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Abstract

BACKGROUND—Functional magnetic resonance imaging research on autism spectrum
disorders (ASDs) has been largely limited to individuals with near-average intelligence. Although
cognitive impairment is common in ASDs, functional network connectivity in this population
remains poorly understood. Specifically, it remains unknown whether lower-functioning
individuals exhibit exacerbated connectivity abnormalities similar to those previously detected in
higher-functioning samples or specific divergent patterns of connectivity.

METHODS—Resting-state functional magnetic resonance imaging data from 88 children (44
ASD, 44 typically developing; average age: 11 years) were included. Based on 1Q, individuals
with ASDs were assigned to either a lower-functioning group (mean 1Q = 77 + 6) or a higher-
functioning group (mean 1Q = 123 + 8). Two typically developing comparison groups were
matched to these groups on head motion, handedness, and age. Seeds in the medial prefrontal
cortex, posterior cingulate cortex, posterior superior temporal sulcus, insula, and amygdala were
used to contrast whole-brain functional connectivity across groups.

RESULTS—Lower-functioning ASD participants (compared with higher-functioning ASD
participants) showed significant underconnectivity within the default mode network and the
ventral visual stream. Higher-functioning ASD participants (compared with matched typically
developing participants) showed significantly decreased anticorrelations among default mode,
salience, and task-positive regions. Effect sizes of detected differences were large (Cohen’s >
1.46).

CONCLUSIONS—Lower- and higher-functioning individuals with ASDs demonstrated distinct
patterns of atypical connectivity. Findings suggest a gross pattern of predominantly reduced
network integration in lower-functioning ASDs (affecting default mode and visual networks) and
predominantly reduced network segregation in higher-functioning ASDs. Results indicate the need
for stratification by general functional level in studies of functional connectivity in ASDs.

Keywords

Autism spectrum disorder; Functional MRI; Intelligence; Low-functioning autism; Neural
networks; Neuropsychiatry

Functional magnetic resonance imaging (fMRI) research on autism spectrum disorders
(ASDs) has primarily focused on samples of individuals with full-scale intelligence quotient
(FSIQ) scores around or above average. Unfortunately, such samples misrepresent the true
distribution of cognitive abilities in this population (1). The Centers for Disease Control and
Prevention (2) estimates that 31% of individuals with ASDs have an intellectual disability
(1Q < 70), with an additional 23% functioning in the borderline range [71 < FSIQ < 85 (3)].
However, only a small proportion of ASD cases (roughly 11%, and even fewer when
considering data quality) in the Autism Brain Imaging Data Exchange (ABIDE | and 1)
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obtained FSIQ scores < 85 (4,5). Imaging research in lower-functioning individuals is a
pressing priority for public health (6). Although this segment of the autism spectrum
population experiences the most significant impairments, little is known about specific brain
anomalies associated with a low general level of functioning in ASDs. Moreover, theories
attempting to characterize the neural abnormalities contributing to ASDs are likely
incomplete if derived from studies of unrepresentative higher-functioning samples. Inclusion
of more representative samples may allow for stronger theory-driven hypotheses in future
research.

Resting-state fMRI (rsfMRI) is widely used to study brain function in the absence of an
explicit task. rsfMRI detects intrinsic (task-independent) low-frequency fluctuations of the
blood oxygen level-dependent signal that are synchronized within functional brain networks
(7,8). One advantage of rsfMRI in the study of lower-functioning ASD (L-ASD) individuals
is the absence of any task-related confounds (e.g., engagement, performance). However,
obtaining high-quality rsfMRI data from this population is challenging because even
submillimeter amounts of motion may confound detected blood oxygen level-dependent
signal correlations (9). L-ASD individuals are often apprehensive of the scanning
environment and may struggle to remain still during scans (10,11), especially in the absence
of a distracting video or task (12). While improved behavioral protocols combined with
advanced MRI sequences can lead to higher success rates in data acquisition (10,11), data-
sharing initiatives remain essential for obtaining samples with sufficient statistical power in
this population.

