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Abstract

Background—22q11.2 Microdeletion syndrome (22q11DS) is associated with elevated rates of 

autism spectrum disorders (ASDs), although the diagnosis is controversial. In order to determine 

whether there is a biological substrate of ASD in 22q11DS, we examined neurocognitive and 

structural neuroanatomic differences between those with 22q11DS and an ASD diagnosis 

(22q11DS-ASD+) and those with 22q11DS without ASD (22q11DS-ASD−); we then determined 

whether these differences were better characterized within a categorical or dimensional 

framework.

Methods—We collected multiple neurocognitive measures and high-resolution T1-weighted 

scans on 116 individuals (29 22q11DS-ASD+, 32 22q11DS-ASD−, 55 typically developing 

controls) between 6 and 26 years of age. Measures of subcortical volume, cortical thickness (CT), 

and surface area were extracted using the FreeSurfer image analysis suite. Group differences in 

neurocognitive and neuroanatomic measures were assessed; regression analyses were then 

performed to determine whether a categorical or dimensional measure of ASD was a better 

predictor of neurocognitive impairment and/or neuroanatomic abnormalities observed in 

22q11DS-ASD+.

Results—In comparison to 22q11DS-ASD−, 22q11DS-ASD+ participants exhibited decreased 

bilateral hippocampal CT and decreased right amygdala volumes. Those with 22q11DS-ASD+ 
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also showed slowed processing speed and impairments in visuospatial and facial memory. 

Neurocognitive impairments fit a dimensional model of ASD, whereas reductions in 

parahippocampal CT were best explained by a categorical measure of ASD.

Conclusions—A combination of categorical and dimensional measures of ASD may provide the 

most comprehensive understanding of ASDs in 22q11DS.
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Introduction

Autism spectrum disorders (ASD) are characterized by marked impairments in social 

interactions and both verbal and non-verbal communication, as well as repetitive behaviors 

or restricted interests. However, ASD is also associated with remarkable heterogeneity at 

both the phenotypic (1) and genetic level (2–4), which may be why it has been so difficult to 

identify replicable cognitive and biological substrates of the disorder. Given that multiple 

rare copy number variants (CNVs) have been found to play a significant role in ASD 

pathogenesis (5–10), an alternative strategy is to focus on highly penetrant genetic subtypes 

of the disorder. Indeed, up to 25% of individuals diagnosed with ASD have an identifiable 

genetic etiology (11). Examination of cognition and neuroanatomy in a homogenous 

subgroup with a well-known etiology may provide us with insights that are otherwise 

obscured due to both genetic and phenotypic heterogeneity in ASD.

22q11.2 Microdeletion Syndrome (22q11DS) offers one potential model disorder in which 

to investigate this question, as rates of ASD are substantially elevated in this syndrome; a 

recent meta-analysis concluded that 22q11DS is associated with a >8-fold increase in risk 

for ASD (12). However, the reported prevalence of categorical ASD diagnosis in 22q11DS is 

highly variable across studies, ranging from 0–50% (13–18).

Some argue that this variability is attributable to methodological differences across studies 

(18); others speculate that ASD diagnosis in 22q11DS is actually a misdiagnosis of 

prodromal psychosis, given that 25–30% of patients with 22q11DS develop psychotic illness 

in adolescence or adulthood (19). Still others have suggested that ASD diagnosis in 

22q11DS is capturing a generalized social impairment that differs from idiopathic autism 

(20). On the other hand, core autism behaviors, such as impairments in joint attention, 

gestural communication, initiating conversation, and circumscribed interests, are recognized 

as characteristic phenotypes in 22q11DS individuals, independent of ASD diagnosis (21). 

These findings suggest that a dimensional explanation of ASD, or a “broader autism 

phenotype”, may be more applicable to the 22q11DS population.

