Journal of autism and developmental disorders. 2007;37(9):1776-
86.

27. Niklasson L, Rasmussen P, Oskarsdottir S, Gillberg C. Neuropsychiatric disorders in the 22q11 deletion
syndrome. Genet Med. 2001;3(1):79-84.

2�. Niklasson L, Rasmussen P, Oskarsdottir S, Gillberg C. Autism, ADHD, mental retardation and behavior
problems in 100 individuals with 22q11 deletion syndrome. Res Dev Disabil. 2009;30(4):763-73.

29. Schneider M, Debbane M, Bassett AS, Chow EW, Fung WL, van den Bree M, et al. Psychiatric disorders from
childhood to adulthood in 22q11.2 deletion syndrome: results from the International Consortium on Brain and
Behavior in 22q11.2 Deletion Syndrome. The American journal of psychiatry. 2014;171(6):627-39.



Page 14/22

30. Jolin EM, Weller RA, Weller EB. Occurrence of affective disorders compared to other psychiatric disorders in
children and adolescents with 22q11.2 deletion syndrome. J Affect Disord. 2012;136(3):222-8.

31. Marshall CR, Howrigan DP, Merico D, Thiruvahindrapuram B, Wu W, Greer DS, et al. Contribution of copy
number variants to schizophrenia from a genome-wide study of 41,321 subjects. Nature genetics.
2017;49(1):27-35.

32. Cotter J, Granger K, Backx R, Hobbs M, Looi CY, Barnett JH. Social cognitive dysfunction as a clinical marker:
A systematic review of meta-analyses across 30 clinical conditions. Neuroscience and biobehavioral reviews.
2018;84:92-9.

33. Debbane M, Glaser B, David MK, Feinstein C, Eliez S. Psychotic symptoms in children and adolescents with
22q11.2 deletion syndrome: Neuropsychological and behavioral implications. Schizophrenia research.
2006;84(2-3):187-93.

34. McDonald S, Bornhofen C, Shum D, Long E, Saunders C, Neulinger K. Reliability and validity of The
Awareness of Social Inference Test (TASIT): a clinical test of social perception. Disability and rehabilitation.
2006;28(24):1529-42.

35. McDonald S, Flanagan S, Rollins J, Kinch J. TASIT: A new clinical tool for assessing social perception after
traumatic brain injury. The Journal of head trauma rehabilitation. 2003;18(3):219-38.

3�. Addington J, Cadenhead KS, Cannon TD, Cornblatt B, McGlashan TH, Perkins DO, et al. North American
Prodrome Longitudinal Study: a collaborative multisite approach to prodromal schizophrenia research.
Schizophr Bull. 2007;33(3):665-72.

37. Addington J, Cadenhead KS, Cornblatt BA, Mathalon DH, McGlashan TH, Perkins DO, et al. North American
Prodrome Longitudinal Study (NAPLS 2): overview and recruitment. Schizophrenia research. 2012;142(1-
3):77-82.

3�. Addington J, Liu L, Buchy L, Cadenhead KS, Cannon TD, Cornblatt BA, et al. North American Prodrome
Longitudinal Study (NAPLS 2): The Prodromal Symptoms. J Nerv Ment Dis. 2015;203(5):328-35.

39. McGlashan TH, Miller, T.J., Woods, S.W., Hoffman, R.E., Davidson L. Instrument for the Assessment of
Prodromal symptoms and States. In: Miller T, Mednick, S.A., McGlashan, T.H., Libiger, J., Johannessen, J.O.,
editor. Early Intervention in Psychotic Disorders. NATO Science Series (Series D: Behavioural and Social
Sciences). 91. Dordecht, Netherlands: Springer; 2001.

40. First MB, Spitzer, R.L., Gibbon, M., Williams, J.B.W. Structured Clinical Interview for DSM-IV Axis I Disorders:
Patient Edition. 1997.

41. Lord C, Rutter, M., DiLavore, P.C., Risi, S. Autism Diagnostic Observation Schedule, Second Edition. Los
Angeles, CA: Western Psychological Services; 2012.

