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Abstract

IMPORTANCE—Autism spectrum disorder (ASD) is a brain-based pervasive developmental
disorder, which—by growing consensus—is associated with abnormal organization of functional
networks. Several previous studies of ASD have indicated atypical hemispheric asymmetries for
language.

OBJECTIVE—To examine the asymmetry of functional networks using a data-driven approach
for a comprehensive investigation of hemispheric asymmetry in ASD.

DESIGN, SETTING, AND PARTICIPANTS—This cross-sectional study involved 24 children
with ASD and 26 matched typically developing children at San Diego State University and the
University of California, San Diego. Data from 10 children had to be excluded for excessive
motion, resulting in final samples of 20 participants per group.

MAIN OUTCOMES AND MEASURES—Asymmetry indices of functional networks identified
from independent component analysis of resting-state functional magnetic resonance imaging
data.

RESULTS—Temporal concatenation independent component analysis, performed separately in
each group, showed significant group differences in asymmetry indices for 10 out of 17 functional
networks. Without exception, these networks (visual, auditory, motor, executive, language, and
attentional) showed atypical rightward asymmetry shifts in the ASD group.
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CONCLUSIONS AND RELEVANCE—Atypical rightward asymmetrymay be a pervasive
feature of functional brain organization in ASD, affecting sensorimotor, as well as higher
cognitive, domains.

Autism spectrum disorder (ASD) is characterized by sociocommunicative impairments,
repetitive behaviors, and restricted interests.! While viewed as a neurological disorder, its
precise neural bases are not well understood. Growing evidence suggests that
sociocommunicative, cognitive, and sensorimotor impairments are related to abnormalities
of distributed networks, rather than of single brain loci.2# Reports of atypical hemispheric
asymmetries in ASD come from anatomical® and functional imaging studies.8-12 Eyler and
colleagues®® observed atypical rightward asymmetry of receptive language activations
during natural sleep in infants down to age 12.5 months, indicating that abnormal
lateralization may predate language acquisition. However, all of the studies cited above
focused on brain regions or stimuli specifically related to language. Arecent study on gene
expression in post mortem frontal cortex showed abnormalities in patterning pathways
affecting lateralization in ASD,14 possibly suggesting a broader impact on asymmetries even
outside the language domain.

While far from conclusive, these intriguing findings prompt the question whether atypical
asymmetry could be a fundamental feature of brain organization in ASD. Indeed, theoretical
considerations about possible left-hemisphere dysfunction®16 or, alternatively,
predominant right-emisphere impairment17-18 have a long history in autism research.
However, these conjectures were largely based on limited behavioral findings, and
conclusive imaging evidence beyond the language domain is lacking. Functional
asymmetries related to nonverbal processing in ASD have received little attention, with only
2 studies reporting atypical left-hemisphere processing for motor tasks.1920 Moreover,
functional studies have typically applied a priori models of task-driven activation effects.
Since ASD is a pervasive developmental disorder whose neurofunctional bases are not well
understood, hypothesis-driven approaches targeting single domains may, however, fail to
provide comprehensive evidence because unexpected abnormalities may be missed.

Therefore, we used the data-driven approach of independent component analysis (ICA).
Applied to functional magnetic resonance imaging (fMRI) data, ICA identifies brain regions
that are temporally coherent (ie, characterized by correlated time series) and can be
interpreted as spatially distributed networks.2! It does not require a priori selection of
regions of interest or expected temporal signal responses, making it an ideal tool for
comprehensive network analyses.22 Functional MRI components detected by ICA are
associated with known functional networks22:23 and are stable within and across
participants.24 Resting-state fMRI is frequently used for assessing intrinsic blood oxygen
level-dependent fluctuations, providing a method for identifying multiple functional
networks in a task-free setting.25-27 Patterns of functional connectivity in resting-state fMRI
studies are highly consistent across participants and sessions, 2829 and detected functional
networks correspond to those from conventional activation fMRI.22

To our knowledge, the present study is the first to use resting- state fMRI and ICA to
investigate the asymmetry of functional networks and links with diagnostic and cognitive
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profiles in ASD. Considering the limited available evidence, we hypothesized that atypical
asymmetry would be detected for a multitude of functional networks beyond those identified
in previous single-domain studies and that atypical asymmetries would be related to
diagnostic and cognitive measures.

