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Abstract

Autism spectrum disorder (ASD) is exceptionally heterogeneous in both clinical and physiopathological pre-
sentations. Clinical variability applies to ASD-specific symptoms and frequent comorbid psychopathology
such as emotional lability (EL). To date, the physiopathological underpinnings of the co-occurrence of
EL and ASD are unknown. As a first step, we examined within-ASD inter-individual variability of EL and
its neuronal correlates using resting-state functional magnetic resonance imaging (R-fMRI). We analyzed
R-fMRI data from 58 children diagnosed with ASD (5–12 years) in relation to the Conners’ Parent Rating
Scale EL index. We performed both an a priori amygdala region-of-interest (ROI) analysis, and a multivariate
unbiased whole-brain data-driven approach. While no significant brain-behavior relationships were identified
regarding amygdala intrinsic functional connectivity (iFC), multivariate whole-brain analyses revealed an ex-
tended functional circuitry centered on two regions: middle frontal gyrus (MFG) and posterior insula (PI).
Follow-up parametric and nonparametric ROI-analyses of these regions revealed relationships between EL
and MFG- and PI-iFC with default, salience, and visual networks suggesting that higher-order cognitive
and somatosensory processes are critical for emotion regulation in ASD. We did not detect evidence of amyg-
dala iFC underpinning EL in ASD. However, exploratory whole-brain analyses identified large-scale net-
works that have been previously reported abnormal in ASD. Future studies should consider EL as a
potential source of neuronal heterogeneity in ASD and focus on multinetwork interactions.
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Introduction

Current models of autism spectrum disorder (ASD)
highlight its remarkable heterogeneity (Betancur,

2011; Lai et al., 2014; Lecavalier, 2006; Pelphrey et al.,
2011). This is evident in regard to both ASD-specific symp-
toms and comorbid psychopathology (Grzadzinski et al.,
2013; Lai et al., 2014). A relevant source of comorbid psy-
chopathology in ASD is emotional lability (EL), which af-
fects nearly 25% of children with ASD and challenges
diagnosis and treatment (Simonoff et al., 2012). EL refers
to the frequent display of negative emotions, often mani-
festing as severe temper tantrums in children, which can re-
sult in aggressive behavior (Lai et al., 2014). EL and its
regulation are thought to be distinct, but intertwined pro-
cesses (Adolphs et al., 1999; Cole et al., 2004; LeDoux,

1996; Wilensky et al., 2006); increased EL is associated
with poor emotion regulation (e.g., Roy et al., 2013). The
mechanisms underlying EL in individuals with ASD have
not been directly examined (Mazefsky et al., 2013). Yet,
identifying the neural mechanisms that place some children
with ASD at greater risk for increased EL represents a crit-
ical first step toward a finer neurophenotypical character-
ization of the disorder.

This study aims to characterize the neuronal basis of inter-
individual variability in EL among children with ASD. It
builds on converging models of emotion regulation in typical
development that involve, and extend beyond, the amygdala
(Ahmed et al., 2015; Gee et al., 2013; McRae et al., 2012),
and the implication of disruptions in overlapping large-
scale functional circuitry in ASD (Minshew and Williams,
2007). Most research focusing on the brain circuitry involved

1Department of Psychology, Fordham University, Bronx, New York.
2Department of Child and Adolescent Psychiatry, NYU Child Study Center of the Langone Medical Center, New York, New York.
*Current address: University of Southern California, Los Angeles, California.

