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Abstract

Background: Research suggests adults with autism spectrum disorder (ASD) may use executive
functions to compensate for social difficulties. Given hallmark age-related declines in executive
functioning and the executive brain network in normal aging, there is concern that older adults
with ASD may experience further declines in social functioning as they age. In a male-only
sample, we hypothesized: 1) older adults with ASD would demonstrate greater ASD-related social
behavior than young adults with ASD, 2) adults with ASD would demonstrate a greater age group
reduction in connectivity of the executive brain network than neurotypical (NT) adults, and 3) that
behavioral and neural mechanisms of executive functioning would predict ASD-related social
difficulties in adults with ASD.

Methods: Participants were a cross-sectional sample of non-intellectually disabled young (ages
18-25) and middle-aged (ages 40-70) adult men with ASD and NT development (young adult
ASD: =24; middle-age ASD: 7=25; young adult NT: 7=15; middle-age NT: 7=21). We assessed
ASD-related social behavior via the self-report Social Responsiveness Scale-2 (SRS-2) Total
Score, with exploratory analyses of the Social Cognition Subscale. We assessed neural executive
function via connectivity of the resting-state executive network (EN) as measured by independent
component analysis. Correlations were investigated between SRS-2 Total Scores (with exploratory
analyses of the Social Cognition Subscale), EN functional connectivity of the dorsolateral
prefrontal cortex (dIPFC), and a behavioral measure of executive function, Tower of London (ToL)
Total Moves.

Results: We did not confirm a significant age group difference for adults with ASD on the SRS-2
Total Score; however, exploratory analysis revealed middle-age men with ASD had higher scores
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on the SRS-2 Social Cognition Subscale than young adult men with ASD. Exacerbated age group
reductions in EN functional connectivity were confirmed (left dIPFC) in men with ASD compared
to NT, such that older adults with ASD demonstrated the greatest levels of hypoconnectivity. A
significant correlation was confirmed between dIPFC connectivity and the SRS-2 Total Score in
middle-age men with ASD, but not young adult men with ASD. Furthermore, exploratory analysis
revealed a significant correlation with the SRS-2 Social Cognition Subscale for young and middle-
aged ASD groups and ToL Total Moves.

Conclusions: Our findings suggest that ASD-related difficulties in social cognition and EN
hypoconnectivity may get worse with age in men with ASD and is related to executive
functioning. Further, exacerbated EN hypoconnectivity associated with older age in ASD may be a
mechanism of increased ASD-related social cognition difficulties in older adults with ASD. Given
the cross-sectional nature of this sample, longitudinal replication is needed.
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Introduction

Much research has focused on the developmental course of autism spectrum disorder (ASD)
in children, with less attention given to changes that occur across the adult lifespan. Given
the rise in ASD diagnoses over the past 30 years, the population of older adults with ASD is
projected to increase rapidly over the next decade (Piven & Rabins, 2011). Furthermore, the
care needs for adults with ASD will likely widen as family caregivers enter advanced aging
and no longer have the ability to care for their aging adult children (Piven & Rabins, 2011).
Research on aging in adults with ASD is emerging; however, further studies are needed in
order to better understand the needs of this population and inform intervention.

Social symptom severity is a strong predictor of positive aging outcomes in ASD (Howlin,
Moss, Savage, & Rutter, 2013), and there is emerging evidence that this domain may be
vulnerable to aging. Three recent cross-sectional studies have reported greater overall ASD
traits and ASD-related social behavior associated with older age (Abbott, Happé, &
Charlton, 2018; Happé et al., 2016), with one study demonstrating a peak in middle
adulthood (Lever & Geurts, 2018). However, these findings have not been consistently
observed across studies, with some evidence of improved social functioning during early
middle adulthood that is related to greater inferior frontal lobe recruitment to social stimuli
(Bastiaansen et al., 2011). Still other studies showing no associations between age and ASD-
related social behavior (Bishop & Seltzer, 2012; Howlin et al., 2013; Shattuck et al., 2007).
These findings underscore the importance of further describing age group differences in
ASD social symptoms to inform intervention and care plans. Furthermore, describing the
neural substrates underlying these changes may provide further insight into the mechanisms
underlying age group differences in ASD symptoms.
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Cognitive Mechanisms Underlying ASD-Related Social Behavior

The cognitive mechanisms underlying ASD-related social behavior are not well established.
ASD-related social behaviors are characterized by difficulties in social-emotional
reciprocity, poor nonverbal communication, and difficulties establishing and maintaining
social relationships (American Psychiatric Association, 2013). For example, children and
adults with ASD may exhibit difficulty understanding expectations for social behavior, and
they may have difficulty empathizing and sharing interests with others. Various theories have
attempted to explain the cognitive mechanisms underlying ASD-related social behavior
[e.g., Theory of Mind Hypothesis, Weak Central Coherence Hypothesis, etc.; see Frith
(2012) for a review of cognitive theories of ASD]. However, each falls short of accounting
for the heterogeneous symptom presentation, perhaps because they fail to describe
compensatory mechanisms contributing to development and change over time (Livingston &
Happé, 2017).

Recently, it has been suggested that developmental and lifespan changes in ASD-related
social behavior may be partially dependent on executive functions (Livingston & Happé,
2017). Although many studies have documented executive functioning difficulties in
younger persons with ASD (Lai et al., 2017), these are not universal (Brunsdon et al., 2015).
Given variability of executive functioning abilities in individuals with ASD, executive
functioning may be a candidate mechanism for social compensation (Livingston & Happé,
2017). For example, some individuals with ASD may capitalize on relatively intact executive
functions to determine when and how to implement explicitly learned social rules. Recently,
metacognitive aspects of executive functioning (e.g., initiation, working memory, planning,
organization, monitoring) have been found to uniquely predict ASD-related social behavior
in ASD but not neurotypical (NT) children and adolescents (Leung, Vogan, Powell,
Anagnostou, & Taylor, 2015). On the other hand, behavioral regulation aspects of executive
functioning (e.g., inhibition, shifting, and emotional control) predict social behavior
similarly in both groups (Leung, Vogan, Powell, Anagnostou, & Taylor, 2015). The
hypothesis that persons with ASD capitalize on metacognitive aspects of executive functions
to compensate for social challenges may account for the observed improvement in social
functioning in some adolescents and young adults with ASD, although with persistent
residual deficits (Howlin & Magiati, 2017). Importantly, this hypothesis has negative
implications for aging adults with ASD, given that declines in executive functioning are a
hallmark of the normal aging process.