This concept is not specific to 22q11DS. Population twin and family studies support a 

dimensional view of autistic-like behaviors, suggesting that autism is at the extreme tail of a 

continuous distribution (22–25). Furthermore, studies have found that empirically derived 

clusters are more likely to map onto severity of ASD symptoms (26–28), rather than the 
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classification approach used by DSM-IV and ICD-10. However, no studies have yet 

addressed the question of whether neurocognitive and neuroanatomic abnormalities in 

22q11DS are better explained by a categorical vs. a dimensional approach to ASD-relevant 

traits. This question is highly relevant to the Research Domain Criteria framework (RDoC, 

29), which posits that to accelerate progress in identifying disease mechanisms underlying 

ASD, it may be more informative to examine autistic symptoms based on dimensions and 

observable behaviors (30; 31).

Prior studies have not observed differences in overall cognitive abilities (Full-Scale 

intelligence quotient; FSIQ) between 22q11DS patients with an ASD diagnosis (22q11DS-

ASD+) compared to those who do not have ASD (22q11DS-ASD−; 13; 21; 32). However, 

greater ASD symptom severity was associated with poorer performance on measures of 

verbal knowledge (vocabulary) and coding (processing speed) in patients with 22q11DS 

(32). Additionally, a previous investigation from our group did not find differences in a 

theory of mind measure (Animations task) between those with 22q11DS-ASD+ vs. those 

without ASD (33); nevertheless, poorer performance was associated with greater impairment 

on a dimensional measure of reciprocal social behavior, the Social Responsiveness Scale 

(34). These findings suggest that dimensional measures may yield more precision and power 

when testing hypotheses regarding ASD-related neurocognitive deficits in 22q11DS.

In addition, given increasing recognition of mental disorders as biological disorders of the 

brain (29), there may be distinct structural neuroanatomic alterations that characterize 

22q11DS patients with ASD. To our knowledge, there is only one published study to 

investigate this; these authors found increased amygdala volumes in 22q11DS-ASD+ 

children vs. 22q11DS-ASD−, with all other regions of interest being statistically similar 

between the two groups (14). However, it is important to examine cortical volume in its 

constituent parts, cortical thickness (CT) and surface area (SA), given that these two 

measures are believed to have distinct neurodevelopmental origins (35).

Here, we sought to determine whether there are distinct neurocognitive or biological 

substrates associated with categorically defined ASD diagnosis in 22q11DS or, alternatively, 

whether a dimensional approach better characterizes the findings. Specifically, we 

investigated whether: 1) those with 22q11DS-ASD+ vs. 22q11DS-ASD−differ in terms of 

social and non-social cognition measures; 2) we could identify patterns of neuroanatomic 

alteration specific to 22q11DS-ASD+; 3) any observed categorical differences could be 

better explained by dimensional measures of autism-associated symptomatology in 

22q11DS.

Given the central role of face recognition and social cognition deficits in idiopathic ASD 

(36–40), we hypothesized that those with 22q11DS-ASD+ would show worse performance 

on measures of emotion recognition and face memory. Furthermore, based on findings in 

idiopathic ASD, we hypothesized that those with 22q11DS-ASD+ would show increased CT 

relative to 22q11DS-ASD− in brain regions associated with social cognition, including the 

orbitofrontal cortex and fusiform gyrus (41; 42), as well as alterations in amygdala volume 

(43). Finally, based on the premise that dimensional, quantitative traits may map more 

closely to the disease biology than categorical diagnoses, we hypothesized that dimensional 
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measures would account for more variance in the neurocognitive and neuroanatomic 

measures than categorical ASD diagnosis in 22q11DS.

Methods

Participants

The overall sample consisted of 116 individuals (29 22q11DS-ASD+, 32 22q11DS-ASD−, 

55 typically developing controls) between 6 and 26 years of age (Table 1), recruited from an 

ongoing longitudinal study. Fifty percent of the participants (22q11DS=27, Controls=32) 

were included in a previous structural MRI publication (5), which investigated 

neuroanatomic measures associated with psychotic symptoms in 22q11DS. Study 

procedures were approved by the UCLA Institutional Review Board and performed in 

accordance with the Declaration of Helsinki. All subjects or their legal guardians provided 

written informed consent, after study procedures were fully explained. 22q11DS participants 

had a molecularly confirmed diagnosis of 22q11.2 deletion, and controls did not meet 

criteria for any major mental disorder based on information gathered during structured 

clinical interview (see 5; 44 for more information regarding subject ascertainment 

procedures). Exclusion criteria included history of a neurological or medical disorder 

(independent of 22q11.2 deletion) that could affect CNS function, insufficient fluency in 

English (i.e., could not validly complete research measures), and substance or alcohol abuse 

and/or dependence within the past six months.