Data were collected from a total of 50 participants, including 24 high-functioning children
and adolescents with ASD and 26 typically developing (TD) participants. No participants
with medical or psychiatric conditions (other than ASD) were included. Four participants
with ASD and 2 TD participants were excluded because of excessive head motion (>1.5
mm), and 4 additional TD participants (3 girls, 1 left-handed boy)were excluded to restore
group matching for sex and handedness. The resulting sample included 20 participants with
ASD and 20TD participants (Table). Informed consent was collected from all participants in
accordance with the institutional review boards of the University of California at San Diego
and San Diego State University. For participants younger than the age of 18 years (all except
1 TD participant), written parental consent was also obtained. The 2 groups were matched
on age, handedness, and nonverbal 1Q. Autism spectrum disorder diagnoses were confirmed
using the Autism Diagnostic Interview—Revised,30 the Autism Diagnostic Observation
Schedule,3! and expert clinical opinion. All participants had verbal and nonverbal 1Q scores
greater than 70 on the Wechsler Abbreviated Scale of Intelligence.32 Hand preference was
assessed with the Edinburgh Handedness Inventory.33

Magnetic Resonance Imaging

Imaging data were acquired at the Center for Functional Magnetic Resonance Imaging at the
University of California at San Diego using aGEMR7503T system with an 8-channel head
coil. High-resolution 3-dimensional anatomical images were acquired using a standard T1-
weighted fast spoiled-gradientre-called- echo sequence (repetition time = 614 milliseconds;
echo time = 6.5 milliseconds; matrix = 172 x 256; flip angle = 45°; 256 axial slices/
resolution = 1 mm3). T2*- weighted echo planar imaging data were collected for 185 points
(repetition time = 2 seconds; echo time = 30 milliseconds; bandwidth = 128 kHz; matrix =
64 x 64; field of view = 220 mm; flip angle = 90°; in-plane resolution = 3.438 x 3.438mm;
slice thickness = 3.40 mm; 42 axial slices covering the whole brain). The first 5 frames were
excluded to allow for steady-state magnetization, resulting in 180 total whole-brain volumes.
Throughout the scan, a white fixation cross on a black background was displayed in the
center of a screen. Participants were instructed to simply keep their eyes on the fixation
Cross.

Data Preprocessing

Field map correction for functional images was performed to remove distortions resulting
from magnetic field inhomogeneity. Preprocessing was then conducted using Analysis of
Functional Neurolmages.34 Functional data were slice-time corrected, motion corrected by
aligning to the first time point, coregistered to the anatomical image, and standardized to the
N27Colin brain template in Talairach space.3> Head motion was estimated by first
computing the sum of squared differences between successive time points, as detected in
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spatial realignment of functional images. Then, the root mean square of this displacement
was obtained to describe the total motion. The average total motion was 0.078 mm for the
TD group and 0.104 mm for the ASD group, and this difference was not significant (t; 3g =
0.79, P =.27). Blood oxygen level-dependent signal spikes (SD >2.5) were replaced with an
average of the time points before and after using 3dDespike in Analysis of Functional Neuro
Images. There was no group difference in the number of signal spikes and replaced time
points. The resulting images were smoothed with an isotropic Gaussian smoothing kernel at
10 mm full-width at half-maximum, slightly below the 12 mm full-width at half-maximum
implemented in previous ICA studies?2:23 (eAppendix in Supplement provides further
technical details).

Independent Component Analyses

Temporal concatenation—group ICA was performed with voxelwise variance normalization
using Melodic version 3.0,2% implemented in the Functional MRI of the Brain Software
Library.36:37 We used 2 ICA approaches: (1) fixed dimensionality estimation (FDE) with
model order set at 20 components and (2) automated dimensionality estimation (ADE).
Fixed dimensionality estimation (limited to 20 components) was first performed for the TD
group to cross-validate our ICA results with those reported in previous studies
inTDadults,22:23 which had equally set model order at 20 components. Following this first
pass analysis, ICA was performed for 20 iterations separately for each group and the spatial
components estimated from all iterations within the group were concatenated. Then, to
extract the most consistent spatial components across all iterations within the group,?2 ICA
was executed (without variance normalization) on the concatenated results using the same
model order (ie, 20; eAppendix in Supplement provides further technical explanations).

Data-driven methods for automated selection of model order—such as the Laplace
approximation to the model evidence, the Bayesian information criterion, or the Akaike
information criterion—have been shown to be reliable in estimating the latent
dimensionality and could thus be superior to arbitrarily chosen model orders.38:39 Therefore,
temporal concatenation—group ICA was performed using the same 20-iteration procedure as
previously described to obtain consistent spatial components, but with ADE using the
Laplace approximation to the Bayesian evidence, implemented in Melodic.3? The ADE
procedure reduced the data to 86 dimensions for the TD group and 55 dimensions for the
ASD group.