Metacognitive Executive Functions in Aging Adults with ASD

Metacognitive aspects of executive functioning show some preliminary evidence of
exacerbated age-related differences in ASD, and this cognitive domain may be particularly
relevant to ASD social symptomology. In an exploratory cross-sectional analysis, Abbott et
al. (2018) reported steeper trajectories of age-related differences in planning and reasoning
in ASD such that older age was associated with worse performance relative to normative
expectations for NT adults. However, these age associations have not been observed in
smaller samples (Davids, Groen, Berg, Tucha, & van Balkom, 2016; Geurts & Vissers,
2012). Furthermore, trajectories of “exacerbated aging” have not been observed in other
metacognitive domains including initiation, working memory, organization, or monitoring in
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cross-sectional samples (Davids et al., 2016; Geurts & Vissers, 2012; Lever, Werkle-
Bergner, Brandmaier, & Ridderinkhof, 2015; Powell, Klinger, & Klinger, 2017).
Importantly, older adults with ASD relative to matched NT adults show reduced abilities in
metacognitive aspects of executive functioning based on self-and informant-reports (Davids
et al., 2016), indicating persistent difficulties in this domain into older adulthood. It should
be noted that Davids et al. (2016) reported inconsistent convergence between self-report and
objective measures of executive functioning in older adults with ASD (Davids et al., 2016),
with the exception of the Tower of London (ToL) planning task. Given the relevance of
metacognitive aspects of executive functioning to compensation for social challenges (Leung
et al., 2015), potentially exacerbated age group differences in this domain are particularly
concerning.

Role of the Executive Network in ASD-Related Social Behavior and Aging

There is emerging evidence that older age is associated with exacerbated profiles of
hypoconnectivity in adults with ASD relative to NT adults, although findings are
inconsistent. Brain aging in older adults with ASD have been examined in two cross-
sectional structural neuroimaging studies, with one study showing evidence of exacerbated
age-related differences in white matter integrity (Koolschijn, Caan, Teeuw, Olabarriaga, &
Geurts, 2016) and another reporting parallel age-related differences in gray matter volume
and thickness (Koolschijn & Geurts, 2016). Furthermore, aberrant use of a functionally
connected brain network implicated in executive functioning has also been observed in older
men with ASD (Braden et al., 2017). Functional brain connectivity analyses are used to infer
functional networks from fMRI data, often derived while a participant is at rest in the
scanner (resting-state functional connectivity), by examining correlations in voxel time
courses distributed throughout the brain (Bressler & Menon, 2010). Task-based and resting-
state paradigms show similar preservation of individual connectivity differences (Shah,
Cramer, Ferguson, Birn, & Anderson, 2016), with resting-state paradigms creating fewer
constraints for participants” abilities. Aberrant functional connectivity of higher level
cognitive brain networks are suggested to underlie core symptoms in ASD (Elton, Di
Martino, Hazlett, & Gao, 2016), as well as normal age-related cognitive decline
(Damoiseaux, 2017). Therefore, the integrity of functional brain networks underlying higher
level cognitive processing, including executive functioning, may be vulnerable to
exacerbated age-related decline in ASD. Moreover, measures of functional brain
connectivity may be particularly sensitive to early age-related differences in older adults
with ASD.

The Executive Network (EN) is a canonical functional brain network mediating executive
control, which contains key nodes in the dorsolateral prefrontal cortices (dIPFC) and
posterior parietal cortices (PPC; Bressler & Menon, 2010). Recent theories have ascribed a
broader, domain general role for the EN in selecting and inhibiting relevant external stimuli
and internal conceptual representations in a goal-directed manner (Lindquist & Barrett,
2012). Beyond its canonical role in executive functioning, the EN has been suggested to play
a significant role in socio-affective processing (Lindquist & Barrett, 2012). Further, a recent
meta-analysis of activation patterns associated with a metacognitive planning task, the ToL,
demonstrate consistency with the EN, in particular with nodes of activation in the bilateral

Res Autism Spectr Disord. Author manuscript; available in PMC 2020 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Walsh et al.

Page 5

dIPFC (Nitschke, Kdstering, Finkel, Weiller, & Kaller, 2017). This makes the EN an ideal
candidate to explore a neural basis for metacognitive planning and associations with social
behavior without the constraint of in-scanner task demand.

The EN has been implicated as a core network demonstrating aberrant functional
connectivity in younger persons with ASD, which has been linked to both ASD-related
social behavior (Elton et al., 2016) and cognitive control difficulties in younger persons with
ASD (Solomon, Hogeveen, Libero, & Nordahl, 2017). While certain patterns of connectivity
in this network predict social behavior in both younger persons with ASD and NT in a
congruent manner, other connectivity patterns within the EN uniquely predict social
behavior in ASD but not NT participants (Elton et al., 2016). This suggests that the EN may
play an additional role in social behavior in ASD beyond its role for NT adults, and age-
related differences in connectivity may have a more dramatic impact on social behavior in
persons with ASD.

The Current Study

Methods

In the present study, we examined age group differences in ASD-related social behavior and
EN resting-state functional connectivity in a cross-sectional sample of young adult and
middle-age men with and without ASD. Further, we investigated the relationship between
ASD-related social behavior and behavioral (ToL performance) and neural (EN connectivity
within the bilateral dIPFC) indicators of executive function in young adult and middle-age
men with ASD. Since there are sex differences in many of the cognitive and brain measure
we investigated, a male only sample was chosen for this initial study due to the difficulty of
recruiting sufficient middle-age women with ASD to explore sex interactions. We
hypothesized that older men with ASD would demonstrate increased ASD-related social
behavior relative to young adult men with ASD. In line with our hypothesis of exacerbated
age-related reductions in EN functional connectivity in ASD, we expected that age group
differences in hypoconnectivity would be greater in magnitude for men with ASD relative to
NT men, with older men with ASD demonstrating the greatest level of hypoconnectivity in
the EN. Furthermore, we hypothesized a significant relationship between ASD-related social
behavior and behavioral and neural indicators of executive functioning in men with ASD,
such that worse performance on the ToL and reduced connectivity of the bilateral dIPFC
within the EN would correlate with increased ASD-related social behavior. Due to its
specific relevance to metacognitive aspects of social functioning, we also investigated
exploratory analyses of a Social Cognition subscale measure.