BRAIN CONNECTIVITY
Volume 7, Number 5, 2017
ª Mary Ann Liebert, Inc.
DOI: 10.1089/brain.2016.0472

281



in EL in typical (Etkin et al., 2015) and clinical populations
(Hulvershorn et al., 2014; Leibenluft, 2011; Shaw et al.,
2014) has focused on the amygdala. Notably, amygdalar dis-
ruption in ASD has been widely reported (Bachevalier and
Loveland, 2006; Dalton et al., 2005; Green et al., 2013; Min-
shew and Keller, 2010; Monk et al., 2010; Nordahl et al.,
2011; Pitskel et al., 2014; Richey et al., 2015; von dem
Hagen et al., 2014; Wicker et al., 2008). Specifically, in
ASD, the amygdala has been shown to exhibit increased vol-
ume growth rate (Mosconi et al., 2009; Nordahl et al., 2011),
hyper-activation in task-based face processing (Dalton et al.,
2005; Green et al., 2013), and reduced functional connectiv-
ity with limbic frontal regions such as orbitofrontal cortex
and medial prefrontal cortex during both task-based (Monk
et al., 2010) and resting-state functional magnetic resonance
imaging (R-fMRI; von dem Hagen et al., 2014). The latter
findings suggested the hypothesis that alterations in func-
tional connectivity of the same amygdala circuits involved
in typical emotion regulation may also underlie inter-
individual differences in EL among children with ASD.
This study aims to examine this directly using R-fMRI, an
approach increasingly used to characterize intrinsic func-
tional connectivity (iFC) in ASD (Vissers et al., 2012).

Beyond amygdala circuitry, a larger network of fronto-
parietal regions has been implicated in EL in typical individ-
uals (Etkin et al., 2015) and clinical populations (e.g.,
attention-deficit/hyperactivity disorder [ADHD]; Brotman
et al., 2010; Posner et al., 2013, 2014). Although studies
have examined the response of these regions to emotion reg-
ulation tasks in ASD (Pitskel et al., 2014; Richey et al.,
2015), and abnormal functional connectivity of this fronto-
parietal network has been reported (see review: Geschwind
and Levitt, 2007), none have examined whether iFC of these
circuits may reflect variability of EL traits in ASD (Kelly
et al., 2012). Thus, in addition to the amygdala-based analyses,
we explore the larger functional connectome using a novel,
whole-brain approach: Multivariate Distance Matrix Regres-
sion (MDMR; Shehzad et al., 2014). Combining these comple-
mentary analytic strategies (i.e., seed-based and unbiased
whole-brain connectivity) allows us to systematically survey
the relationship between iFC and inter-individual differences
in EL in a relatively large sample of children with ASD.

Methods

Participants

We examined R-fMRI data from 58 children diagnosed
with ASD (54 boys; 7–12.9 years) selected from a larger
group participating in ongoing studies at the NYU Child
Study Center. Upper and lower age boundaries were chosen
based on evidence suggesting that EL is relatively stable at
this age in typically developing children (Kopp, 2009). A
DSM-IV-TR diagnosis of ASD, ability to speak English,
and IQ >79 were also required. Participants were excluded
if they were taking antipsychotic medications or if they
had a chronic neurological or medical condition. Parents/
legal guardians and children provided written informed con-
sent and assent, respectively, per procedures approved by the
NYU Langone School of Medicine and the NYU Institu-
tional Review Boards.

From an initial sample of 77 children with ASD, we ex-
cluded 19 either because of poor amygdala coverage

(n = 11) or excessive motion (n = 8); this resulted in a final
sample of 58 children with ASD. There were no significant
differences between excluded and included participants on
age, IQ score, Autism Diagnostic Observation Schedule
(ADOS) severity score, or EL (data not shown).

Clinical assessment

Clinicians classified children as having DSM-IV-TR diag-
noses of Autistic Disorder (n = 46), Asperger’s Disorder
(n = 5), or Pervasive Developmental Disorder Not-Otherwise-
Specified (n = 7) based on review of the child’s history and
administration of the ADOS, Module 3 (research reliable
n = 57; Lord et al., 2000), and Autism Diagnostic Interview-
Revised (ADI-R, research reliable n = 52; Lord et al., 1994).
We retrospectively assigned a DSM-5 ASD diagnosis using
an approach similar to Huerta et al. (2012) based on review
of ADI-R and/or ADOS scores. All but one participant met
retrospective DSM-5 criteria.