For both FDE and ADE analyses, components were spatially correlated with those from
previous ICA studies?223 at a threshold of r > 0.3 (P < .001), which is more conservative
than the threshold used by Smith and colleagues.22 Additional spatial comparisons were
performed to assess whether any ADE components were subcomponents of those detected in
the FDE analysis. Any such potential ADE components were combined and then spatially
correlated with the corresponding FDE component.

The spatial and temporal aspects of the resultant components from each run (FDE and ADE)
in each group (TD and ASD) were visually inspected, and artifactual components were
excluded from further analyses, following procedures detailed by Kelly et al.*C Moreover,
components with less than 80% of voxels located in graymatter were also considered noise
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and excluded (eAppendix in Supplement provides technical details). Each resulting
component from each run (FDE and ADE) was matched between the TD and ASD groups
using a highly conservative spatial correlation matching criterion of r > 0.5 for all voxels
with positive intensities across the whole brain.

To determine group differences, the dual regression procedure was used to obtain single-
subject-level spatial components from group-level spatial component.#1:42 Dual regression
involves 2 sequential steps: (1) an estimate of the time series corresponding to the group-
level ICA maps for each participant and (2) regression of the estimated time series for each
component on the individual’s resting-state data. Hemispheric masks were then applied to
determine the average intensity of the component for each hemisphere. The cerebellum was
excluded from this mask because of its mostly crossed connectivity with the cerebrum
(eFigure 1 in Supplement provides illustration of the analysis pipeline).

An asymmetry index (right — left)/(right + left) was calculated for each participant and each
component using the average beta scores extracted from the dual regression step for all
voxels with positive intensities per hemisphere (eAppendix in Supplement). Permutation
tests (10 000 iterations)were performed to test for differences between the TD and ASD
groups, while controlling for age. Pearson correlation analyses were conducted in the ASD
group for component-specific asymmetry indices and 1Q and diagnostic scores (as listed in
the Table).

Independent component analysis was first performed on the data from the TD group with
FDE set to 20 to determine whether results from the present study corresponded to the
components reported by 2 previous studies in TD adults.?223 Nine of the 10 components
reported by Smith and colleagues2? were matched in the FDE analysis (r > 0.3, P < .001).
Of the 20 components reported by Laird and colleagues,?3 15 FDE components could be
matched at the same threshold. A perfect correspondence was not expected since the present
study included younger TD participants whose brain organization had not fully reached
maturity.

The components from the FDE analyses were categorized as either true-signal or noise
components, as just described. In the TD group, 16 true-signal components and 4 noise
components were found. Fixed dimensionality estimation analysis in the ASD group yielded
15 true-signal components and 5 noise components. Thirteen true-signal components were
spatially matched (r > 0.5) between groups. Of these, 7 components—which matched those
described by Smith et al?2 and Laird et al23 as frontoparietal, visual, executive control,
auditory, and sensorimotor components—exhibited significant differences in hemispheric
asymmetries (eFigure 2 in Supplement).

A subsequent ICA analysis was performed with automated dimensionality estimation, first
on data from the TD group. To analyze the relationship between this ADE run and the FDE
run, components from each run were matched through spatial correlations (r > 0.3,P <.001).
When multiple ADE components matched one FDE component, they were combined to test
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whether they were subcomponents of the larger FDE component. For example, ADE
components in panels C and K in the Figure were found to be subcomponents of the FDE
component in panel B in eFigure 2 in Supplement. Similarly, ADE components in panels B
and I in the Figure were subcomponents of the FDE component in panel D in eFigure 2
(Supplement). In each case, the composite ADE components could be matched to
corresponding FDE components using a conservative spatial correlation threshold (r > 0.5, P
<.001). Once good correspondence between ADE and FDE components was established for
the TD group, an ADE analysis was performed on the ASD group.