Autism Spectrum Diagnosis

For the children, a diagnosis of ASD was based on the Autism Diagnostic Observation 

Schedule (ADOS, (45)) and the Autism Diagnostic Interview-Revised (ADI-R, (46)), further 

described in supplemental text, whereas for adult participants a SCID interview (47) with an 

additional developmental disorders module (48) were administered to establish a diagnosis 

of ASD based on DSM-IV criteria (49).

Dimensional ASD Measures

The ADI-R social interaction score, ADI-R communication language score, and ADI-R 

repetitive behavior score, ADOS severity score, Social Responsiveness Scale (SRS), 

Repetitive Behavior Scale-Revised (RBS-R), and Short Sensory Profile were used as 

dimensional measures of ASD (see Supplemental Text for details).

MRI Acquisition

All scanning was carried out on an identical Siemens 3 Tesla (Tim Trio) MRI scanner with a 

12-channel head coil at the Brain Mapping Center at UCLA (22q11DS=30, controls=28) or 

at the Center for Cognitive Neuroscience (22q11DS=31, controls=27). Measures of brain 

structure were obtained with high-resolution structural MRI (see Supplemental Text for scan 

parameters).
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Neurocognitive Measures

Supervised clinical psychology doctoral students or Ph.D. staff administered a 

neuropsychological battery assessing multiple domains of cognitive functioning, detailed in 

Supplementary Table S1.

sMRI Image Processing

The FreeSurfer image analysis suite (version 5.0, http://surfer.nmr.mgh.harvard.edu) surface-

based processing pipeline was used to derive CT and SA measures for the structural data. 

Freesurfer is a well-validated processing protocol (50; 51), further described in the 

Supplemental Text.

Statistical Analyses

Overview—Statistical analyses were performed using SPSS software v.22 (IBM, Chicago, 

Illinois) and R (R Core Team, 2015). To compare demographic variables between the three 

groups (controls, 22q11DS-ASD+, 22q11DS-ASD−) we performed a univariate ANOVA for 

continuous variables (age, years of participant education) and chi-squared tests for 

categorical variables (sex). To examine differences on dimensional measures of ASD 

symptoms, we conducted t-tests between 22q11DS-ASD+ and 22q11DS-ASD−and 

calculated effect sizes (Cohen’s d). To ensure that there were no cross-scanner differences, 

we conducted a univariate analysis of covariance (ANCOVA) for each neuroanatomic 

measurement, with scanner location as the between-group factor and group, age, sex, and 

intracranial volume (for volume and surface area) as covariates. Analyses testing for group 

differences in cognition and neuroanatomy are detailed in Supplemental Text.

Comparison of categorical and dimensional measures in 22q11DS—We then 

tested whether variance in the neurocognitive and neuroanatomic measures that 

differentiated between 22q11DS-ASD+ and 22q11DS-ASD− were better explained by 

categorical (diagnosis) or dimensional measures of ASD (ADI-R communication-language 

score, ADI-R social interaction score, ADI-R repetitive-behavior, ADOS total score, total 

SRS score, total RBS-R score, total SSP score). We conducted separate regression analyses 

in the entire 22q11DS group (N= 61) with the neuroanatomic or neurocognitive measure as 

the dependent variable. Individual categorical and dimensional measures were each entered 

into the model separately. For each analysis, age and gender, along with categorical or 

dimensional ASD measure, were simultaneously entered into the regression model. We used 

Aikaike’s criterion (AIC), a commonly used measure for model selection, to determine the 

model with the best fit (52). AIC estimates the model fit relative to other models and 

attempts to balance model fit and complexity by penalizing for additional parameters (52). 