Psychiatric comorbidity was assessed based on parent
semi-structured interview using the Schedule of Affective
Disorders and Schizophrenia for Children Present and Life-
time Version (K-SADS-PL; Kaufman et al., 1997). IQ was
measured using the Differential Ability Scales-second edi-
tion (DAS; Elliot, 2007).

EL was assessed using the EL scale of the Conners Parent
Rating Scale-Revised-Long Version (CPRS-R-LV; Conners
et al., 1998), a widely used, treatment sensitive, and well-
normed 80-item instrument assessing psychopathology in
children. The EL scale is comprised of three items: ‘‘Exhibits
temper outbursts,’’ ‘‘Cries often and easily,’’ and ‘‘Mood
changes quickly and drastically.’’ Previous studies have
demonstrated associations between scores on this measure
and iFC in other clinical populations (Hulvershorn et al.,
2014; Posner et al., 2013). Autism severity was assessed
using the total score from the Social Responsiveness Scale
(SRS; Constantino and Todd, 2003), a 65-item questionnaire
measuring ASD severity as a continuous variable. To focus
on the specific neural effects of EL, the SRS total score
was included in the imaging analyses as a covariate.

MRI acquisition

At least 1 week before imaging, all children were trained
with one or more ‘‘mock’’ scan sessions to remain still while
watching a movie and a blank screen with motion-tracking
feedback was provided. Imaging was performed using the
NYU Center for Brain Imaging Siemens Allegra 3.0T Scan-
ner (Siemens; Iselin, NJ). Children completed a 6-min rest-
ing scan while looking at a white crosshair on a black
screen. The scan comprised 180 contiguous whole-brain
functional volumes, acquired using a multi-echo echo planar
imaging (EPI) sequence (repetition time = 2000 ms; echo
time = 30 ms; flip angle = 90�; 33 slices; matrix = 64 · 64;
voxel size = 3 · 3 · 4 mm). Analyses focused on the conven-
tional fully sampled image with echo time of 32.92 ms.
To minimize data loss, two EPI sequences were obtained
when possible. The first was used for 51 children and the sec-
ond was used for seven children who moved excessively dur-
ing the first. For spatial normalization and localization, a
high-resolution T1-weighted anatomical image was acquired
using a magnetization prepared gradient echo sequence
(time to repetition = 2500 ms; echo time = 4.35 ms; inversion
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time = 900 ms; flip angle = 8; 176 slices, field of view = 256 mm).
An eye-tracker was used to monitor whether the child’s eyes
were open or closed during scans. Most children (n = 52) com-
pleted the scan with eyes open; six kept their eyes closed.

MRI analyses

Individual- and group-level analyses were conducted using
an alpha version (0.3.4) of The Configurable Pipeline for the
Analysis of Connectomes (C-PAC; http://fcp-indi.github.io).
C-PAC is a configurable, open-source, Nipype-based (http://
nipy.org/nipype), automated processing pipeline for R-fMRI
data. Preprocessing consisted of slice time correction (first
slice as reference, interleaved acquisitions, Fourier interpo-
lation), three-dimensional motion correction, despiking (re-
moval of extreme time series outliers), spatial smoothing
(full-width half maximum = 6 mm), mean-based intensity
normalization of all volumes by the same factor, and tem-
poral bandpass filtering (0.01–0.1 Hz). Structural and func-
tional images were registered, coregistered, and normalized
to a common stereotaxic space (Montreal Neurological
Institute [MNI]) using ANTs software (www.picsl.upenn
.edu/ANTS; Avants et al., 2011). Single participant nui-
sance regression included 24 Friston motion parameters
(Friston et al., 1996) and five CompCor signals (Behzadi
et al., 2007); all analyses were Gaussian random field (GRF)
corrected at p < 0.05, Z > 2.3. Mean frame-wise displacement
was computed per Jenkinson et al. (2002) and these values
were used as nuisance regressors in group analyses.