Atypical functional connectivity has been detected in many fMRI studies of ASDs (13,14).
However, to our knowledge, no previous intrinsic functional connectivity (iFC) studies have
focused specifically on L-ASD individuals. We selected five regions of interest commonly
linked to atypical connectivity in the ASD iFC literature as seed regions for iFC analyses
(13). Atypical connectivity of the default mode network (DMN) in ASDs has been widely
reported (15), with many studies showing underconnectivity between anterior (medial
prefrontal cortex [MPFC]) and posterior (posterior cingulate cortex [PCC]) midline hubs of
the DMN in ASDs (16-22). The DMN is a task-negative network that is active during rest
and deactivated during tasks requiring directed attention (23). Anticorrelation between task-
negative DMN and task-positive networks marks higher cognitive function in typically
developing (TD) populations (24) and is attenuated in many clinical disorders, including
ASDs, depression, and neurodegenerative disease (23,25,26). Notably, diminished
anticorrelation between task-positive networks and task-negative networks has been reported
during tasks (27) and at rest (28) in ASDs. The anterior insula, a key hub of the salience
network (SN), has been found to coordinate switching between task-positive networks and
task-negative networks in TD individuals (29)—a mechanism that may be affected in ASDs
(30). The amygdala (31) and posterior superior temporal sulcus (32) have also been
considered of key relevance in ASDs. The amygdala has been implicated in abnormal face
processing (33), sensory sensitivity (34), and negative valence (35). Atypical anatomical
development and functional connectivity of the posterior superior temporal sulcus (pSTS)
have been linked to impaired social cognition in ASDs (36-38).
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The current study aimed to take a first step toward filling the large gap in the neuroimaging
literature on iFC in L-ASD. The extensive iFC literature on ASDs has not generated a clear
picture of the relationship between cognitive abilities and iFC, with only few published
studies directly examining FSIQ-related effects. For example, Anderson et al. (39) used
machine learning to build a diagnostic classifier (including DMN regions, superior parietal
lobule, fusiform gyrus, and anterior insula), which was significantly correlated with verbal
(but not performance) 1Q. However, in a much larger sample (V= 964, mean performance
IQ = 106), Nielsen et al. (40) presented a classifier (involving similar regions) that showed
only weak correlation with verbal 1Q (r=-.07) and performance 1Q (r= -.03). FSIQ has
predominantly been studied as a nuisance variable in studies of individuals of near-average
FSIQ [e.g., (21,41), both reporting no 1Q effects on results].

In samples predominantly including individuals with near-average FSIQ, effects of general
level of cognitive functioning may remain undetected, especially given numerous other
factors of variability related to etiological heterogeneity, demography, and treatment history.
In the current study, we therefore opted to contrast the tails of the FSIQ distribution in
available ASD datasets—that is, participants with FSIQs < 85 and > 115 [1 SD below and
above the mean (3)]—to better isolate links between general functional abilities and
functional network connectivity in ASDs.

To help understand iFC differences between the L-ASD and higher-functioning ASD (H-
ASD) groups, we also tested these groups against suitable TD comparison groups (with
differing FSIQ levels). In the absence of previous findings to guide predictions, a default
hypothesis was that connectivity patterns differentiating ASD from TD samples would be
aggravated in L-ASD participants. However, we also anticipated the possibility of distinctive
patterns of atypical iFC found only in L-ASD (but not H-ASD) participants. Such insight
into differing iFC patterns could ultimately inform targeted interventions for more severely
affected individuals with ASDs.