The smaller the AIC value in reference to the other models, the better the fit. A suggested 

“rule of thumb” for comparing AIC values is that is that if the AIC value decreases by 2 or 

less, this is weak evidence for improved model fit. A decrease in 4–7 points is moderate 

evidence of improved model fit, while a decrease in 10+ points is strong evidence for 

preferring one model over another (53). See Supplemental Text for secondary analyses of 

psychotic symptoms.
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Results

Overview

As shown in Table 1, 22q11DS-ASD+, 22q11DS-ASD− and control groups were matched 

on all demographic factors (all p-values .36 or greater). Group differences on dimensional 

measures of ASD are reported in Supplementary Table S2. As anticipated, there were 

significant differences between 22q11DS-ASD+ and 22q11DS-ASD on all dimensional 

measures, with 22q11DS-ASD+ having greater impairment and/or severity of symptoms, 

with greatest differences observed in the total ADOS score (d=−1.58). There were no 

between-scanner differences in volume, CT, or SA that survived multiple comparison 

correction (Supplementary Tables S3 and S4).

Neurocognitive Impairments in 22q11DS-ASD+

All 21 neurocognitive measures showed a statistically significant main effect of group (q<.

05; see Table 2). Both 22q11DS-ASD+ and 22q11DS-ASD− had significantly lower Full 

Scale IQ (FSIQ) estimates in comparison to the control group; however, there was not a 

significant difference in FSIQ between 22q11DS-ASD+and 22q11DS-ASD− (F(1,60)=1.9, 

p=.18; Table 1). In comparison to both 22q11DS-ASD− and controls, 22q11DS-ASD+ 

exhibited significantly impaired performance on measures of immediate (p=.004, ηp
2=.08) 

and delayed facial memory (p=.01, ηp
2=.07), processing speed (p=.001, ηp

2=.14) and 

delayed visuospatial memory (p=.02; ηp
2=.07, Figure 1). However, individuals with 

22q11DS-ASD+ did not significantly differ from 22q11DS-ASD− on social cognition tasks 

examining emotion identification, emotion differentiation, and Theory of Mind (all p>.12).

Subcortical volume and cortical thickness alterations in 22q11DS-ASD+

Global neuroanatomic measures are reported in Supplementary Table S5. Fourteen 

subcortical volumes, 38 CT measures, and 41 SA measures showed a statistically significant 

main effect of group (q<.05; see Tables 3 and 4).

22q11DS-ASD+ had significantly decreased right amygdala volume compared to both 

22q11DS-ASD− (p=.04, ηp
2=.03) and controls (p=.001, ηp

2=.18, Figure 3A). No other 

subcortical regions differed between 22q11DS-ASD+ and 22q11DS-ASD− (Table 4). 

However, both 22q11DS groups had volumetric reductions relative to controls in multiple 

subcortical regions, including bilateral regions of the cerebellum, right hippocampus and 

putamen, left amygdala and ventral diencephalon. In comparison to controls, both patient 

groups showed increases in right nucleus accumbens volume, and in bilateral regions of the 

caudate, consistent with previous findings (54–57).

22q11DS-ASD+ demonstrated significantly decreased CT in parahippocampal cortices 

bilaterally compared to both 22q11DS-ASD− (left: p=.003, ηp
2=.14, right: p=0.00009, ηp

2=.

21) and controls (left: p=0.000005, ηp
2=.25, right: p=.03, ηp

2=.07; Figure 2B–C). CT in the 

right caudal anterior cingulate was also significantly decreased in 22q11DS-ASD+ 

compared to controls (p=. 006, ηp
2=0.08), but there was not a significant difference between 

22q11DS patients with and without ASD (p=0.29, ηp
2=0.01), nor between 22q11DS-ASD− 

and controls (p=0.09, ηp
2=0.02). Both patient groups showed increased CT in comparison to 
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controls in frontal, insular, and parietal areas, largely replicating previous findings (5; 58; 

59).

No SA measures significantly differentiated between 22q11DS-ASD+ and 22q11DS-ASD−. 

Both patient groups showed decreased SA in widespread brain regions in comparison to 

controls (54), with greatest effect sizes seen for the left cuneus and bilateral superior parietal 

and inferior temporal regions, in line with our previous findings in a smaller sample (5).