Amygdala region-of-interest analysis. At the individual
level, we measured the iFC of the amygdala bilaterally, chosen
a priori as an region-of-interest (ROI; based on Harvard Oxford
Atlas 50% probability as implemented in FSL) as in earlier
studies (Hulvershorn et al., 2014). The average time series of
all voxels within each ROI was computed, and correlations be-
tween this time series and those of all other brain voxels were
assessed (GRF correction: p < 0.05, Z > 2.3). This resulted in
individual participant-level maps of all voxels exhibiting sig-
nificant iFC with the amygdala. Group-level analyses were
conducted using a random-effects, ordinary least-squares
model, including one group mean predictor (ASD), four nui-
sance covariates (demeaned age, sex, mean frame-wise dis-
placement, and total SRS score) and one covariate of interest
(EL from CPRS-R-LV); all were GRF corrected at p < 0.05,
Z > 2.3. Total SRS score was included to statistically control
for social impairments and isolate the effects of EL.

Multivariate distance matrix regression. For a whole-
brain exploration of relationships between EL and iFC, we
employed the MDMR method proposed by Shehzad et al.
(2014). Briefly, subject-level iFC was first assessed using
temporal Pearson correlations at the voxel level at 4 mm3 res-
olution for computational feasibility. Computations were re-
stricted to voxels falling within a tissue prior gray matter
mask provided with FSL (probability > 25%) common to
all participants. This resulted in a v · v correlation matrix,
where v is the number of 4 mm3 voxels in the 100% group-
level whole brain mask (v = 22671). Second, for each
voxel, the distance between iFC patterns was calculated
(i.e., each voxel’s correlation with the rest of the brain) for
every possible pairing of participants in the dataset, resulting

in an n · n matrix of distances among the 58 participants for
each voxel. Third, MDMR tested how well EL explained the
distances between participants (nuisance covariates: age,
sex, mean frame-wise displacement, and total SRS score).
Statistical significance was calculated using a pseudo-F sta-
tistic with correction for multiple comparisons. For any re-
gion whose iFC was identified as significantly related to
EL by MDMR, we conducted follow-up seed-based analyses
using ROI methods as described.

As recent work by Eklund et al. (2016) raised concerns
about potentially inflated type-I error rates using GRF theory
cluster thresholding approaches, we repeated these voxel-
wise follow-up seed-based analyses with a nonparametric ap-
proach using FSL ‘‘Randomise’’ (Winkler et al., 2014). We
corrected for multiple comparisons using cluster-based per-
mutation (n = 5000) and set statistical significance at
Threshold-Free Cluster Enhancement (TFCE) p < 0.05 to
control for family-wise error rate at a = 0.05.

Results

Group characteristics

Table 1 summarizes the demographic and clinical charac-
teristics of the sample. EL T-scores ranged from 41 to 88.

Table 1. Demographic Summary

Variable Mean (SD)

Age (years) 9.7 (1.8)
Male, n (%) 54 (93)
Mean frame-wise displacement (mm) 0.1 (0.08)
Full-scale IQ 108 (17)
Nonverbal IQ 109 (19)
Verbal IQ 106 (15)
CPRS-RLV: EL scale (mean T-score) 58.7 (14.1)
SRS (mean total T-score) 77.6 (11.7)

ASD diagnostic subcategory, n (%)
Autism 46 (79)
PDD-NOS 7 (12)
Asperger’s syndrome 5 (8.6)

ADOS module 3 (57 research reliable), n (%)
Social-affective 8 (3.6)
Restricted repetitive behaviors 2.8 (1.5)
Total 10.9 (4.8)
Calibrated severity total score 6.4 (2.1)