Participants and Materials

Eighty-five adult men with and without ASD were recruited from the greater Phoenix area
for this cross-sectional study, in either young adult (18-25 years) or middle-age (40-70
years) cohorts [24 young-adults with ASD (mean age = 21.1 years); 25 middle-age adults
with ASD (mean age = 53.0 years); 15 young-adults NT adults (mean age = 21.0 years); and
21 middle-age NT adults (mean age = 50.0 years)]. The middle-age range was chosen based
on the only other study of brain connectivity in older adults with ASD; this group
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demonstrated structural connectivity differences beginning around age 40 and extended to
early 70s (Koolschijn et al., 2016). Further, others have found this middle-age range to be
relatively stable in ASD traits (Lever and Geurts, 2018). We chose our young adult group
with 15 years of separation from our middle-age group in order to reduce variance and gain
power for age group comparisons. See Table 1 for demographic information across discrete
young adult and middle-aged groups. There were no significant differences in age between
diagnosis group cohorts for the young adult (#3,=—0.20, p=0.85) and middle-aged groups
(t4/-1.42, p=0.16). Participants with ASD were recruited via the Southwest Autism
Research and Resource Center (SARRC) lifetime database, a voluntarily enrolled database
that includes information from all clients who participated in a clinical or research program
at SARRC. Other participants with ASD were recruited via grassroots community groups
and flyers posted at ASD community events, and their diagnosis was confirmed by SARRC
upon enrollment. NT participants were recruited via word of mouth and flyers posted
throughout the community.

All participants with ASD either reported a clinical or suspected diagnosis of ASD. A
research reliable psychometrist with 10 years of experience assessing individuals with ASD
for research purposes conducted the Autism Diagnostic Observation Schedule-2, module 4
(ADQOS-2; Lord et al., 2012) and a brief self-reported psychiatric history interview. Results
of these assessments were reviewed by a psychologist with 25 years of experience (CJS)
diagnosing ASD for research purposes, who completed a DSM-5 checklist (American
Psychiatric Association, 2013) based on current presentation and history. Two young adult
participants in this sample did not meet ADOS-2 criteria for ASD diagnosis. In these two
cases, the ADOS-2 was overruled based on clinician judgment and known sensitivity
limitations of the standard cut-off criteria for non-intellectually disabled adults with ASD
(similar to Bastiaansen et al., 2011). Young-adult and middle-age ASD groups did not differ
in their overall symptom severity based on the ADOS-2 Total Score (¢,=-0.33, p=0.75;
Table 1). When asked the date of the original diagnosis, a moderate response rate of 50%
young adults and 68% of middle-age adults was achieved. Of these respondents, there was a
wide age range for the first ASD diagnosis (2-64 years). More specifically, the young vs.
middle-age groups endorsed (respectively), 16% vs. 56% adult diagnosis (18 years of age or
older), 25% vs. 4% late childhood diagnosis (8-17 years of age), 8% vs. 8% early childhood
diagnosis (before 8 years of age).

NT participants reported no suspected or confirmed diagnosis of ASD. NT participants were
then administered the Social Responsiveness Scale-2 Adult Self-Report (SRS-2;
Constantino, 2012). Due to the relatively low level of specificity (0.60; Mandell et al., 2012)
the cutoff for NT participants was set at the moderate range ( 7-score = 66), in order to
accommodate normal variation in social behavior that is unrelated to ASD. Two young
adults inquiring about participation as a NT were screened and excluded for SRS-2 scores
exceeding this threshold. To further increase confidence in NT status, having a first-degree
relative with an ASD diagnosis was an exclusionary criteria for NT participants.

Other inclusion criteria for all participants were score >70 on the Kaufman Brief Intelligence
Test — 2" Edition (KBIT - 2; Kaufman & Kaufman, 2004) and score >26 on the Mini
Mental State Exam (MMSE; Folstein, Folstein, & McHugh, 1975). There were no
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significant differences across age or diagnostic groups in 1Q (Table 1; F3 g7=1.11; p=0.35).
Participants also self-reported years of education attained. There were significant group
differences in educational attainment (Table 1; £z g;), =10.47; p<0.001), with post-hoc tests
showing middle aged adults with ASD were significantly more educated than young adults
with ASD (p<0.001), and young NT adults were significantly more educated than young
adults with ASD (p=0.01). The former was expected due to the targeted “college age” of the
young-adult group.

General medical history was self-reported by all participants. No participants reported a
history of neurological illness such as stroke or dementia, head injury with loss of
consciousness, or any known genetic disorders. As common with ASD, a small percentage
of our participants had experienced a single childhood seizure, but none continued to
experience seizures in adulthood nor took seizure medication. NT participants were free
from a history of psychiatric mood disorders based on self-report. We did not, however,
exclude history of depression or anxiety in participants with ASD since these conditions are
very common comorbidities (Lever & Geurts, 2016). For ASD participants, depression was
measured by the Beck Depression Inventory-11 (Beck, Steer, Ball, & Ranieri, 1996) and
anxiety was measured by the State Trait Anxiety Inventory (Spielberger, 1983; Table 1).
Based on these self-report assessments, 40% and 56% of the middle-aged sample with ASD
and 25% and 29% of the young adult sample with ASD reported clinically significant levels
of depression and anxiety, respectively (Table 1). Self-reported history of ADD/ADHD was
allowed and reported in six middle-aged adults with ASD (24% of group), three young
adults with ASD (12.5% of group), and one middle-aged NT adult (4.8% of group; Table 1).
One young adult participant with ASD also reported bipolar disorder, and results were
unchanged when they were excluded from the analyses. This study was conducted in
compliance with Arizona State University’s ethical standards for research and the
Declaration of Helsinki 2000 revision. All participants provided written consent approved by
the Institutional Review Board.

Behavioral Dependent Measures

The SRS-2 (Constantino, 2012), a reliable and valid 65-item a self-report questionnaire
measuring social behavior associated with ASD, was administered to all participants.
However, only participants with ASD were included in SRS-2 analyses, as high SRS-2
scores were exclusionary for NT participants. The scale yields a total 7-score used for
screening purposes that summarizes social behaviors associated with ASD. A score 59 or
below indicates the individual likely does not present with significant social behaviors
associated with ASD, with higher scores indicating mild, moderate, or severe presence of
social behaviors associated with ASD. This measure contains subscales measuring Social
Awareness (8 items), Social Cognition (12 items), Social Communication (22 items), Social
Motivation (11 items), and Restricted Interests/Repetitive Behaviors (12 items). The
measure also provides a total score summarizing ASD-related social behavior. The SRS-2
Total Score was used as a primary dependent measure. Exploratory analyses investigated the
Social Cognition subscale, due to its specific relevance to metacognitive aspects of social
functioning.
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In order to assess executive functioning, the ToL (Shallice, 1982) was administered to all
participants, as done previously in individuals with ASD (Hill, 2004). Briefly, this test
evaluates planning aspects of executive functioning by requiring participants to match a
target design by rearranging beads on a pegboard from a set starting position in as few
moves as possible. This measure, specifically the Total Moves score, predicts performance
on self and proxy reported metacognitive aspects of executive functioning in older adults
with ASD (Davids et al., 2016), which have be shown to uniquely predict social functioning
in ASD (Leung, Vogan, Powell, Anagnostou, & Taylor, 2015). Thus, the dependent measure
we used in statistical analyses was the Total Moves score. The task was administered by
highly trained graduate student researchers.