42. Wechsler D. Wechsler Abbreviated Scale of Intelligence - 2nd edition. San Antonio, TX: The Psychological
Corporation; 1999.

43. Constantino JN, & Gruber, C.P. Social Responsiveness Scale, 2nd edition. Los Angeles, CA: Western
Psychological Services; 2012.

44. Constantino JN, & Gruber, C.P. Social Responsiveness Scale. Los Angeles, CA: Western Psychological
Services; 2005.

45. Bruni T. Test Review: Social Responsiveness Scale-Second Edition (SRS-2). Journal of Psychoeducational
Assessment. 2014;32(4):365-9.



Page 15/22

4�. Shashi V, Veerapandiyan A, Schoch K, Kwapil T, Keshavan M, Ip E, et al. Social skills and associated
psychopathology in children with chromosome 22q11.2 deletion syndrome: implications for interventions. J
Intellect Disabil Res. 2012;56(9):865-78.

47. Kates WR, Antshel KM, Fremont WP, Shprintzen RJ, Strunge LA, Burnette CP, et al. Comparing phenotypes in
patients with idiopathic autism to patients with velocardiofacial syndrome (22q11 DS) with and without
autism. Am J Med Genet A. 2007;143A(22):2642-50.

4�. Weinberger R, Yi J, Calkins M, Guri Y, McDonald-McGinn DM, Emanuel BS, et al. Neurocognitive pro�le in
psychotic versus nonpsychotic individuals with 22q11.2 deletion syndrome. Eur Neuropsychopharmacol.
2016;26(10):1610-8.

49. Bora E, Eryavuz A, Kayahan B, Sungu G, Veznedaroglu B. Social functioning, theory of mind and
neurocognition in outpatients with schizophrenia; mental state decoding may be a better predictor of social
functioning than mental state reasoning. Psychiatry research. 2006;145(2-3):95-103.

50. Bora E, Yucel M, Pantelis C. Theory of mind impairment in schizophrenia: meta-analysis. Schizophrenia
research. 2009;109(1-3):1-9.

51. Savla GN, Vella L, Armstrong CC, Penn DL, Twamley EW. De�cits in domains of social cognition in
schizophrenia: a meta-analysis of the empirical evidence. Schizophr Bull. 2013;39(5):979-92.

52. Green MF, Horan WP, Lee J. Social cognition in schizophrenia. Nature reviews Neuroscience. 2015;16(10):620-
31.

53. DSM-V. Diagnostic and statistical manual of mental disorders (5th ed.). Washington, DC: Author: American
Psychiatric Association; 2013.

54. Veddum L, Pedersen HL, Landert AL, Bliksted V. Do patients with high-functioning autism have similar social
cognitive de�cits as patients with a chronic cause of schizophrenia? Nord J Psychiatry. 2019;73(1):44-50.

55. Fernandes JM, Cajao R, Lopes R, Jeronimo R, Barahona-Correa JB. Social Cognition in Schizophrenia and
Autism Spectrum Disorders: A Systematic Review and Meta-Analysis of Direct Comparisons. Front
Psychiatry. 2018;9:504.

5�. Pinkham AE, Morrison KE, Penn DL, Harvey PD, Kelsven S, Ludwig K, et al. Comprehensive comparison of
social cognitive performance in autism spectrum disorder and schizophrenia. Psychological medicine.
2019:1-9.

57. Chung YS, Barch D, Strube M. A meta-analysis of mentalizing impairments in adults with schizophrenia and
autism spectrum disorder. Schizophr Bull. 2014;40(3):602-16.

5�. Bliksted V, Ubukata S, Koelkebeck K. Discriminating autism spectrum disorders from schizophrenia by
investigation of mental state attribution on an on-line mentalizing task: A review and meta-analysis.
Schizophrenia research. 2016;171(1-3):16-26.