METHODS AND MATERIALS

Participants

Participants were 88 (44 ASD and 44 TD) children and adolescents, aged 6 to 15 years,
selected from in-house data and two other sites contributing to ABIDE 1l (4). Participants
were split into four groups, each comprising 22 individuals: L-ASD, H-ASD, A-TD (average
FSIQ TD), and H-TD (higher-FSIQ TD). Participant demographics are shown in Table 1.
For in-house data (n7=9 per group), ASD diagnosis was confirmed using expert clinical
judgment in conjunction with the Autism Diagnostic Observation Schedule, Second Edition
(42,43) and the Autism Diagnostic Interview—Revised (44). Diagnostic labels from the
ABIDE databases were retained. Inclusion criteria for ABIDE sites were 1) contribution of
>5 L-ASD individuals in the eligible age range with usable anatomical and rsfMRI data (see
details below) and 2) rsfMRI data acquired while participants’ eyes were open [given effects
of eye status on iFC (45)]. Only two sites from ABIDE Il [and none from ABIDE I (5)] met
these criteria: New York University, group 1 (r7= 7 per group), and Oregon Health and
Sciences University (/7= 6 per group). All ASD individuals from these sites with usable
rsfMRI data and FSIQ < 85 were included in the L-ASD group. The H-ASD, H-TD, and A-
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TD groups were matched to the L-ASD group on age, gender, handedness, and head motion.
To minimize potential effects of scanning site, all groups were also matched for age and
motion within individual sites (Supplemental Tables S1-S3). Participants in the H-ASD and
H-TD groups had FSIQ = 115, but due to matching constraints, 3 of 22 ASD participants
and 4 of 22 TD participants with slightly lower scores (between 106 and 114) needed to be
included. FS1Q matching could not be reasonably implemented for the L-ASD group
because individuals with FSIQ < 85 might not be considered “typically developing” (46).
Therefore, an A-TD group was included for further comparison, and a secondary analysis
controlling for FSIQ was performed for the contrast of this group with the L-ASD group.
This strategy is common in the study of developmental disorders that negatively affect FSIQ
such as fetal alcohol syndrome (47).

Ethical Considerations—The in-house study was approved by the San Diego State
University and University of California, San Diego, Institutional Review Boards, and all
participants provided informed consent to partake in this research. See Supplemental Table
S4 for a description of MRI scanning parameters at each site.

rsfMRI Preprocessing

The first five volumes of each resting-state scan were discarded for T1 equilibration. Images
were preprocessed using AFNI (48) (http://afni.nimh.nih.gov) and FSL 5.0 (49) (http://
www.fmrib.ox.ac.uk/fsl) suites. In-house rsfMRI data were field map corrected and slice
time corrected, and all data were motion corrected and resampled to Montreal Neurological
Institute (MNI) 152 3-mm isotropic standard space using FSL’s FLIRT (functional to
anatomical) and FNIRT (anatomical to standard) normalization tools. Images were spatially
smoothed to a global full width at half maximum of 6 mm and temporally smoothed using a
bandpass filter of .008 < 7< .08 Hz. Subject-level regression of 16 nuisance variables was
performed for denoising. Regressors included six rigid body motion parameters estimated
during motion correction and mean time series from white matter and ventricular
cerebrospinal fluid masks obtained from FSL’s FAST, eroded by one voxel, each with a first
derivative. All 16 nuisance regressors were bandpass filtered using the same second-order
Butterworth filter (.008 < < .08 Hz) (50) used for temporal smoothing of the functional
images. In addition, individual volumes with framewise displacement > .5 mm were
censored. Time-series segments with <10 contiguous time points after censoring were also
removed. Only participants with at least 80% of volumes retained after censoring were
included in analyses, except for one participant (79% retained volumes), whose data were
retained for matching purposes. All four groups were well matched on root mean square
displacement, a summary measure of motion throughout the scan (Tables 1 and 2).