Within the 22q11DS group, no significant age*group (ASD+ vs. ASD-) interactions were 

observed for any brain structures that showed a main effect of group.

Comparison of categorical and dimensional ASD symptom measures in 22q11DS

Regression statistics for the best-fitting models are presented in Supplementary Table S6; 

AIC scores are presented in Supplementary Table S7. For most cognitive measures 

(processing speed, immediate and delayed face memory), as well as right amygdala volume, 

the best-fitting model was a dimensional one, including ADI-R communication-language 

score as a predictor (accounting for 19–46% of the variance in these measures). For delayed 

visuospatial memory, the best fitting model was also dimensional but included ADOS score 

as a predictor, accounting for 34% of the variance in performance. In contrast, for bilateral 

parahippocampal CT, the best fitting model emerged when ASD categorical diagnosis was 

entered as a predictor, accounting for 17 and 30% of the variance in CT, respectively. Based 

on the guidelines suggested by Burnham & Anderson (53), all findings that were best 

explained by a dimensional over a categorical model showed strong evidence for a 

dimensional measure as the better fit. Evidence was equally strong that a categorical 

measure of ASD is a better fit for right parahippocampal CT. Findings were similar for left 

parahippocampal CT, though evidence that the categorical measure of ASD is a better fit is 

less strong.

The above results remained stable after removing 22q11DS individuals with a psychotic 

disorder diagnosis (see Supplementary Tables S8–S9 and Supplemental Text for additional 

analyses of psychotic symptoms).

Discussion

This study was, to our knowledge, the first to investigate autism-associated intermediate 

cognitive and neuroanatomic phenotypes in 22q11DS, with the goal of determining whether 

these deficits are better characterized within a categorical or dimensional framework. These 

analyses revealed that, in comparison to individuals with 22q11DS without an ASD 

diagnosis (22q11DS-ASD−), individuals with 22q11DS and ASD (22q11DS-ASD+) 

exhibited impaired performance on facial memory and had slower processing speed, with the 

greatest magnitude of deficit observed for processing speed. Follow-up analyses revealed 

that deficits in these measures were better explained by a dimensional measure of ASD 

(ADI-R communication-language). When comparing neuroanatomic deficits in 22q11DS-

ASD+ vs. 22q11DS-ASD−, we found that those with 22q11DS-ASD+ had reduced 

amygdala volumes and reduced cortical thickness (CT) in bilateral parahippocampal regions 

in comparison to 22q11DS-ASD−. When compared against multiple dimensional measures, 
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a categorical diagnosis of ASD best explained the variability in parahippocampal CT. Our 

findings suggest that categorical and dimensional approaches may provide complementary 

information in understanding impairments associated with ASD symptomatology in 

22q11DS.

Group differences in cognitive measures

Similar to previous investigations, we did not observed global cognitive impairments in 

22q11DS-ASD+ vs. 22q11DS-ASD− (13; 21; 32). While the domains in which we observed 

selective deficits in 22q11DS-ASD+ (facial memory and processing speed) are not explicitly 

measures of social cognition, it is likely that these impairments contribute to social aspects 

of the ASD phenotype. For example, slower processing speed is associated with lower 

adaptive functioning in those with idiopathic ASD (60) and lower social functioning in other 

clinical populations (61; 62). Furthermore, impairments in processing speed and face 

memory have been previously identified in idiopathic ASD(37; 60; 63; 64).

Contrary to our hypothesis, social cognition measures (emotion recognition, ToM) did not 

differentiate between 22q11DS individuals with and without ASD. However, the 22q11DS 

group as a whole was impaired on social cognition measures, in line with previous literature 

(2; 4). These results suggest that the social impairments observed in 22q11DS-ASD+ may 

be driven by more basic neurocognitive functions (processing speed, face memory), whereas 

deficits in emotion recognition and perspective-taking (perhaps arising from different 

underlying etiologies) are more broadly characteristic of 22q11DS.