Components from the ADE analyses were categorized as either true-signal or noise
components. In the TD group, 41 true-signal components and 45 noise components were
identified. In the ASD group, 30 true-signal components and 25 Noise components were
found. Dual regression was used to obtain single-subject-level spatial maps,*142 and
asymmetry indices were calculated. Seventeen true-signal components were spatially
matched between groups (r > 0.5, P < .001). Of these, 10 components exhibited significant
differences in hemispheric asymmetry (Figure; eFigure 3 in Supplement provides additional
components with no group differences). All of these 10 components were characterized by
significantly higher asymmetry indices in the ASD group, reflecting rightward shifts of
asymmetry. This pattern of consistent rightward shifts in ASD could also be confirmed for
FDE components. As described above, 9 of 13 matched true-signal FDE components
showed significant group differences in asymmetry indices. Each of these 9 had higher
asymmetry indices in the ASD group, indicating greater rightward asymmetry (eFigure 2 in
Supplement).

Finally, correlational analyses were performed for exploratory purposes between asymmetry
indices and diagnostic and 1Q scores in the ASD group. A large number of comparisons
were performed and none of the correlations (shown in eFigure 4 in Supplement) achieved
the significance level (P < .0005) that would have survived full correction. With the
necessary extreme caution, we noted correlation coefficients r > 0.5 for rightward
asymmetry of right frontoparietal?2-23 component C (which was bilateral in the TD group)
and lower symptom severity on Autism Diagnostic Interview social and communication
scores, and for leftward asymmetry of component J (which was left dominant in both
groups) and lower symptom severity on Autism Diagnostic Interview communication
scores. Correlation coefficients at r > 0.5 were also seen for leftward asymmetry of left
frontoparietal?223 component H (which was left lateralized in the TD group, but bilateral in
the ASD group) and higher verbal 1Q scores, and for leftward asymmetry of component J
(which was left dominant in both groups) and full-scale 1Q scores.

Discussion

The present study used data-driven ICA of resting-state fMRI data for a comprehensive
investigation of hemispheric asymmetry in adolescents with ASD. We detected a general
trend toward rightward asymmetry of multiple functional brain systems in ASD. Thus, our
findings go well beyond previously reported language-related functional and anatomical
findings of increased rightward asymmetry®:8-10.1243 and reduced leftward asymmetry#4.45
in ASD compared with TD groups. In the present study, hemispheric a symmetries were
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detected in components thought to be implicated in auditory, visual, sensorimotor,
executive, attentional, and visuospatial processing.

Studies of hemispheric asymmetries in ASD have typically focused on language
processing,1046 and many of these studies have reported aberrant right dominance of
activations in auditory cortex.247-50 The present study detected an ICA component (Figure,
D) considered to represent an auditory network.22 This component, which incorporated
auditory cortices, was characterized by leftward asymmetry in the TD group but
significantly greater participation of the right hemisphere in the ASD group, consistent with
previous reports. These abnormal asymmetry findings may be of interest in the context of
impaired auditory processing in ASD,% which may in turn contribute to language and
sociocommunicative impairments.

However, aside from atypical language-related asymmetries, which had been previously
reported, we also detected abnormal asymmetries for many components related to other
functional domains. The differences in hemispheric asymmetries we detected for
sensorimotor components suggest that atypically enhanced engagement of the right
hemisphere in ASD is not limited to domains of higher complex cognition. One component
that included motor and somatosensory cortices (Figure, E) was mildly left dominant in the
TD group, whereas asymmetry indices showed significantly greater participation of the right
hemisphere in the ASD group. Another component (Figure, F), which included premotor
and superior parietal regions, was also weakly left dominant in the TD group, again with
significantly higher asymmetry scores in the ASD group, reflecting greater right hemisphere
involvement. Such atypical rightward shifts of asymmetry for sensorimotor components is
notable in the context of findings from behavioral and neuroscientific studies showing
atypical sensory®2 and motor®3 processing in ASD.

Group differences in hemispheric specialization were also detected for 3 components
(Figure, A, B, and 1) that incorporated primary, as well as extrastriate, visual cortices and
were, therefore, attributed to visual and visuospatial processing.22:23 Components Band |
were both weakly left dominant in the TD group, but bilateral to weakly right dominant in
the ASD group, with significant differences in asymmetry indices (Figure). Visuospatial23
component A was nominally bilateral in both groups (based on asymmetry thresholds
applied in the Figure), but asymmetry indices were again significantly higher in the ASD
group, reflecting greater right hemisphere involvement. While atypical visual functioning,
including impairments and islands of superior abilities, has been observed in many ASD
studies,>*5 few of these have examined hemispheric specialization for visual information
processing in ASD (see review by Simmons et al>6). Therefore, possible links between
asymmetry and atypical visual processing in ASD remain an open question.