Seeds

Left and right amygdala masks were created using the Harvard—Oxford subcortical atlas and
thresholded at 50% probability. Location and volume of other seeds was determined based
on relevant literature (as cited). Left and right anterior insula seeds were 8-mm-radius
spheres centered around MNI coordinates (x = £39, y = 23, z = —4) (51). Left and right
pSTS seeds were 10-mm-radius spheres centered at MNI coordinates (x = +47,y = 60, z =
4) (37). DMN seeds (mPFC and PCC) were 6-mm-radius spheres centered around MNI
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coordinates (x =0, y =50, z=0 [mPFC]) and (x = -6, y = =50, z = 36 [PCC]) located in the
anterior and posterior DMN midline nodes, as identified by independent component analysis
of a sample of nearly 30,000 human subjects (52).

Statistical Analysis

We tested for differences in whole-brain functional connectivity across four contrasts of
interest (Supplemental Figure S1): 1) L-ASD versus H-ASD, 2) L-ASD versus A-TD, 3) H-
ASD versus H-TD, and 4) A-TD versus H-TD. This design was implemented to address the
guiding question of this study: is atypical iFC simply more pronounced in L-ASD than in H-
ASD, or do individuals with L-ASD show distinct patterns of iFC?

Mean time series were extracted from the mPFC, PCC, bilateral pSTS, bilateral amygdala,
and bilateral insula and were correlated with all other voxels in the brain for each participant
(Supplemental Figure S2a—h). Across comparison groups, differences in iFC between the
seed region and all other brain voxels were examined using t tests implemented by AFNI’s
3dttest++. A gray matter mask was used to constrain all analyses to gray matter, cerebellum,
and brainstem (excluding white matter and cerebrospinal fluid). We controlled for type |
error in accordance with recent recommendations (53) addressing concerns regarding
inflated false-positive rates in fMRI research (54). A voxelwise threshold for significance
was set at a <.005, and the additional cluster size thresholds (number of contiguous
significant voxels) were determined using permutation testing with AFNI’s 3dttest11
function and the Clustsim argument (Supplemental Table S5).

RESULTS

We found significant iFC differences for the contrasts L-ASD versus H-ASD, L-ASD versus
A-TD, and H-ASD versus H-TD but not for A-TD versus H-TD (Table 3 and Figure 1).
Overall, significant findings were robust across the three scanning sites, and inclusion of a
site covariate did not change the results presented below. No significant iFC differences
were detected for the amygdala seeds. See Supplemental Figures S2 to S4 for group-average
connectivity maps for all seeds (Supplemental Figure S2a—h), scatterplots illustrating data
results by site (Supplemental Figure S3a—c), and scatterplots depicting connectivity across
all four groups for clusters of significant group differences (Supplemental Figure S4a—c).

Contrast 1: H-ASD Versus L-ASD

Compared with the H-ASD group, the L-ASD group showed significant underconnectivity
between the mPFC seed and precuneus/posterior cingulate gyrus (Figure 1). However,
within the L-ASD group, no corresponding correlation between FSIQ and functional
connectivity was detected in post hoc analysis. Underconnectivity was also observed
bilaterally between the pSTS seeds and pericalcarine cortex. These effects were significant
with and without controlling for symptom severity (Autism Diagnostic Observation
Schedule, Second Edition, total score) (see Supplemental Figure S5). No inverse effects of
significantly increased connectivity in the L-ASD group were detected.

Biol Psychiatry Cogn Neurosci Neuroimaging. Author manuscript; available in PMC 2020 May 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reiter et al. Page 7

Contrast 2: L-ASD Versus A-TD

The L-ASD group showed mPFC overconnectivity with pericalcarine cortex compared with
A-TD participants, who showed mostly negative correlations between these regions. This
group difference remained significant after controlling for FSIQ (Supplemental Figure S6).
Because this result spatially overlapped with the underconnectivity cluster for the pSTS
seeds in contrast 1, we tested the correlation between the two effects in the L-ASD group.
Pearson correlation showed no association (r=-.142, t=-0.63, p=.54).