ADI-R (52 research reliable), n (%)
Reciprocal social interaction 19.1 (6.2)
Communication 15.1 (3.9)
Restricted, repetitive, stereotyped

patterns of behavior
5.9 (3.1)

Developmental abnormality
before age 36 months

3.3 (1.3)

Comorbid diagnoses, n (%)
ADHD 25 (43)
ODD 6 (11)
Anxiety disorders 8 (14)
Mood disorders 6 (11)
Tic disorder 8 (14)

ADHD, attention-deficit/hyperactivity disorder; ADI-R, Autism
Diagnostic Interview-Revised; ADOS, Autism Diagnostic Observa-
tion Schedule; ASD, autism spectrum disorder; EL, emotional lability;
ODD, oppositional defiant disorder; PDD-NOS, pervasive developmen-
tal disorder, not otherwise specified; SRS, Social Responsiveness Scale.
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Notably, EL ratings for 26 of 58 children (45%) were clini-
cally significant (i.e., scores above 60; see EL scores distri-
butions in Supplementary Figs. S1 and S2; Supplementary
Data are available online at www.liebertpub.com/brain).
Given prior reports of elevated EL in children with ADHD
(Hulvershorn et al., 2014) and that 43% of our ASD sample
had comorbid ADHD, we explored whether EL was associ-
ated with ADHD in our sample. EL ratings between ASD
children with and without ADHD were not statistically sig-
nificant (M = 54.9 – 12.7 and M = 61.9 – 14.6, respectively;
t(56) =�1.9, p < 0.06; See Supplementary Fig. S3). As such
analyses were conducted across the whole ASD sample, re-
gardless of ADHD comorbidity.

Ratings of EL positively correlated with total SRS score
(r = 0.30, p < 0.02), supporting use of the SRS as a covariate
in group analyses to isolate the unique variance explained
by EL.

Amygdala ROI

Analyses did not reveal significant associations between
amygdala iFC and EL scores.

Multivariate distance matrix regression

Connectome-wide MDMR analyses indicated that EL
scores significantly predicted iFC of middle frontal gyrus
(MFG) and left posterior insula (PI). Follow-up seed-based
parametric analyses of these regions revealed significant
associations between EL scores and MFG iFC with five re-
gions and between EL scores and PI iFC with eight regions
(see Fig. 1, Supplementary Table S1, and Supplementary
Figs. S1 and S2). Greater EL was associated with greater

positive iFC between MFG and right lateral occipital cortex,
frontal pole, and precuneus. Conversely, greater EL was as-
sociated with reduced positive iFC between MFG and bilat-
eral anterior insula (AI). Further, higher EL scores were
associated with greater PI iFC with right central operculum,
and lower iFC with bilateral superior frontal gyrus and pos-
terior regions including precuneus, occipital fusiform cortex,
bilateral lateral occipital cortex, and lingual gyrus. To verify
that the PI iFC with visual cortex was not confounded by in-
cluding individuals with their eyes closed, we examined the
iFC of PI and visual cortex clusters of only those individuals
with their eyes open; the resulting pattern was similar to that
emerging from primary analyses (Supplementary Fig. S4).

Seed-based analyses using a nonparametric permutation
method revealed similar patterns in respect to the negative
correlations between EL and iFC of MFG and PI (Fig. 1,
Supplementary Table S1, and Supplementary Fig. S2). Clus-
ters of MFG and PI iFC positively related to EL that were
identified using GRF did not survive the TFCE threshold.