59. Nader AM, Jelenic P, Soulieres I. Discrepancy between WISC-III and WISC-IV Cognitive Pro�le in Autism
Spectrum: What Does It Reveal about Autistic Cognition? PloS one. 2015;10(12):e0144645.

�0. Oliveras-Rentas RE, Kenworthy L, Roberson RB, 3rd, Martin A, Wallace GL. WISC-IV pro�le in high-functioning
autism spectrum disorders: impaired processing speed is associated with increased autism communication
symptoms and decreased adaptive communication abilities. Journal of autism and developmental disorders.
2012;42(5):655-64.

�1. Rabiee A, Samadi SA, Vasaghi-Gharamaleki B, Hosseini S, Seyedin S, Keyhani M, et al. The Cognitive Pro�le
of People with High-Functioning Autism Spectrum Disorders. Behav Sci (Basel). 2019;9(2).



Page 16/22

�2. Vangkilde A, Jepsen JR, Schmock H, Olesen C, Arnarsdottir S, Baare WF, et al. Associations between social
cognition, skills, and function and subclinical negative and positive symptoms in 22q11.2 deletion syndrome.
Journal of neurodevelopmental disorders. 2016;8:42.

�3. Jones CRG, Simonoff E, Baird G, Pickles A, Marsden AJS, Tregay J, et al. The association between theory of
mind, executive function, and the symptoms of autism spectrum disorder. Autism research : o�cial journal of
the International Society for Autism Research. 2018;11(1):95-109.

�4. Baron-Cohen S, O'Riordan M, Stone V, Jones R, Plaisted K. Recognition of faux pas by normally developing
children and children with Asperger syndrome or high-functioning autism. Journal of autism and
developmental disorders. 1999;29(5):407-18.

�5. Friedrich EV, Sivanathan A, Lim T, Suttie N, Louchart S, Pillen S, et al. An Effective Neurofeedback Intervention
to Improve Social Interactions in Children with Autism Spectrum Disorder. Journal of autism and
developmental disorders. 2015;45(12):4084-100.

��. Soorya LV, Siper PM, Beck T, Soffes S, Halpern D, Gorenstein M, et al. Randomized comparative trial of a
social cognitive skills group for children with autism spectrum disorder. Journal of the American Academy of
Child and Adolescent Psychiatry. 2015;54(3):208-16 e1.

�7. Van L, Boot E, Bassett AS. Update on the 22q11.2 deletion syndrome and its relevance to schizophrenia.
Current opinion in psychiatry. 2017;30(3):191-6.

��. Turner DT, McGlanaghy E, Cuijpers P, van der Gaag M, Karyotaki E, MacBeth A. A Meta-Analysis of Social
Skills Training and Related Interventions for Psychosis. Schizophr Bull. 2018;44(3):475-91.

�9. Hotton M, Coles, S. The effectiveness of social skills training groups for individuals with autism spectrum
disorder. Review Journal of Autism and Developmental Disorders. 2016;3(1):68-81.

70. Shashi V, Harrell W, Eack S, Sanders C, McConkie-Rosell A, Keshavan MS, et al. Social cognitive training in
adolescents with chromosome 22q11.2 deletion syndrome: feasibility and preliminary effects of the
intervention. J Intellect Disabil Res. 2015;59(10):902-13.

Tables
graphic data for participant groups

 



Page 17/22

  22q11DS

Mean (SD)

CHR

Mean (SD)

FEP

Mean (SD)

ASD

Mean (SD)

HC

Mean (SD)

Do 9.90 (2.14)a 13.06 (2.09) 11.69 (2.71)b 11.67 (2.58) 13.11 (2.33)

Say 9.57 (2.16)a 12.31 (2.30) 10.88 (3.05)b 11.33 (2.63) 12.86 (2.29)

Think 12.03 (1.92)a 13.44 (1.38) 12.33 (2.81)b 13.25 (1.26) 13.76 (1.39)

Feel 10.13 (2.08)a 13.19 (2.21) 12.22 (2.97) 12.33 (2.18) 13.32 (2.04)