Contrast 3: H-ASD Versus H-TD

Compared with the H-TD group, the H-ASD group showed significantly greater
connectivity between the PCC and right superior frontal gyrus (SFG), right anterior insula,
and left crus | of the cerebellum. However, within the H-ASD group, no corresponding
correlations between FSIQ and these functional connectivity patterns were detected post
hoc. Significant group differences in iFC between the PCC and right SFG and left crus |
reflected a shift from mostly negative to mostly positive connectivity in the H-ASD group
compared with the H-TD group. Group differences in iFC between the PCC and right insula
were driven by mostly negative iFC in the H-TD group but near-zero iFC scores in the H-
ASD group.

Post Hoc Analyses

H-ASD Versus A-TD—Because in the main contrasts the two ASD groups were compared
with different TD groups, we performed a supplementary analysis contrasting the H-ASD
group with the A-TD group (the same TD group as in contrast 2). Unlike the mPFC—-
pericalcarine overconnectivity observed in the L-ASD versus A-TD comparison, the H-ASD
group showed mPFC overconnectivity with the right inferior frontal gyrus extending into the
insular cortex (Supplemental Figure S7).

Interactions With Symptom Severity—\We investigated whether seed-to-whole-brain
functional connectivity related differently to ASD symptom severity (Autism Diagnostic
Observation Schedule, Second Edition, total scores) in the L-ASD versus H-ASD groups.
We found no significant interactions in the relationship between symptom severity and seed-
to-whole-brain functional connectivity in the L-ASD versus H-ASD groups.

Age Effects—L.inear regression showed no significant relationships between age and
functional connectivity between the regions presented above across the entire sample
(Supplemental Table S6). In addition, there were no age by diagnosis (ASD vs. TD) or age
by functioning level (H-ASD vs. L-ASD) interactions with functional connectivity
(Supplemental Tables S7 and S8).

DISCUSSION

Although hundreds of imaging studies have examined intrinsic functional connectivity in
individuals with ASDs with average or above-average intelligence, no systematic research
on lower-functioning segments of the ASD population is available. The current study has
taken a first step toward filling this knowledge gap by examining a multisite sample of

Biol Psychiatry Cogn Neurosci Neuroimaging. Author manuscript; available in PMC 2020 May 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reiter et al. Page 8

exclusively lower-functioning individuals (FSIQ < 85). Our primary research question,
whether L-ASD individuals would simply show more severe forms of the same regional
patterns of atypical iFC as seen in higher-functioning individuals (H-ASD), could be
answered in the negative. In fact, L-ASD participants showed extensive differences in iFC,
for several seed regions, in direct comparison with the H-ASD group. Moreover, the L-ASD
and H-ASD groups showed distinct patterns of atypical connectivity with the mPFC
compared with an A-TD group. Finally, in comparison with the FSIQ-matched H-TD group,
the H-ASD group showed overconnectivity for the PCC and right insula in regions that
showed more neurotypical levels of iFC in the L-ASD group (Supplemental Figure S4c).
These findings strongly suggest that L-ASD is characterized by distinctive patterns of
atypical network organization rather than simply more of the same abnormalities detected in
the many previous studies with mostly higher-functioning participants.

In the L-ASD group, atypical connectivity of lower-order visual cortex was remarkable.
Compared with the H-ASD group, L-ASD individuals exhibited underconnectivity within
parts of the ventral visual stream and the DMN, suggesting reduced network integration in
lower-functioning individuals. However, compared with the TD groups, both ASD groups
exhibited internetwork overconnectivity, albeit across different networks. L-ASD individuals
exhibited overconnectivity between the DMN and visual regions, whereas the H-ASD group
showed overconnectivity between the DMN and SN as well as task-positive regions.
Notably, the H-ASD group exhibited mostly diminished anticorrelations compared with H-
TD individuals (indicating reduced network segregation) between these networks. Our
results also indicate that iFC of lower-order visual cortex is affected in different ways in
lower-functioning versus higher-functioning children with ASDs (Supplemental Figure S4a).