MRI Parameters

Images were collected using a 3-Tesla Philips Ingenia MRI scanner with a maximum
gradient strength of 45 mT/m. All participants underwent high-resolution, T1-weighted
scans (3D magnetization prepared rapid acquisition gradient echo [MPRAGE]; 170 axial
slices, 1.2 mm slice thickness, field of view=240 mm, 256x256 acquisition matrix).
Functional blood-oxygen-level dependent (BOLD) signal images were collected via a
gradient-echo echo-planar series with whole brain coverage (repetition time=3000ms, echo
time=25ms, flip angle=80°, 3mm slice thickness, 24mm field of view, 64x64 acquisition
matrix). Resting-state scans were six minutes in duration, during which 120 brain volumes
were collected while the participant had their eyes closed. Prior to MRI data acquisition, the
option to visit the imaging center and experience the MRI environment was provided to all
participants to minimize anxiety-related motion during fMRI acquisition. Padding/
headphones were also used to minimize head motion in the scanner.

Resting-State MRI

FMRI Preprocessing.—Resting-state fMRI was selected for connectivity analysis as it
has shown good reproducibility (Shah et al., 2016), and potential for identification of
neurophenotypes in psychiatric disorders (Van Essen & Ugurbil, 2012). Resting-state data
were preprocessed using Statistical Parametric Mapping software (SPM-12; Wellcome
Department of Cognitive Neurology, Institute of Neurology, London, UK) in Matlab
(Mathworks, Natick, MA). The first two volumes were removed to account for time needed
for scanner magnetization to reach a steady state. Wavelet Despiking using the BrainWavelet
toolkit (Patel et al., 2014) was conducted on raw image data to reduce secondary motion
artifacts. Slice-time correction and realignment were then performed to correct for
differences in slice acquisition timing and motion during scanning, respectively. The
structural images were segmented into gray matter and white matter tissue maps and then
skull-stripped to improve co-registration. Each participant’s functional image series was co-
registered to their skull-stripped T1 image. Using DARTEL Tools implemented in SPM-12,
a common template that maximizes inter-participant alignment was generated based on
participants’ gray and white matter segmented images using an iterative registration process.
The common template was then transformed to MNI space, and each participant’s DARTEL
flow field and MNI transformation parameters were applied to their functional image series.
During this step, the data underwent smoothing using a 6-mm full-width half-maximum
Gaussian kernel to reduce spatial noise. Images were visually inspected after each step in the
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preprocessing pipeline. Using the Artifact Detection Tools toolbox, smoothed and
normalized images were inspected for high-motion volumes to be censored. However, no
volumes exceeded the moderately conservative thresholding criteria (0.9mm) of relative
scan-to-scan displacement. Using the maximum threshold recommended for resting-state
functional connectivity analyses (0.2mm) identified only 7% of the sample exceeding this
level of motion. However, this stringent level of scrubbing was not deemed appropriate
because our method of independent component analysis (ICA; describe below) has been
found to outperform motion scrubbing in a study comparing denoising methods
(Middlebrooks et al., 2017). A recent review outlines the number one benefit of ICA is its
robustness to artifacts (Calhoun & Lacy, 2017). Furthermore, motion was not included as a
nuisance variable because ICA captures motion as discrete components and removes the
variance from other, cognitive-based components.

Functional Connectivity.—ICA was performed on resting-state data to decompose the
complex spatial-temporal signal into independent component networks and parse out noise
components (Calhoun & Lacy, 2017; Middlebrooks et al., 2017). For this reason, traditional
band-pass filtering was not applied during preprocessing as frequency information valuable
for ICA can be lost (Pignat et al., 2013). Preprocessed images were entered into the Group
ICA for fMRI Toolbox (GIFT) implemented in MatLab (GIFT; http://icatb.sourceforge.net/).
Prior to ICA, images underwent intensity normalization and then principle components
analysis (PCA) to estimate the optimal number of components using the minimum
description length criteria. Subsequently, ICA was performed using the Infomax algorithm
for the estimated number of networks determined during PCA (Li, Adali, & Calhoun, 2007).
Back-reconstruction was performed on each component to generate individual subject time
courses and networks (V. Calhoun, Adali, Pearlson, & Pekar, 2001). ICA output constitutes
spatial z-maps for each network in which z-scores denote the relative contribution of each
voxel (e.g. connectivity) to the estimated overall time course of the network (Beckmann et
al., 2005).

Components were first spatially sorted to standard white matter and cerebral spinal fluid
masks and disregarded from analysis if r2>.02 or r2>.05, respectively (Kim, Mathalon, Ford,
& Mannell, 2009). The GIFT Component Labeler Utility and visual inspection were then
used to identify group-level spatial component maps. The Component Labeler Utility
matches observed group-level spatial component maps to canonical resting-state network
templates, and was used first to empirically identify components most likely to be associated
with a given network. Three components were identified by the component labeler as having
significant spatial overlap with the EN. As is considered best practice, final component
selection was done through visual inspection of the selected spatial component maps by an
expert neuroscientist (BBB; see Assaf et al., 2010 and von dem Hagen, Stoyanova, Baron-
Cohen, & Calder, 2013 for similar methods). Two of the identified components were head
motion-related. Visual inspection was done to discard these motion-related components
(Mckeown et al., 1998). The final component was confirmed as the EN based on the
presence of key bilateral network nodes in the dIPFC and PPC (Figure 1; Seeley et al.,
2007).
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Behavior Comparisons and Correlations.—All analyses were conducted in SPSS
(IBM SPSS Statistics for Windows, Version 25.0, Armonk, NY). In order to test the
confirmatory hypothesis that older adults with ASD demonstrate greater ASD-related social
behavior than young adults, a one-way ANCOVA was run on SRS-2 Total Scores between
young adult and middle-aged adults with ASD. For the behavioral measure of executive
function, a one-way ANCOVA was performed on the ToL measure of interest (Total Move
Count) with group as four-level factor. Least Significant Difference post-hoc comparisons
were conducted when significant omnibus effects were present. For analyses of executive
functioning and ASD-related social behavior, 1Q was included as a covariate given that its
influence on cognitive and social functioning may mask associations with age and other
variables (Bora & Pantelis, 2016; Steinberg, Bieliauskas, Smith, Ivnik, & Malec, 2005). To
confirm the relationship between ASD-related social behavior and metacognitive aspects of
executive functioning in young and middle-aged adults with ASD, correlations were
evaluated between the SRS-2 Total Score and the ToL Total Move Count. Alpha was set at
0.025 for family-wise error correction of the correlation run separately in the two groups.
Exploratory analyses were run on the SRS-2 Social Cognition Subscale, due to its specific
relevance to cognitive interpretation of social behavior, with no correction for multiple
comparisons.