To interpret results in the context of known functional
brain networks, we computed the percentage of overlap be-
tween the voxels in a given cluster identified in our analyses
and those of the seven functional cortical networks described
by Yeo et al. (2011). Among the voxels in the MFG cluster,
49% were within Yeo’s dorsal attention network, the remain-
ing 11.6% were in fronto-parietal network. Additionally, we
identified that 64% of the voxels in the clusters whose iFC
with MFG were negatively related to EL overlapped with the
salience network. We identified that our PI iFC findings nega-
tively related to EL straddled two networks: 32% in default
network and 23% in visual network. Finally, while the use of
a nonparametric approach appropriately addresses concerns

FIG. 1. Parametric and
nonparametric analyses sur-
face maps show regions
whose iFC with middle fron-
tal gyrus (a) and posterior
insula (b) significantly corre-
lated with parent-rated EL in
children with ASD. Clusters
whose iFC positively corre-
lated with EL are shown in
red, and those negatively
correlated are shown in blue.
Results from parametric and
nonparametric statistical an-
alyses are shown in the top
and the bottom panel, re-
spectively. ASD, autism
spectrum disorder; EL, emo-
tional lability; iFC, intrinsic
functional connectivity.
Color images available
online at www.liebertpub
.com/brain
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of potential false positive results and thus, applying a more
stringent statistical threshold at GRF (Z ‡ 3.1) is overly conser-
vative at this stage of investigation, to enable comparisons and
interpretation in future replications we repeated GRF analyses
using a threshold of Z ‡ 3.1. As shown in Supplementary
Figure S5, results from this more stringent approach are largely
similar to those emerging from nonparametric analyses.

Discussion

While clinical evidence suggests that a substantial number
of children with ASD demonstrate poor emotional regula-
tion, little is understood about the mechanisms underlying
EL in ASD (Mazefsky et al., 2013). Accordingly, we con-
ducted a priori and exploratory analyses of the neural corre-
lates of parent-rated EL in children with ASD. Although a
priori analyses of amygdala iFC did not reveal significant
brain-behavior relationships with EL, whole brain multivari-
ate analyses identified functional circuitry centered on two
main regions, MFG and PI. Parametric and nonparametric ap-
proaches to follow-up ROI analyses mostly converged to iden-
tify each of these nodes’ circuitry in relations to EL. While
prior studies have noted altered iFC of both MFG (Jiang
et al., 2014; Moseley et al., 2015) and PI (Di Martino et al.,
2014; Ebisch et al., 2011) in ASD, our results underscore
the role of their circuits in relation to comorbid EL in ASD.

In typical individuals, MFG, a key component of the dor-
sal attention network, plays an overarching role in emotional,
motor, and cognitive self-regulation by directing attention
and initiating goal directed behaviors (Depue et al., 2016;
Grecucci et al., 2013; Sylvester et al., 2003). In non-ASD
children, deficient activation of MFG in response to frustra-
tion has been implicated in irritability and EL (Perlman et al.,
2015). Our findings highlight the relationship between
comorbid EL in ASD and MFG iFC with bilateral dorsal an-
terior insula (AI). AI is a key region of the salience network,
a network thought to integrate external sensory stimuli with
internal states (Seeley et al., 2007). While abnormalities in
iFC of the MFG and AI in individuals with ASD have
been previously reported (Moseley et al., 2015; Uddin
et al., 2013) our findings suggest that the interaction between
these two nodes and their related broader functional net-
works may be specifically associated with EL variability. It
has been hypothesized that the AI contributes to the alloca-
tion of attention to salient stimuli by serving as a regulatory
switch between the dorsal attention and default networks
(Menon and Uddin, 2010). Results of the GRF analyses in
the current study revealed a positive association between
EL and MFG iFC with the precuneus, a region within the
DN. Taken together these results suggest that higher EL in
children with ASD may be associated with stronger iFC be-
tween dorsal attention and default networks, perhaps result-
ing from atypical AI ‘‘network switching.’’ This model
should be tested in future large-scale studies designed to ex-
amine multinetwork interactions. Given that abnormal iFC in
AI has been related to restricted repetitive behaviors/interests
(Uddin et al., 2013) in ASD, such multi-network studies
should utilize powered explorations of multiple clinical di-
mensions to disentangle unique neurophenotypic associa-
tions to core ASD and associated symptoms.