Total 41.63 (6.23)a 52.74 (5.74) 49.36 (7.36)b 48.58 (6.45)c 53.55 (6.21)

22q11DS 

(N=68)    

CHR

(N=48)

FEP

(N=49)

ASD

(N=24)

HC

(N=117)

p-value

years (+SD) 15.4 (+5.9) 18.1 (+3.1)* 15.5 (+1.6) 15.7 (+2.3) 17.3 (+4.9) .05

years  6 – 35  15 – 27 12 – 18 12 – 20 6 – 28  

ale (N) 54.4% (37 F) 27.1% (13 F) 44.9% (22 F) 16.7% (4 F)** 52.1% (61 F) .002

al Education, in years (+ SD) 15 (1.34) 12 (1.53)*** 16 (1.28) 16 (1.1) 15 (1.75) <.001

y           <.001

White, Hispanic 21% 24% 41.4%*** 26.7% 24.5%  

White, Non-Hispanic 69%*** 43% 41.7% 46.6% 32.6%  

Other 10% 33% 16.9% 26.7% 42.9%***  

p < 0.01, ***p < 0.001

Group means and standard deviations for TASIT (raw scores)

a = 22q11DS < CHR, FEP, ASD, HC

b = FEP < HC 

c = ASD < HC 

Table 3 Group means and standard deviations for WASI-II IQ scores

 

  22q11DS

Mean (SD)

CHR

Mean (SD)

FEP

Mean (SD)

ASD

Mean (SD)

HC

Mean (SD)

FSIQ 79.52

(13.62)a

108.58

(15.62)

98.48

(15.49) b, c

110.17

(16.41)

110.98

(16.15)

Verbal IQ

(T-score)

38.03

(8.67)a

57.27

(10.23)

49.38 (10.91)b,

c

54.58

(11.84)

58.63

(11.02)

Nonverbal IQ (T-

score)

33.93

(13.10)a

52.06

(10.30)

47.89 (10.37)d 58.50 (8.83) 53.11

(10.04)

11DS < CHR, FEP, ASD, HC

< HC 

< CHR 

< ASD

4 22q11DS subgroup means and standard deviations for TASIT total score and WASI-II IQ scores
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  22q11DS with no ASD or psychosis diagnosis

(N=33, 49%)

 

Mean (SD)

22q11DS with

ASD

(N=26, 38%)

 

Mean (SD)

22q11DS with

psychosis

(N=3, 4%)

 

Mean (SD)

22q11DS with both ASD and psychosis   

(N=6, 9%)

Mean (SD)

TASIT Total Score 41.64 (6.43) 38.92 (8.94) 37.67 (4.51) 35.83 (4.58)

IQ 77.78 (14.00) 76.15 (11.34) 71.00 (14.00) 59.83 (5.71)a

Verbal IQ 37.19 (8.87) 34.88 (8.63) 32.00 (10.39) 23.50 (4.51)a

Nonverbal IQ 32.31 (13.27) 32.92 (10.27) 29.33 (8.62) 21.83 (2.64)

  22q11DS

N=63

 

Mean (SD)

CHR

N=15

 

Mean (SD)

ASD

N=23

 

Mean (SD)

HC

N=37

 

Mean (SD)

  FEP

N=39

 

Mean (SD)

Social Awareness 60.97 (14.36) 59.67 (12.12) 69.74 (9.34) 49.62 (13.29)a Receptive 55.50 (14.04)

Social Cognition 71.56 (14.21) 60.53 (14.50) 65.48 (7.67) 50.30 (12.68)a Cognitive 66.90 (17.12)

Social Communication 68.90 (14.93) 61.27 (16.20) 70.61 (9.02) 49.49 (12.02)a Expressive 66.53 (16.43)

Social Motivation 67.51 (14.86) 60.53 (17.50) 68.26 (13.90) 51.32 (12.45)a Motivational Aspects of Social Behavior 70.55 (13.56)

Restricted Interests and Repetitive Behaviors 71.27 (14.20) 65.33 (15.78) 69.09 (10.42) 49.14 (11.09)a Autistic Preoccupations 70.88 (19.40)