Group ICN Comparisons.—A group-level random effects factorial analysis was
conducted in SPM-12 on the EN network (Figure 1) with age group (young adult, middle-
aged) and diagnosis group (NT, ASD) as factors and 1Q as a covariate given its potential to
mask age effects (Adleman et al., 2002). The whole brain analysis was overlayed with an
inclusive neurosynth.org generated mask using the search term “executive,” which yields
786 studies informing brain regions relevant to executive functioning. The remaining voxels
were analyzed with a threshold of p<.05, False Discovery Rate corrected. The a priori
contrast of interest modeled “exacerbated aging” in ASD (henceforth referred to as the
“exacerbated aging in ASD” contrast) to detect areas where functional connectivity within
the EN would be greater for young-adult NT participants than young adult participants with
ASD (e.g. Just, Cherkassky, Keller, Kana, & Minshew, 2007), with an increased magnitude
of hypoconnectivity between young versus middle-aged adults with ASD compared to NT
adults. Normal age-related hypoconnectivity of the EN is established in the literature
(Damoiseaux, 2017; Zhang et al., 2014), and this contrast tests the hypothesis that adults
with ASD experience exacerbated age-related hypoconnectivity. Main effects of age group
and diagnosis group were also examined, but not expected given the hypothesis that age
group would affect diagnosis groups differently.

EN Correlations with ASD-Related Social Behavior.—Mean region of interest z-
scores were extracted for each participant using the marsbartool in SPM-12 (Brett, Anton,
Valabregue, 2002) for 5mm spherical regions of interest (ROIs) based on Seeley and
colleagues’ (2007) analysis of the EN. In a confirmatory analysis, correlations were
examined for both middle-age and young adult ASD participants between the SRS-2 Total
Score and functional connectivity in bilateral dIPFC. These two ROIs were selected based on
Nitschke et al.’s (2017) meta-analysis results implicating dIPFC in planning performance

Res Autism Spectr Disord. Author manuscript; available in PMC 2020 May 13.


https://neurosynth.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Walsh et al.

Results

Page 11

during the ToL. Alpha was set at 0.0125 for family-wise error correction of the two
correlations run in each of the two groups. Exploratory correlations were run between the
SRS-2 Total Score and the remaining EN ROIs from Seeley and Colleagues (2007) as well
as the Social Cognition Subscale and all EN ROIs, with no correction for multiple
comparisons. No correlations were investigated between the ToL and EN connectivity, as a
detailed examination of relationships between the EN and behavioral measures of executive
function were beyond the scope of this study and have previously been explored extensively
(Niendam et al., 2012).

Behavioral Comparisons and Correlations

There were no significant differences between young and middle-age men with ASD on
SRS-2 Total Scores (Fz, 42~1.72, p=0.20, 77p2:0-04i Table 1). However, exploratory
analyses revealed middle-age men with ASD had higher scores on the SRS-2 Social
Cognition Subscale compared to young adult men (£, 42~4.10, p=0.05, 7,°=0.09; Table 1).
There were no significant differences between groups (young and middle-age ASD and NT)
for the ToL Total Move score (F3 gg=1.74, p=0.17, 1,°=0.06; Table 1).

The correlation between SRS-2 Total Scores and ToL Total Moves was not significant for
middle-age men with ASD (r,;=0.39, p=0.07) or young-adult men with ASD (r;4=0.10,
p=0.68; Figure 2a, Table 2). However, for the SRS-2 Social Cognition Subscale exploratory
analyses, there were significant correlations with ToL Total Moves for middle-age (7,7=0.49,
p=0.02) and young adult men with ASD (r;4=0.49, p=0.03; Figure 2b, Table 2).

EN Comparisons and Correlations

Using the previously described “exacerbated aging in ASD” contrast, whole-brain analyses
using small-volume correction with an inclusive EN mask revealed two bilateral clusters in
the left and right dIPFC (Figure 3). However, only the left dIPFC survived statistical
correction at the cluster level (0=0.025, FDR-corrected), while both the right and left dIPFC
peak values approached significance (Table 3). No significant main effects were observed
for age group or diagnosis group within the EN (Supp. Table 1).

Confirmatory analyses examined associations between bilateral dIPFC ROIs and SRS-2
Total Scores. Indeed, a significant correlation was found between the right dIPFC and SRS-2
Total Scores for middle-aged men with ASD (r»= —0.52, p=.01), but not young adult men
with ASD (r;5=0.36, p=0.11; Figure 4a; Table 2). Correlations with the left dIPFC were not
significant for either group (young adult: r;5=0.28, p=0.22; middle-age: r»;=0.25, p=0.25;
Table 2). Further exploratory analyses examining correlations with the SRS-2 Social
Cognition Subscale identified a weaker correlation with the right dIPFC in middle-age men
with ASD (r»= —0.47, p=0.02), but not young adult men with ASD (r;5=0.13, p=0.58;
Figure 4b; Table 3). There were no significant relationships between left dIPFC and SRS-2
scores in either group (young adult: r;4=0.04, p=0.87; middle-age: r»;=0.05, p=0.82), or for
any of the additional exploratory EN ROIs (Supp. Table 2).
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Discussion

The present study examined age group differences in ASD-related social behavior and
underlying neural mechanisms in a cross-sectional sample of men with and without ASD.
Our hypothesis of age group differences in ASD-related social behavior based on the SRS-2
Total Score was not supported; however, an exploratory analysis revealed older men with
ASD demonstrated greater ASD-related social cognition difficulties that was related to
decreased executive function performance. These findings may suggest increased presence
of ASD-related social cognition difficulties in older men with ASD, and that social cognition
difficulties are underpinned by executive function abilities across the adult range. However,
this should be interpreted with caution due to the exploratory nature of analyses involving
the SRS-2 Social Cognition subscale. We confirmed that men with ASD demonstrate a
pattern of hypoconnectivity in the left dIPFC of the EN, as compared to NT men, and that
the magnitude of hypoconnectivity is greater in older men with ASD. This suggests older
age group membership may have a larger effect on EN hypoconnectivity in adults with ASD
than NT adults. Further, we confirmed that older men with the least connectivity of the right
dIPFC to the EN endorsed the greatest levels ASD-related social difficulties. These findings
provide preliminary evidence that age group differences in dIPFC connectivity may increase
social difficulties in older adults with ASD.