Neuroanatomic substrates of 22q-ASD+

Alterations in neuroanatomic measures revealed a distinct phenotype for ASD within 

22q11DS. We found that 22q11DS-ASD+ individuals had reduced right amygdala volumes 

compared to both 22q11DS-ASD− and controls. The amygdala is implicated in multiple 

cognitive functions important for social interaction, including salience and novelty detection 

(65; 66), processing of emotional stimuli (67; 68) and judgments of when a stimulus changes 

in value or reward (69), functions found to be impaired in idiopathic ASD (70–72). While 

we did not find that emotion identification was differentially impaired in those with 

22q11DS and ASD, future studies are warranted to examine other processes in which the 

amygdala is implicated (i.e. salience, novelty detection, and reward processing) in 22q11DS.

The only prior study to examine structural neuroimaging measures in relation to ASD 

diagnosis in 22q11DS found larger right amygdala volumes in 22q11DS-ASD+ compared to 

22q11DS-ASD−(14). Although our studies converge in terms of region and laterality 

affected, our results point in the opposite direction (14). This discrepancy in directionality 

may be due to methodology differences [i.e., hand tracing (14) vs. semi-automated (current 

analysis)], the age ranges studied [ages 6–16 (14) vs. 6–25 years (current analysis)], or may 

also be related to the crucial role of neurodevelopment in ASD. Multiple studies have found 

increased amygdalar volumes in children with idiopathic ASD relative to controls (73–75), 

with no observed differences in older youth (76; 77) but reduced amygdalar volumes in 

adults with ASD (78; 79). While our analyses did not indicate differential effects of age on 

amygdalar volume in 22q11DS-ASD+, we were likely limited in our power to detect such 
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differences. Thus, future larger scale longitudinal studies are needed to examine age-related 

neurodevelopmental changes in 22q11DS.

We also found decreased CT in bilateral parahippocampal regions in 22q11DS-ASD+. 

Altered volume and thickness of the parahippocampal region has also been found in 

individuals with idiopathic ASD (41; 80–82). Like many higher-order cortical regions, the 

parahippocampal cortex has been associated with a range of cognitive functions, with the 

two most prominent processes being episodic memory (83; 84) and visuospatial processing 

(85; 86). Aminoff et al (2013) suggested that the parahippocampus’ primary role is 

mediating contextual associations (87), which is crucial for successfully engaging in 

successful social behaviors. For example, comprehension of sarcasm, a situation in which 

understanding context is of paramount importance, has been associated with 

parahippocampal volume (88).

Intriguingly, contrary to our initial hypothesis, we did not observe differences in CT in brain 

regions involved in social interactions, such as the orbitofrontal cortex, in those with 

22q11DS and ASD. However, these findings are consistent with the absence of a detectable 

behavioral difference between 22q11DS-ASD+ and 22q11DS-ASD− on social cognition 

measures. Interestingly, we previously found that increased CT in medial orbitofrontal 

cortex was associated with increased psychotic symptom severity (5); therefore, alterations 

in these regions in 22q11DS may be driven by other pathological conditions, not ASD. 

Future studies will need to examine to what extent neuroanatomic measures can distinguish 

between multiple psychiatric conditions in 22q11DS.

Categorical vs. dimensional approach

The recently proposed Research Domain Criteria (RDoC) project proposes that measures 

based on dimensions and observable behaviors may be more informative than current 

diagnostic systems about mechanisms underlying the development of psychiatric disorders 

(30; 31). We examined this hypothesis by comparing whether categorical or dimensional 

measures of autistic symptoms better accounted for the variability in neurocognitive and 

neuroanatomic patterns in 22q11DS. For the neurocognitive measures (processing speed, 

facial memory, visuospatial memory), a dimensional measure always explained the 

variability in the data better than the categorical measure, suggesting that dimensional 

measures are more sensitive to individual differences in neurocognition in 22q11DS.