We further identified a component attributed to executive functions,22 which incorporated
large portions of dorsolateral prefrontal and frontopolar cortices (Figure, G). While this
component was overall bilateral in both groups, asymmetry indices were significantly higher
in the ASD group, reflecting greater right hemisphere participation. This component also
extended into medial prefrontal cortex in the ASD (but not the TD) group, consistent with
findings of atypical activation in medial prefrontal cortex for executive tasks.®’ In
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combination with our ICA finding, this is notable given that medial prefrontal cortex in the
neurotypical brain is crucially involved in mentalizing abilities, known to be impaired in
ASD.58:59 Of interest in the context of atypical asymmetry for component Gare also reports
of deficits in executive functioning from behavioral studies of ASD.60

The frontoparietal components identified in our study (Figure, C, H, and K) provided further
insight into atypical hemispheric asymmetries in ASD. Frontoparietal components were the
only components that ICA consistently separated into distinct left and right lateralized
networks in the FDE analysis (eFigure 2B and F in Supplement). This separation into
distinct unilateral frontoparietal components is in agreement with findings in healthy
adults?223 and stands in contrast to other ICA components that were either bilateral or
showed partial hemispheric asymmetry, without being accompanied by a separate
component with mirrored asymmetry. Smith and colleagues?2 consider the right
frontoparietal network to be related to perception, somesthesis, and pain, whereas they
attribute the left frontoparietal network to cognition and language. In our ADE analysis, ICA
separated the right frontoparietal FDE component (eFigure 2B in Supplement) in the TD
group into 2 separate components (Figure, C and K). Both components Cand K had strong
representation in the right hemisphere in the TD group, but were significantly more right
lateralizing in the ASD group. Component H—a strongly left lateralized frontoparietal
component in the TD group—was matched to a frontoparietal component with extensive
additional recruitment of the right hemisphere in the ASD group (Figure). Consistent with
the overall pattern of results in our study, these frontoparietal components thus displayed
significant rightward shifts of asymmetry in the ASD group.

Atypical asymmetries in frontoparietal networks may be of importance with respect to
executive impairments (as discussed above), as well as attentional abnormalities, which have
been observed in ASD.61.62 Our findings may also relate to a recent hypothesis of specific
impairments in frontoparietal connectivity in ASD by Just and colleagues.53 As reviewed by
these authors, a number of previous studies have reported such frontoparietal functional
under connectivity in ASD associated with reduced activation in frontal regions, but
enhanced activation in parietal regions, for a variety of tasks. While any possible links
between frontoparietal connectivity and asymmetry findings remain to be further
investigated, it is remarkable that in most of these studies, frontoparietal under connectivity
was linked to smaller size of the corpus callosum, suggesting impaired inter hemispheric
communication in ASD, which may relate to atypical asymmetries observed here.64

Notably, in all 10 of the networks with significant group differences in asymmetry, these
differences were driven by rightward asymmetry shifts in the ASD group, reflecting reduced
participation of the left hemisphere or increased participation of the right hemisphere (or
both). This was observed for sensorimotor, as well as cognitive, networks, indicating that
atypical functional rightward asymmetrymay be a pervasive feature of brain organization in
ASD. Thus, our findings go far beyond existing evidence and show that atypical asymmetry
is not exclusively tied to language-related functional networks (although our findings for
networks D and H also support existing evidence). Furthermore, since our ASD group had a
mean verbal 1Q in the normal range, our findings suggest that atypical asymmetries are not
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solely found in children with ASD who have language impairment, as suggested in some
previous studies.>11

Hemispheric asymmetry is a fundamental feature of human brain organization. Differences
in the columnar organization between hemispheres support an early-onset specialization of
the left in fast temporal analysis of auditory and other sensory information.6> Although
asymmetries in gene transcription in human embryonic brains have been identified,®® the
molecular bases of hemispheric asymmetries are not fully understood.87:68 However, our
current results may be related to gene expression findings from ASD post mortem brains,
suggesting abnormalities in genes regulating the development of left-right asymmetries, 4
which may indicate that atypical asymmetries reflect early-onset and possibly causative
abnormalities in ASD. This is also supported by recent imaging findings showing atypical
rightward asymmetry of receptive language activity in infants with ASD.59 It remains,
however, unclear how our findings relate to atypical functional connectivity inASD,24 in
particular, how impaired functional’%71 and anatomical’2 interhemispheric connectivity
may be linked to rightward asymmetry shifts.