Age Group Differences in ASD-Related Social Behavior

In the present study, exploratory analysis of the SRS-2 Social Cognition Subscale suggests
that, compared to young adults, older men with ASD show poorer performance in the
interpretation of social behavior. However, previous literature is mixed on age-related
symptom exacerbation in ASD. In cross-sectional samples, three studies have reported that
older age is associated with increased overall self-reported ASD symptoms and/or ASD-
related social behavior in non-intellectually disabled adults with ASD (Abbott et al., 2018;
Happé et al., 2016; Lever & Geurts, 2018). All of these studies utilized the Autism Spectrum
Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001), a screener
intended to identify traits associated with ASD in the general population. Lever and Geurts
(2018) reported a quadratic association between age and overall AQ scores, suggesting that
symptoms peak during middle-age. However, AQ social subscale scores followed a linear
trend indicating that this domain may continue to be vulnerable to aging, although the cross-
sectional nature of these studies cannot control for cohort effects. On the other hand, there
are several studies that did not find associations between age and ASD-related social
behavior. Bishop and Seltzer (2007) did not find changes associated with age in a cross-
sectional sample using the AQ; however; their sample included a large proportion of
intellectually disabled participants. There is some evidence that higher intellectual ability is
associated with more endorsement of ASD symptoms on self-report measures (Bishop &
Seltzer, 2012). Bastiaansen et al. (2011) found older age in adults with ASD was associated
with better scores on the Social Functioning Scale, a self-report and informant-report
measure developed to describe social adjustment in schizophrenia (Birchwood, Smith,
Cochrane, Wetton, & Copestake, 1990), but not on the ADOS-2 Social and Reciprocal
Interactions subscale. It is unclear how sensitive the Social Functioning Scale is at detecting
ASD-related social behavior. Additionally, two studies have utilized the Autism Diagnostic
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Interview — Revised (ADI-R; Lord et al., 1994) to probe the question of age effects on ASD
symptoms. In these longitudinal studies, Howlin and colleagues (2013) found improvements
on the ADI-R social domain between young and middle adulthood; while Shattuck and
colleagues (2007) found no changes after a four-year follow up period in adults over 30.
Unfortunately, the single follow-up in the study by Howlin and colleagues (2013) leaves
open to question the trajectory of symptoms within that 20-year follow up period; similarly,
the 4 year follow-up period leaves to question the possibility of changes at later life stages. It
has been suggested that older adults with ASD experience symptom amelioration during
adolescence and young adulthood (Magiati, Tay, & Howlin, 2014) and symptom
exacerbation during middle-age (Lever & Geurts, 2018), and therefore multiple longitudinal
follow-ups would be required to describe such patterns.

Three studies have examined constructs related to social behavior (e.g. empathy, perspective-
taking, and personal distress in response to others’ distress) in cross-sectional samples with
ASD. While Lever and Geurts (2016) found that middle age was related to worse theory of
mind scores on a performance-based measure; a subsequent study by Lever and Geurts
(2016) found no age-related differences in perspective-taking, empathy, or personal distress
in response to others’ distress using a self-report measure. Similarly, Happé et al. (2016) and
Abbott et al. (2018) found no changes in self-reported empathy. However, the lack of age
effects on affective empathy measures in some of these studies may suggest that aging
specifically impacts cognitive rather than affective aspects of social functioning. Given this
literature and the current findings, it is difficult to form decisive conclusions regarding the
trajectory of ASD-related social difficulties into later adulthood in ASD. Further research is
warranted in longitudinal samples to disentangle cohort effects.

Age Group Differences in EN Functional Connectivity

Our findings provide preliminary evidence that older men with ASD experience a larger age
group reduction in prefrontal EN connectivity than NT men. Research on brain aging in
ASD remains limited and inconclusive. One cross-sectional study demonstrated exacerbated
brain aging trajectories in ASD in white matter integrity (Koolschijn et al., 2016). However,
Koolschijn and Geurts (2016) reported that declines in gray matter volume and thickness
were parallel to declines observed in NT adults. While no studies have examined age-related
differences in functional brain connectivity in ASD, studies examining young and older
adults separately indicate hypoconnectivity within the EN and related executive control
networks. For example, older adults with ASD have demonstrated reduced task-based
engagement of a working memory network compared to NT adults, suggesting potential
hypoconnectivity in executive control systems (Braden et al., 2017). In younger persons with
ASD, connectivity abnormalities within the EN are characterized by reduced connectivity
within prefrontal regions, including the bilateral dIPFC in both resting-state and task-based
fMRI (Elton et al., 2016; Just et al., 2007; Solomon et al., 2017). It has been suggested that
frontal-posterior underconnectivity is a hallmark of ASD and may underlie symptoms (Just,
Keller, Malave, Kana, & Varma, 2012); this study provides preliminary evidence that older
adults show reduced network integration in a key dIPFC node of the EN compared to young
adults. In literature on NT aging, findings of reduced integration in prefrontal and other
regions of the EN with age have also been reported (Sala-Llonch, Bartrés-Faz, & Junqueé,
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2015). Furthermore, these declines are more dramatic relative to three other resting-state
canonical cognitive networks, showing predominantly right lateralized reductions in
connectivity in the EN (Zhang et al., 2014). Thus, our findings specific to the PFC show
convergence with other findings in younger persons with ASD and normal aging. However,
our effects were strongest in the left prefrontal region of the EN, perhaps suggesting that the
left hemisphere may be more affected in ASD or effects are more bilateral than in normal
aging. Lastly, one group found an age-related association of increased inferior frontal lobe
recruitment in early middle-age adults with ASD in response to social stimuli which was
correlated with improved ASD-related social behavior (Bastiaansen et al., 2011). This may
reflect important age-related compensatory mechanisms in ASD. Given the limited scope of
literature on functional brain aging in ASD, further research is necessary to verify these
findings in a longitudinal sample.

Relationships between Planning and ASD-Related Social Behavior

No significant associations were observed between ToL and SRS-2 Total Scores; however,
exploratory correlations found that in both older and young adult men with ASD, those who
had the poorest executive function (i.e. planning via ToL) endorsed more ASD-related social
cognition difficulties. One study has previously examined the relationship between executive
functioning and ASD traits in older adults with ASD. In contrast to our findings, the study
found executive functioning and ASD traits were correlated in females but not males in a
sample of adults ranging in ages from 18-75 (Abbott et al., 2018). Interestingly, Abbott and
colleagues (2018) demonstrated that planning measures were the most significant executive
functioning predictors of AQ scores when accounting for anxiety, empathy, and ASD-related
systematizing behavior in both male and female groups. However, similar to some of our
analyses, Abbott and colleagues (2018) was exploratory and did not correct for multiple
comparisons, so replication is warranted. In younger persons with ASD, the relationship
between executive functioning and ASD-related social behavior has been documented in
several studies. Across development, better executive functioning scores predict improved
social behavior (Pugliese et al., 2016, 2015). Metacognitive aspects of executive functioning
(which include planning abilities) uniquely predict ASD-related social behavior in children
and adolescents with ASD, while behavior regulation aspects of executive functioning
predict social behavior in both ASD and NT groups (Leung et al., 2015). Furthermore, there
is emerging evidence that good executive functioning is a feature of a subset of individuals
with ASD who demonstrate effective symptom “masking” (Livingston, Colvert, Bolton, &
Happé, 2018). Given the limited research on relationships between executive functioning
and social behavior in older adults with ASD, further research is warranted.