Furthermore, individual differences in several measures (processing speed, facial memory, 

and right amygdala volume) were best explained by a dimensional measure of 

communication and language abilities (ADI-R communication-language score). These 

results suggest a direct link between a specific circuit-based behavioral dimension of autism 

and downstream cognitive processes, implying possible avenues for intervention. Also, 

reduced amygdala volumes were specifically associated with dimensionally measured 

communication and language impairments in 22q11DS-ASD+. Both human and non-human 

primate studies have found a significant link between amygdala volume and social network 

sizes (89; 90), providing preliminary evidence that a larger amygdala supports the increased 

demands that are required when one has more social interactions.
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A number of factors may account for variability across studies in the percentage of 22q11DS 

individuals diagnosed with ASD , including differences in ascertainment approaches, 

intellectual functioning, and/or assessment tool choice (13–18). In line with the shift towards 

a dimensional approach to psychopathology (29; 31), it has also been suggested that 

multiple symptom domains better explain clinical phenotypes observed in 22q11DS, with 

social-cognitive deficits as one of these domains (91). As such, classification based on ASD 

symptoms only may be misleading, given that alterations in multiple, different biological 

pathways likely lead to similar clinical profiles. Though our findings need to be replicated, 

our results offer promising new information regarding sub-type identification in 22q11DS. 

In line with recent work on “biotypes” in schizophrenia and bipolar disorder (92), it will be 

important to continue to examine behavioral and brain-based measures across traditional 

diagnostic categories, in both 22q11DS and idiopathic ASD. Our work identifies relevant 

measures to be used in future studies.

While the RDoC approach has the potential to overcome many limitations of our current 

diagnostic nosology (29–31), one major challenge that arises when applying a dimensional 

approach is choosing appropriate statistical methods. The majority of statistical approaches 

commonly applied in psychiatry research were designed to test categorical differences 

between groups. Thus, development of novel methodological approaches is necessary to 

utilize RDoC to its fullest potential.

Limitations

There are several limitations to this study. Given our wide age range (6–26 years old), our 

sample size was likely not sufficiently powered to detect differential effects of age between 

22q11DS-ASD+ and 22q11DS-ASD−. In addition, our effects may be primarily driven by 

specific age epochs. We attempted to control for this by co-varying for age in all analyses; 

however, we acknowledge that this design cannot address nonlinear effects of age across this 

age range, which likely encompasses distinct developmental stages. Furthermore, we were 

not powered to examine sex differences in the two 22q11DS groups; given the strong male 

bias in idiopathic ASD prevalence (93), this will be an important topic to pursue in the 

future. Notably, however, there is not a male bias for ASD in 22q11DS, or other 

neurogenetic syndromes highly penetrant for ASD(13). Finally, other automated amygdala 

parcellation schemes are more highly correlated with volumetric hand-tracing of the 

amygdala (left: 0.83, right: 0.79) than Freesurfer’s automatic amygdala parcellation, 

although the bivariate correlations between hand-tracing and the Freesurfer amygdala 

parcellation were still high (left: 0.56, right:0.56) (94). Thus, in future studies the use of 

multiple methods to determine amygdala volumes should be considered. Finally, our sample 

was cross-sectional; given consistent evidence that brain structural alterations in idiopathic 

ASD change across development (95), longitudinal studies of cognitive and neuroanatomic 

trajectories are warranted.

Future Directions

This study was an initial inquiry into whether dimensional or categorical measures of ASD 

best explain individual differences in 22q11DS. Our results suggest that a combination of 

dimensional and categorical variables may provide us with the most comprehensive 
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understanding of ASD symptomatology in 22q11DS. Future studies examining the extent to 

which the impairments observed in 22q11DS-ASD+overlap with impairments in idiopathic 

ASD are warranted to confirm the generalizability of our findings to the broader ASD 

population. Studies that utilize this approach to investigate other spectra of psychopathology 

in 22q11DS are also warranted. Furthermore, continued study of a homogenous genetic 

population that presents with varying forms of dimensionally measured psychopathology 

offers a valuable framework for translational neuroscience investigations across species.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Performance across neurocognitive domains in 22q11DS individuals with an autism 

spectrum disorder diagnosis (22q11DS-ASD+) vs. those without autism spectrum disorder 

(22q11DS-ASD−). Z-scores created using the control mean are presented for 22q11DS-ASD