In contrast, no significant differences in iFC were found between the two TD groups that
differed on FSIQ. FSIQ relationships with iFC, especially involving frontoparietal regions,
have been reported for larger samples of TD children [e.g., (55)]. In the current study, which
included only smaller TD samples that primarily served as comparison groups with ASD
samples, an expected trend toward stronger anticorrelations between the right SFG (part of
task-positive frontoparietal network) and PCC (task-negative DMN hub) in the H-TD group
compared with the A-TD group was observed. Remarkably, this trend was reversed in ASD,
with higher mean iFC in H-ASD samples than in L-ASD samples (Supplemental Figure
S4c). The overall pattern of findings further supports the conclusion that a lower general
level of functioning in ASDs may be associated with specific alterations in brain network
organization.

DMN Underconnectivity in Lower-Functioning Children With ASDs

Independent of ASD symptom severity, the L-ASD group showed reduced connectivity
between midline hubs of the DMN when compared with the H-ASD group. (A concordant
effect in the comparison L-ASD vs. A-TD group remained below corrected significance.)
Underconnectivity between the main DMN nodes (mPFC and PCC) is among the best-
replicated imaging findings in previous ASD studies that included mixed samples with
mostly higher-functioning participants (16-22,28,56-58). Our findings suggest that DMN
underconnectivity findings broadly reported in the literature may have been primarily driven
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by participants with lower or average 1Q, whereas many children with ASDs and above-
average intelligence tend to show relatively high levels of within-network DMN iFC. Indeed,
mean iFC was slightly higher in the H-ASD group when compared with the A-TD and H-
TD groups (Supplemental Figure S4a).

Atypical Connectivity of Visual Cortex in L-ASD

Behavioral studies suggest atypical visual processing in ASDs (59), with some islands of
superior abilities, for example, in spatial reasoning (60) and visual search [O’Riordan et a/.
(61)]. In addition to pronounced underconnectivity within the DMN, the L-ASD group
exhibited lower iFC bilaterally between the pSTS and pericalcarine cortex compared with
the H-ASD group. However, the L-ASD group showed overconnectivity between similar
visual regions and the anterior DMN hub (mPFC) in comparison with the A-TD group. The
pericalcarine cortex is the location of the primary visual cortex surrounding the calcarine
fissures in the occipital lobes; this region receives visual input from the thalamus via optic
radiations and transmits information to higher-order processing regions. The findings
described above are broadly consistent with evidence of the atypical role of the early visual
cortex in ASDs (62,63), and more specifically with altered connectivity between the pSTS
and lower-order visual cortex (37,38). Our finding of weak iFC between lower-order visual
cortices and the pSTS in the L-ASD group may reflect reduced processing along the ventral
visual stream, which is important for object identification and higher-order visual processing
(64). Specifically, reduced iFC with the pSTS in L-ASD may affect audiovisual integration,
biological motion, and face perception as well as—in the left hemisphere—language (32).

In contrast to underconnectivity within the ventral visual stream, the pericalcarine cortex
was overconnected with the mPFC in L-ASD participants in comparison with the A-TD
group (with a concordant difference in mean iFC in comparison with the H-ASD group)
(Supplemental Figure S4b). While further supporting an atypical role of the visual cortex in
L-ASD, a functional interpretation of this specific finding is uncertain. No link between this
effect and visual-pSTS underconnectivity was found, suggesting that high levels of iFC
between the mPFC and visual cortex do not reflect a compensatory mechanism for reduced
ventral stream integration in L-ASD. Although atypically increased iFC between the DMN
and visual cortex has been reported before in higher-functioning children with ASDs
(22,28), these were findings for PCC seeds and not for the anterior DMN hub in the mPFC,
as in the current study. More generally, however, increased visual cortex activation (63) and
occipital connectivity [Keehn et al. (65)] have been reported during cognitive tasks in ASDs.