Behaviorally, this study did not observe significant age group differences in ToL
performance for either ASD or NT groups. This lack of effect may be due to the middle-age
bracket of this study (relative to an elderly group), where age-related cognitive differences
may not yet be detectable using behavioral measures. Alternatively, it may be the case that
age-related planning differences in ASD parallel NT aging or remain relatively preserved.
Importantly, it should be noted that variance in executive functioning abilities is observed in
younger persons with ASD (Lai et al., 2017), suggesting that this cross-sectional sample
may lack sufficient power to detect subtle cognitive changes associated with early stages of

Res Autism Spectr Disord. Author manuscript; available in PMC 2020 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Walsh et al.

Page 15

aging in ASD. Further research is necessary to confirm the trajectory of age-related planning
differences in ASD using older age brackets and longitudinal observations.

Relationship between EN Functional Connectivity and ASD-Related Social Behavior

In this study, older men with the least connectivity of the right dIPFC to the EN endorsed the
greatest levels ASD-related social behavior. The left and right mid-dorsolateral prefrontal
cortices (BA 46) are heavily implicated in planning and planning complexity in NT adults
(Nitschke et al., 2017). Thus, findings that better self-reported social functioning is
associated to higher connectivity in a region of right BA 46 linked to planning provides
corroborating neural evidence for behavioral associations between worse ToL performance
and more ASD-related difficulties with social cognition. More specifically with reference to
the right dIPFC, this region has been implicated in social norm compliance when emotions
motivate individuals to take action. Specifically, increased connectivity between the lateral
orbitofrontal cortex and right dorsolateral prefrontal cortex is implicated in increased social
norm compliance (Spitzer, Fischbacher, Herrnberger, Gron, & Fehr, 2007). It is unclear if
connectivity between these regions is driving the observed association with social behavior,
given that the current analysis examined regional connectivity with the whole EN. Thus, it
remains unclear which specific EN connections with the right dIPFC underlie the association
with ASD-related social behavior. Future work investigating this is warranted.

Although no studies have examined relationships between EN functional connectivity and
symptoms in older adults with ASD, there is evidence in younger persons suggesting that
connectivity within the EN is linked to ASD-related social behavior. Interestingly, EN
connectivity was not related to social behavior in our group of young-adult men with ASD.
Although there appears to be a positive relationship between these two variables (Figure 4a),
this was not significant, thus cannot be interpreted. Elton and colleagues (2016) found that
patterns of increased connectivity within the EN and between the EN and other networks
(increased segregation) was related to increased ASD-related social behavior. Two task-
based studies provide evidence that increased network integration in the EN is linked to
reduced ASD traits and ASD-related difficulties in theory of mind, respectively. One study
found that reduced mean connectivity within the EN was linked to increased ADOS scores
(Just et al., 2007). Another study reported reduced prefrontal connectivity in the EN during a
theory of mind task relative to NT participants (Kana, Keller, Cherkassky, Minshew, & Just,
2009). These studies provide general evidence that improved integration in the EN that may
extend beyond the dIPFC supports social behavior. It has been suggested that reduced
synchronization of prefrontal with more posterior brain regions underlies ASD traits (Just et
al., 2012), in line with our observation of reduced dIPFC synchronization within the EN. We
conducted exploratory correlations with ASD-related social behavior and other non-
prefrontal EN nodes based on Seeley and Colleagues (2007; dorsomedial PFC, right and left
PPC, and left frontal operculum) and found no significant effects. Given the exploratory
nature of these additional nodes, further research is needed to describe specific connectivity
patterns associated with executive functioning and their relationship to social behavior in
adults with ASD.
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Limitations

Despite significant contributions to the understanding of ASD-related social behavior in
advanced age groups and its relationship with behavioral and brain measures of executive
function, some limitations remain that warrant caution in interpretation of findings. First,
this is a small cross-sectional sample containing moderately unequal distributions across
groups and cohort differences (e.g. age of diagnosis, treatment history, etc.). We chose our
young adult group with 15 years of separation from our middle-age group in order to reduce
variance and gain power for age group comparisons. Although our middle-age range was
chosen based on the only other study of brain connectivity in older adults with ASD
(Koolschijn et al., 2016), it is relatively large, and groups would be very small if divided into
age bins (i.e. 10 year increments). Importantly, others have found this range to be relatively
stable in ASD traits (Lever and Geurts, 2018) and global cognitive function in NT adults
(MMSE; Hoogendam, Hofman, van der Geest, van der Lugt, & lkram, 2014), suggesting it
is reasonable to group this wide range. Although our sample size is in line with other fMRI
studies in ASD (e.g. Assaf et al., 2010; Just et al., 2006), future larger studies are needed that
can assess age as a continuous variable across adults with longitudinal follow-up to parse out
cohort effects. Second, this is a male-only sample. Since there are sex differences in many of
the cognitive and brain measure we investigated, a male only sample was chosen for this
initial study due to the difficulty of recruiting sufficient middle-age women with ASD to
explore sex interactions. Future research on cognitive and brain aging in women with ASD
is sorely needed. Third, psychiatric diagnoses of depression and anxiety were not considered
exclusionary criteria for the ASD group due to high co-morbidity in the population.
Additionally, it was not possible to match groups on education and achieve a reasonable age
distance between young-adult and middle-age groups, thus there were significant differences
on this measure across groups. Longitudinal examinations will be important for parsing out
potentially confounding cohort effects of individual participant differences such as
education, intervention history, and psychiatric comorbidities. Lastly, this sample was
limited to non-intellectually disabled men in order to ensure task compliance. Future
research is warranted to examine a broader range of intellectual functioning with appropriate
methods.