SRS-2 Total 71.24 (14.19) 63.60 (15.55) 71.04 (8.14) 44.73 (6.00)a SRS Total 69.46 (15.98)

 

a = 22q11DS with both

ASD and psychosis <

22q11DS with no ASD

or psychosis diagnosis

Table 5 Group means

and standard

deviations for SRS T-

scores

a

=

22q11DS, CHR, ASD, FEP

Figures
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Figure 1

Boxplots showing group differences in TASIT scores. Lower and upper box boundaries indicate 25th and 75th
percentiles respectively, black line inside box represents median, whiskers denote minimum to maximum range,
and signi�cant pairwise differences between groups are indicated by asterisks (**=p<.01, ***=p<.001). (A) Group
differences for total TASIT score (22q11DS < CHR, FEP, ASD, and HC; FEP < HC; and ASD < HC); (B) Group
differences in TASIT score for subdomain Do (22q11DS < CHR, FEP, ASD, and HC; FEP < HC); (C) Group
differences in TASIT score for subdomain Say (22q11DS < CHR, FEP, ASD, and HC; FEP < HC); (D) Group
differences in TASIT score for subdomain Think (22q11DS < CHR, ASD, and HC; FEP < HC); (E) Group differences
in TASIT score for subdomain Feel (22q11DS < CHR, FEP, ASD, and HC).



Page 20/22

Figure 2

Boxplots showing group differences in FSIQ, VIQ, and NVIQ scores. Lower and upper box boundaries indicate 25th
and 75th percentiles respectively, black line inside box represents median, whiskers denote minimum to maximum
range, and signi�cant pairwise differences between groups are indicated by asterisks (**=p<.01, ***=p<.001). (A)
Group differences in FSIQ (22q11DS < CHR, FEP, ASD, and HC; FEP < CHR and HC); (B) Group differences in VIQ
score (22q11DS < CHR, FEP, ASD, and HC; FEP < CHR and HC); (C) Group differences in NVIQ score (22q11DS <
CHR, FEP, ASD, and HC; FEP < ASD).

Figure 3

Boxplots showing group differences in TASIT total score after covarying for FSIQ. Lower and upper box
boundaries indicate 25th and 75th percentiles respectively, black line inside box represents median, whiskers
denote minimum to maximum range, and signi�cant pairwise differences between groups are indicated by
asterisks (**=p<.01, ***=p<.001). (A) Group differences in TASIT total score after covarying for WASI-II FSIQ score
(22q11DS < CHR, FEP, and HC; ASD < HC); (B) Group differences in TASIT total score after covarying for WASI-II
VIQ (22q11DS < CHR, FEP, and HC); (C) Group differences in TASIT total score after covarying for WASI-II NVIQ
(22q11DS < CHR, FEP, and HC; ASD < CHR and HC).
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Figure 4

(A) Scatterplot showing correlation between TASIT and FSIQ for 22q11DS, CHR, FEP, ASD, and HC. IQ is positively
and signi�cantly correlated with TASIT total score for all groups; (B) Scatterplot showing correlation between
TASIT total score and VIQ across groups. VIQ score is positively and signi�cantly correlated with TASIT total score
for all groups; (C) Scatterplot showing correlation between TASIT total score and NVIQ across groups. NVIQ score
is positively and signi�cantly correlated with TASIT total score for 22q11DS, CHR, FEP, and HC groups (but not
ASD).
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Figure 5

(A) Boxplots showing group differences in SRS total score. Lower and upper box boundaries indicate 25th and
75th percentiles respectively, black line inside box represents median, whiskers denote minimum to maximum
range, and signi�cant pairwise differences between groups are indicated by asterisks (**=p<.01, ***=p<.001) (HC <
22q11DS, CHR, FEP, and ASD); (B) Scatterplot showing correlations between TASIT total score and SRS by group:
TASIT is signi�cantly correlated with SRS in CHR group only.