+ and 22q11ASD-. In comparison to 22q11DS-ASD−, those with 22q11DS-ASD+ had 

significant impairments in processing speed (BACS symbol coding), delayed visuospatial 

memory (CMS dots delayed), and immediate and delayed face memory (CMS Faces 

Immediate, CMS Faces delayed).
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Figure 2. 
Marginal means (after correcting for age and gender) for right amygdala volume (A) and 

bilateral parahippocampal thickness (B,C) in those with 22q11DS and autism spectrum 

disorder diagnosis (22q11DS-ASD+, red), 22q11DS without an autism spectrum disorder 

diagnosis (22q11DS-ASD−, pink), and typically developing controls (blue).Those with 

22q11DS and autism spectrum disorder diagnosis (22q11DS-ASD+) exhibited reduced 

amygdala volumes (A), and reduced right (B) and left (C) cortical thickness in the 

parahippocampal regions in comparison in 22q11DS-ASD− and typically developing 

controls.
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Table 1

Demographic and clinical characteristics of study participants

22q11DS-
ASD+
Participants
(n=29)

22q11DS-ASD−
Participants
(n=32)

Typically
Developing
Controls
(n=55)

Age (years, +/− SD)
[Age range, years]

14.34 (5.70)
[6–26]

13.78 (5.35)
[6–25]

12.87 (4.93)
[6–26]

p=.45

Participant Education
(years,+/− SD)

6.72 (4.41) 6.47 (4.72) 7.15 (5.16) p=.81

Gender (N, % female) 11 (38%) 18 (56%) 26 (47%) p=.36

Mean WASI IQ (+/− SD) 76.7 (11.8) 81.5 (14.0) 110.2 (20.4) p= 9.0121e-

15a

a
22q-ASD+ and 22q11DS-ASD− did not significantly differ on measures of WASI IQ (t=1.5, p=.2).
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Table 2

Comparison of neurocognitive task performance in 22q11DS participants with an autism spectrum diagnosis 

(22q11DS-ASD+) to 22q11DS participants without ASD (22q11DS-ASD−), and healthy controls (CTL). 

Cells highlighted in yellow indicate a statistically significant difference (p<.05) between 22q11DS-ASD+ vs. 

22q11DS-ASD− in the pairwise comparisons.

Neuropsychological Construct
Measured F FDR q

value

↑ or ↓ in
22q11DS-
ASD+ vs.
22q11DS-

ASD-

↑ or ↓ in
22q11DS-
ASD+ vs.

CTL

Verbal Knowledge

Vocabulary 31.4 1.4E-10 ↓

Nonverbal Reasoning
Matrix Reasoning 18.7 2.2E-07 ↓

Processing Speed

BACS Symbol Coding 16.9 8.2E-07 ↓ ↓

Trails A 4.6 0.01 ↓

Set Switching
Trails B 16.7 8.3E-07 ↓

Verbal Memory ↓

CVLT Trials 1–5 19.0 2.2E-07 ↓

CVLT Short delay free recall 18.8 2.2E-07 ↓

CVLT Short delay cued recall 16.6 8.3E-07 ↓

CVLT Long delay free recall 20.9 7.9E-08 ↓

CVLT Long delay cued recall 18.9 2.2E-07 ↓

Verbal Fluency ↓

DKEFS-Letter Fluency 10.7 7.3E-05 ↓

DKEFS-Category Fluency 12.2 2.3E-05 ↓

DKEFS-Category Switching 7.5 0.001 ↓

DKEFS-Switching Accuracy 7.9 0.0007 ↓

Visuopatial Memory

Dots Immediate 11.3 4.7E-05 ↓

Dots Delayed 9.3 0.0002 ↓ ↓

Facial Memory

Faces Immediate 22.5 3.1E-08 ↓ ↓

Faces Delayed 20.0 1.4E-07 ↓ ↓

Emotion Processing

Penn Emotion Recognition Task 16.7 8.3E-07 ↓

Penn Emotion Differentiation Task 7.4 0.001 ↓

Theory of Mind
The Awareness of Social Inference Task 25.4 1.9E-08 ↓
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