Functional Networks: Less Integrated in L-ASD, Less Segregated in H-ASD?

It should be noted that for optimal contrast with L-ASD, our H-ASD group represented the
upper tail of the FSIQ distribution in ASD neuroimaging studies and therefore differed from
cohorts included in most studies [with a mean FSIQ of 123, 1 SD above the mean of the
total ASD sample across all sites included in ABIDE (4,5)]. Compared with L-ASD, the H-
ASD group had more robust iFC within the DMN and parts of the ventral processing stream,
suggesting greater network integration. In contrast, the pattern of differences in comparison
with H-TD participants indicated reduced network segregation in the H-ASD group. H-TD
participants mostly showed anticorrelations between the posterior DMN hub in the PCC and
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SN (right insula), a task-positive region in the right SFG, and the left cerebellar crus I, a
region that has been related to visual processing (66). These anticorrelations were absent or
even reversed in the H-ASD group, suggesting reduced segregation between functionally
differentiated networks. Surprisingly, iFC in the L-ASD participants was more similar to the
TD groups across all of these clusters (Supplemental Figure S4c).

The overall pattern of our results suggests that previous findings of reduced network
integration accompanied by reduced network segregation in ASDs (13,38,67,68) may be
differentially driven by individuals with a lower versus higher general level of functioning.
While we found evidence of predominantly reduced network integration in L-ASD (lower
iFC between nodes of the same network), network anomalies in H-ASD participants
predominantly reflected reduced segregation (higher iFC or reduced anticorrelations
between networks).

As in all studies of ASDs, caution is needed because many factors of variability (e.g.,
etiological heterogeneity, treatment history) probably also affect network organization and
connectivity and could not be controlled in this study. The sample size available from
combined scanning sites was relatively small, which limited statistical power. General
conclusions regarding the large low-functioning population with ASDs must therefore be
drawn with caution, although the consistency of many findings across scanning sites was
encouraging. Additional research investigating the relationship between functional
connectivity in L-ASD and more specific behavioral measures than FSIQ is warranted.

While previous research has shown atypical effects of age on functional connectivity in ASD
(69), we found no effects of age in the current study; it is possible that detection of such
effects requires larger samples. Larger studies are also required in order to examine
differences in L-ASD across a wider array of brain regions because functional connectivity
patterns have been shown to be regionally distinct even when multiple regions are sampled
from a single network’s hub (70). Usable data were available for only three L-ASD
participants with FSIQ , 70. Improved acquisition and analysis protocols permitting
inclusion of individuals with intellectual disability will be crucial in future studies because,
paradoxically, neuroimaging over the past decades has largely excluded children who have
the most severe forms of the disorder and present the most urgent public health need.

Conclusions

Our findings suggest that neural network connectivity in children with ASDs and lower
general functional abilities may be associated with distinctly atypical patterns that differ
from those found in H-ASDs. Whereas effects detected in relevant comparisons indicated
reduced network integration (within the DMN and ventral visual stream) in L-ASD, they
showed reduced network segregation (among the DMN, SN, and one task-positive frontal
region) in H-ASD. More broadly, our results indicate the need for better stratification of
ASD study designs and analyses with respect to general levels of functioning because the
combination of lower- and higher-functioning individuals in most previous studies may have
confounded or obscured functional network anomalies.
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corrected at p < .05). Scatter plots depicting individual connectivity scores for both groups
contrasted are provided for illustrative purposes (H-ASD, yellow; L-ASD, red; H-TD, green;
A-TD, blue). The individual symbols used in the scatter plots correspond to the different
scanning sites included (circle, in-house; square, Oregon Health and Sciences University
(OHSU); triangle, New York University (NYU). There were no significant differences for
contrast 4 (A-TD vs. H-TD). mPFC, medial prefrontal cortex; PCC, posterior cingulate
cortex; pSTS, posterior superior temporal sulcus.
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