Motion often presents as a limitation for MRI research in ASD populations, and has been
found to confound resting-state functional connectivity results (Power, Schlaggar, &
Petersen, 2015). However, motion in the sample was very limited, with only 7% of the
sample demonstrating >0.2mm translational movement, which has been recommended as a
maximum threshold for resting-state functional connectivity analyses. However, no
participants exceeded the moderate threshold of 0.9mm translational movement. Motion was
further mitigated by the use of independent component analysis to identify and remove
motion-related components, a method that has been found to be effective in the absence of
motion scrubbing even in high-motion cohorts (Starck et al., 2013). In fact, ICA has been
found to outperform motion scrubbing in a study comparing denoising methods
(Middlebrooks et al., 2017). A recent review outlines the number one benefit of ICA is its
robustness to artifacts (Calhoun & Lacy, 2017). However, we cannot be certain motion did
not add minor noise to our data.
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Implications

This study furthers understanding of age group differences in ASD-related social
behavior and executive functioning from both a behavioral and a neural perspective.
Results provide exploratory evidence for increased levels of ASD traits, specifically
difficulties with social cognition (e.g., interpretation of social cues and actions) in older
adults vs. young adults with ASD. Furthermore, this study observed a pattern of
hypoconnectivity within the dIPFC of the EN in middle-age vs. young adults with ASD
relative to NT groups consistent with a pattern of “exacerbated aging” in ASD. Poorer
planning performance was associated with increased ASD-related social cognition
difficulties in older men with ASD; this finding was validated at a neural level between
dIPFC hypoconnectivity and greater ASD-related social behavior. The findings of this
study raise concerns that aging may increase ASD-related social difficulties. This study
also provides preliminary evidence that a mechanism for age-related increases in ASD-
related social behavior may be declining executive functioning, a cognitive domain that
may enable symptom masking/compensation. Longitudinal replications are warranted to
confirm findings of age-related differences in the absence of cohort differences.
Ultimately, characterizations of age-related changes in ASD traits and functional brain
connectivity will inform identification and development of individualized,
neurobiologically-based interventions for adults with ASD across the lifespan.
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Figure 1.
Spatial map for the executive network (EN) across all participants, which contain key nodes

in the bilateral dorsolateral prefrontal cortex (dIPFC) and posterior parietal cortex (PPC),
with moderate left lateralization.
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Correlation between Tower of London Total Moves and SRS-2 (a) Total and (b) Social
Cognition Subscale Raw scores. *p<0.05, corrected; “p<0.05 exploratory; Middle-Age
(MA); Young-Adult (YA)
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Group
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—ASD

Mean Right dIPFC FC

Figure 3.
EN connectivity regions of age group by diagnosis group “exacerbated aging” interaction

contrast in (a) left and (b) right hemispheres. Insets depict mean FC values from cluster peak
to the rest of the EN for each group: Neurotypical (NT; blue); autism spectrum disorder
(ASD; yellow); Middle-Age (MA); Young-Adult (YA); dorsolateral prefrontal cortex
(dIPFC)
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Correlation between functional connectivity of the right dIPFC ROI and SRS-2 (a) Total and

(b) Social Cognition Subscale Raw scores. *p<0.05, corrected; ~p<0.05 exploratory;
Middle-Age (MA); Young-Adult (YA)
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Demographic and behavioral data for young and middle-aged groups with and without ASD

YA-ASD (n=24) MA-ASD (n=25) YA-NT (n=15) MA-NT (n=21) Statistics
Age (years) 21.1(2.3) 53.0 (8.8) 20.9 (2.4) 49.7 (6.9) YA: £;7-0.20, p=.85, 7]p2=0-00
Range 18 -25 40-70 18-25 40 - 64 MA: t,=-1.42, p=.16, Up2:0-05
1Q 104.6 (14.4) 109.6 (15.0) 111.8 (13.1) 111.0 (13.5) A, 817111, p=.35, 7,7=0.04
Range 85-139 70-131 88-135 89 -141
Education 12.7 (1.3) 15.5(2.7) 14.7 (2.0) 16.0 (2.4) Fa 871047, p:.OO*, 7,%0.28
Range 9-15 11-20 12-18 9-20
ADOS-2 Total 10.3(3.6) 10.6 (3.0) - - t,7-0.33, p=.75, 7,70.00
Range 2_ 179 7-19
SRS-2 Totalb 69.7 (11.0) 73.2 (10.0) 46.6 (7.3) 45.7 (6.3) ASD: Fy, 4=1.72, p=.20,
ol
n,=0.04
Range 50-84 56 - 89 39 -66 37-60
SRS-2SC 65.8 (11.1) 713 (11.1) 45.8 (6.8) 455 (7.8) ASD: Ay, 42):4_10#:_05/‘
r],,Z:O.OQf
Range 46 - 83 48 - 90 37-60 37-72 (Exploratory)
Tol Moves 27.7 (19.8) 20.5(16.2) 15.3 (14.0) 19.6 (8.7) Fo,s0=1.74, p=17, 15 =0.06f
Range 5-76 0-52 0-45 2-36
0, 0, 0, 0,
Depressionc(% of sample) 25.00% 40.00% 0.00% 0.00%
0, 0, 0, 0,
Anxietyd(% of sample) 29.00% 56.00% 0.00% 0.00%
12.50% 24.00% 0.00% 4.76%

ADHD/ADD? (% of sample)

*
p<0.05;

N
p<0.05 explorato; Middle-age (MA); Young Adult (YA); Tol (Tower of London); SRS-2 (Social Responsiveness Scale-2n Edition); SC (Social

Cognition subscale).

a . I L
Two YA-ASD did not meet ADOS-2 criteria, but cut-off was overruled based on clinician judgment.

bThree YA-ASD and one MA-ASD were missing SRS-2 scores.

cMeasured by the Beck Depression Inventory-I1 in ASD groups and self-report in NT groups.

dMeasured by the State Trait AnxieV Inventory in ASD groups and self-report in NT groups; One YA ASD missing scores.

e
Based on self-report;

e . .
1Q included as a covariate
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Correlations between executive functioning measures and SRS-2 Scores

Behavioral Executive Functioning (ToL)

SRS-2 Correlations

Age Group  Total Score

YA-ASD ri&=. 10
Total Moves =.68
MA-ASD r2=.39

p=.07

Social Cognition Subscale (Exploratory)

r16=-49
p=.03"
f21:.49

p=02"

Neural Executive Functioning (EN Connectivity)

SRS-2 Correlations

ROI Coordinate  Age Group  Total Score

4Right dIPFC YA-ASD r16=.36
46 36 18 4AMA-ASD p=11
f21:—.52
p=01"
4Left dIPFC YA-ASD r15=.28
—42 34 20 4MA-ASD =22
/'21=.25
=25

Social Cognition Subscale (Exploratory)

r5=.13
=58

r21:—.47
p=02"

r16=.04
=87
r/=.05
=82

*
p<.05, corrected;

Page 28

N
p<0.05 exploratory; Middle-age (MA); Young Adult (YA); Social Responsiveness Scale-2 (SRS); Tower of London (ToL); Executive Network
(EN); Region of Interest (ROI); 1Q included as a covariate in all analyses
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