We also explored potential links with diagnostic and 1Q scores. Given the large number of
comparisons performed, none reached significance after Bonferroni correction. While it may
be noted that in a few cases asymmetry of frontoparietal components accounted for more
than 25% of the variance of diagnostic and 1Q scores, it is obvious that symptom severity is
affected by numerous other developmental factors (biological, environmental,
pharmaceutical, and treatment related).

Some potential limitations should be noted. First, since detection of asymmetry differences
between groups relied on accurate spatial matching of the ICA components, we applied
highly conservative quantitative matching criteria. Nonetheless, the higher number of
components for the TD group detected in the ADE analysis was remarkable. This was partly
driven by a greater number of true-signal components in the TD group, which is consistent
with recent findings of reduced cortical functional differentiation in ASD73:74 as
specialization and differentiation will be associated with a greater number of independent
components. Second, no fully quantitative method for removal of noise components in ICA
is currently available. We applied established procedures®? with an added quantitative gray
matter criterion. Inspection of all components from the FDE analysis (eFigure 2 in
Supplement) indicates that the pattern of our findings did not reflect misclassification (eg,
erroneous classification of strongly left lateralizing components in the ASD group as noise).
Finally, only high-functioning children and adolescents with ASD were included in this
imaging study because low-functioning children (with full-scale 1Qs below70) cannot
usually hold still during MRI scanning. The specific findings from this study may therefore
not fully apply to low-functioning segments of the ASD population.

In conclusion, while a number of neuro imaging studies have assessed atypical lateralization
in ASD, they have almost exclusively focused on language. Using a data-driven ICA
approach, we identified a large number of components with atypical a symmetry, including
components related to sensorimotor, visual, executive, attention, and language functions.
Without exception, for components in all of these domains, asymmetry was shifted toward
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the right hemisphere in the ASD group. The results of our study suggest that atypical
rightward asymmetry may be a general feature of brain organization in ASD, affecting many
different functional brain systems.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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In each panel, the typically developing component is shown at the top and the matched

autism spectrum disorder (ASD) component at the bottom (with spatial correlation

coefficient shown on the left). Next to the group labels are the group asymmetry indices. P
values are derived from between-group permutation tests of asymmetry indices controlling
for age. The matching of components to those from previous studies is abbreviated as: mtL,
matched to Laird et al, 2223 and mtS, matched to Smith et al.22 A, Component involving
visuospatial processing and reasoning (mtL); B, lateral visual area component (mtS); C,

right frontoparietal component (mtL and mtS); D, auditory component (mtS); E and F,
sensorimotor components (mtL and mtS); G, executive component (mtS); H, left
frontoparietal component (mtL and mtS); I, lateral visual area component (mts); J,

unmatched component (neither mtL nor mtS); and K, right frontoparietal component (mtL
and mtS). Note that a single ASD component was matched to 2 separate TD components,
shown in panels C and K. All images shown in neurological convention (left side is left
hemisphere). Asymmetry index (Al) labels defined as follows: B indicates bilateral (Al:
-0.1t0 0.1); L, left lateralized (Al < -0.3); (L), weakly left lateralized (Al: 0.3 to -0.1); R,

right lateralized (Al > 0.3); and (R), weakly right lateralized (Al: 0.1 to 0.3).
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Table
Participant Characteristics
Autism Spectrum Disorder (n = 20), Mean Typically Developing (n = 20), Mean P Value (Between-
(SD) [Range]® (SD) [Range] Group t Test)

Sex, No.

Male 19 18

Female 1 2
Handedness, No.

Left 3 3

Right 17 17
Age, y 14.6 (2.2) [9.2-18.7] 14.7 (1.6) [12.1-17.9] 89
1Q

Nonverbal 112 (16) [70-140] 109 (12) [77-129] 53

Verbal 112 (15) [87-147] 105 (11) [83-126] 15

Full scale 114 (14) [96-141] 108 (11) [78-126] 15
ADOS

Social 7.2 (2.9) [3-13]

Communication

3.1 (2.0) [0-9]

Repetition 1.9 (1.2) [0-4]
ADI
Social 15.6 (6.6) [0-24]

Communication

11.5 (7.0) [0-25]

Repetition

5.2 (2.6) [0-11]

Abbreviations: ADI, Autism Diagnostic Interview; ADOS, Autism Diagnostic Observation Schedule.

a . . S . . . A -
Participants had autistic disorder (n = 6), Asperger’s disorder (n = 12), or pervasive developmental disorder not otherwise specified (n = 1).

Diagnostic subclassification was unavailable for 1 participant. Medication information for 4 participants with autism spectrum disorder is provided

in the Supplement.
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