Our findings relating EL to PI circuitry in ASD underscore
the involvement of multiple functional networks beyond

those serving higher order cognitive processes. PI is a key
component of the sensorimotor network and plays a role in
self-regulation (Abram et al., 2015) and emotional experi-
ences by processing interoceptive and exteroceptive sensory
information (Chang et al., 2013; Craig, 2009; Nguyen et al.,
2016). Intriguingly, the relation between EL and PI iFC with
associative visual cortex consistently emerged across para-
metric and nonparametric analyses. Functional abnormalities
in these regions of the visual network, are often reported in
ASD and more recent studies have reported atypical iFC of
VN in ASD (Chen et al., 2015; Lewis et al., 2014; Nebel
et al., 2016). Thus, the relation between sensory processing
abnormalities and comorbid EL in a subgroup of individuals
diagnosed with ASD should be further explored.

Despite previous work suggesting alterations in amygdala
iFC related to emotion processing in ASD (Monk et al.,
2010) and other populations (Hulvershorn et al., 2014), we
did not find such a relationship among children with ASD.
One possibility is that amygdala dysfunction in ASD (Aoki
et al., 2015), is not specific to EL variability. Instead, the
amygdala is thought to play a fundamental, early role in so-
cial and emotional processing, and therefore amygdala iFC
abnormalities in ASD may represent impairment in core
ASD symptoms; this is consistent with a recent report in pre-
schoolers with ASD (Shen et al., 2016).

Limitations and future directions

Our results should be interpreted considering specific lim-
itations. First, in line with the higher prevalence of boys in
ASD, girls were underrepresented in the present sample.
Although examining the boys alone did not change the re-
sults of our study, we are unable to explore inter-individual
variability in the relationship between iFC and EL in ASD
relative to gender differences. Since differences in limbic
system anatomy and functionality exist between genders
(Adinoff et al., 2003), future larger-scale studies of girls
and boys are needed to elucidate brain-behavior patterns spe-
cific to girls with ASD. Second, although we conducted
whole brain voxel-wise analyses, incomplete coverage pre-
vented us from examining ventral aspects of frontal cortex.
Prior studies exploring EL in other clinical populations
(e.g., ADHD: Posner et al., 2013) have reported a relation-
ship between EL and iFC of ventral frontal regions. Future
studies, utilizing improved scan parameters, should seek to
explore this relationship in greater depth. Third, our measure
of EL is based on parent-report. Future studies should in-
clude multiple sources of EL assessment. Lastly, we were
unable to directly explore the relationship between mental
state (i.e., eyes open/closed implying awake/asleep) and
our findings. Future studies should monitor mental state
while in the scanner to examine potential dynamic changes
in brain-behavior relationships related to this variable.

The explicit goal of this study was to identify neural cor-
relates of EL inter-individual variability within ASD; our
study is the first to use R-fMRI methods to explore this rela-
tionship. Investigating whether the present findings of EL-
iFC relationships are specific to ASD or shared with other
typically developing or clinical populations would require
inclusion of large community-based samples to optimally
capture a distributed range of EL. Further, our study design
did not allow us to explore the complex relationship between
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EL in ASD with and without other comorbidities. For exam-
ple, 43% of our children were diagnosed with comorbid
ADHD, though this was not significantly associated with
EL. Dimensional analyses across multiple diagnoses and
comorbidities require the inclusion of large and representa-
tive sample size.

Conclusions

The present findings enrich our understanding of ASD
by showing that in addition to the classically understood
variables involved in the disorder (e.g., restricted/repetitive
behaviors/interests, social communicative deficits), other be-
havioral factors such as emotion regulation may contribute
to brain-behavior relationships. Our results, if replicated in-
dependently, may lead to biologically based subgroups of
ASD that involve phenotypic variables not included in the
current nosology. Finally, from a methodological perspec-
tive, our approach reinforces the potential value of utilizing
exploratory whole-brain methods when performing novel
analyses.
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