Journal Articles

Donald and Barbara Zucker School of Medicine
Academic Works

2015

Neural systems mediating decision-making and
response inhibition for social and nonsocial stimuli
in autism
K. M. Shafritz
Northwell Health

J. D. Bregman
Northwell Health

T. Ikuta
P. R. Szeszko
Hofstra Northwell School of Medicine

Follow this and additional works at: https://academicworks.medicine.hofstra.edu/articles
Part of the Psychiatry Commons
Recommended Citation
Shafritz K, Bregman J, Ikuta T, Szeszko PR. Neural systems mediating decision-making and response inhibition for social and
nonsocial stimuli in autism. . 2015 Jan 01; 60():Article 910 [ p.]. Available from: https://academicworks.medicine.hofstra.edu/
articles/910. Free full text article.

This Article is brought to you for free and open access by Donald and Barbara Zucker School of Medicine Academic Works. It has been accepted for
inclusion in Journal Articles by an authorized administrator of Donald and Barbara Zucker School of Medicine Academic Works.

HHS Public Access
Author manuscript
Author Manuscript

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2016
July 03.
Published in final edited form as:
Prog Neuropsychopharmacol Biol Psychiatry. 2015 July 3; 60: 112–120. doi:10.1016/j.pnpbp.
2015.03.001.

NEURAL SYSTEMS MEDIATING DECISION-MAKING AND
RESPONSE INHIBITION FOR SOCIAL AND NONSOCIAL STIMULI
IN AUTISM
Keith M. Shafritz, Ph.D.a,b,*, Joel D. Bregman, M.D.b,f, Toshikazu Ikuta, Ph.D.c, and Philip R.
Szeszko, Ph.D.b,d,e

Author Manuscript

aDepartment

of Psychology, 135 Hofstra University, Hempstead, NY 11549

bFeinstein

Institute for Medical Research, North Shore-LIJ Health System, 350 Community Drive,
Manhasset, NY 11030
cDepartment

of Communication Sciences and Disorders, University of Mississippi, University, MS

38677
dZucker

Hillside Hospital, Psychiatry Research, 75-59 263rd Street, Glen Oaks, NY 11004

eHofstra

North Shore – LIJ School of Medicine, Hempstead, NY 11549

fThe

Center for Autism, 3905 Ford Road, Philadelphia, PA 19131

Abstract
Author Manuscript
Author Manuscript

Autism is marked by impairments in social reciprocity and communication, along with restricted,
repetitive and stereotyped behaviors. Prior studies have separately investigated social processing
and executive function in autism, but little is known about the brain mechanisms of cognitive
control for both emotional and nonemotional stimuli. We used functional magnetic resonance
imaging to identify differences in neurocircuitry between individuals with high functioning autism
(HFA) and neurotypical controls during two versions of a go/no-go task: emotional (fear and
happy faces) and nonemotional (English letters). During the letter task, HFA participants showed
hypoactivation in ventral prefrontal cortex. During the emotion task, happy faces elicited
activation in ventral striatum, nucleus accumbens and anterior amygdala in neurotypical, but not
HFA, participants. Response inhibition for fear faces compared with happy faces recruited
occipitotemporal regions in HFA, but not neurotypical, participants. In a direct contrast of
emotional no-go and letter no-go blocks, HFA participants showed hyperactivation in extrastriate
cortex and fusiform gyrus. Accuracy for emotional no-go trials was negatively correlated with
activation in fusiform gyrus in the HFA group. These results indicate that autism is associated
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with abnormal processing in socioemotional brain networks, and support the theory that autism is
marked by a social motivational deficit.
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Autism Spectrum Disorder; Emotion; Cognition; Executive Function; fMRI

1. Introduction

Author Manuscript

Autism spectrum disorders (ASD) are neurodevelopmental disorders characterized by
impairments in social reciprocity, interaction and communication, and restricted/repetitive
interests and behaviors. A prominent feature of ASD is an inability to implement socially
appropriate behaviors or choose the most fitting behavioral response in a given social
situation. Such behavioral flexibility requires the identification of facial expressions, eye
movements, and body posture, coupled with the cognitive control mechanisms provided by
executive functions (EF) such as planning, monitoring, and inhibiting prepotent responses.

Author Manuscript

Studies indicate altered functioning within brain regions responsible for socioemotional and
EF processes in autism (Dichter and Belger, 2007; Dichter et al., 2009; Kana et al., 2007;
Kleinhans et al., 2009; Schmitz et al., 2006; Shafritz et al., 2008), but most have investigated
social and emotional aspects of human behavior apart from the cognitive control
mechanisms necessary to implement appropriate behaviors. Therefore, little is known about
the underlying neural processes that bridge cognitive control mechanisms with emotional
processing in ASD. It is also unclear whether social impairments in ASD are related to
emotion recognition deficits; some studies document impaired emotional recognition
(Ashwin et al., 2006a; Pelphrey et al., 2002; Rump et al., 2009), while others show no
impairments (Ashwin et al., 2006b; Corbett et al., 2009; Geurts et al., 2009; Monk et al.,
2010; Wang et al., 2004). Previously observed deficits in emotional face recognition may be
driven primarily by impairments in rapid decision-making with social stimuli, rather than a
deficit in emotion recognition, per se (Clark et al., 2008). Prominent theories explaining
emotion recognition deficits in autism invoke hypoactivity in fusiform gyrus during face
processing tasks (Corbett et al., 2009; Pelphrey et al., 2007; Schultz et al., 2000), but not all
evidence supports this notion (Duerden et al., 2013; Hadjikhani et al., 2004; Perlman et al.,
2011).

Author Manuscript

Another proposal suggests that a motivational deficit in which social information is not
rewarding may underlie social impairments in ASD (Dawson et al., 2005), but limited
evidence supports this hypothesis. There is some indication of diminished neural responses
in nucleus accumbens/ventral striatum during the anticipation of social reward (Richey et
al., 2014) and during a social reward learning task (Scott-Van Zeeland et al., 2010), and in
dorsal striatum during the receipt of social reward (Delmonte et al., 2012). However, other
studies have found hypoactivation in these brain regions in ASD during anticipation or
receipt of monetary rewards, but not social rewards (Dichter et al., 2012a; Dichter et al.,
2012b; Kohls et al., 2013).
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The current study sought to address these limitations and contradictory findings. We used
functional magnetic resonance imaging (fMRI) to examine whether regional brain activation
would differ between ASD and control groups during a letter go/no-go task and an
emotional go/no-go task. The emotional go/no-go (Hare et al., 2005; Shafritz et al., 2006)
examines rapid decision-making coupled with emotion recognition by requiring participants
to quickly respond or inhibit responses to faces of varying emotions. Prior work has
demonstrated that dorsal anterior cingulate cortex (ACC) and lateral prefrontal cortex are
strongly implicated in nonemotional go/no-go performance, while pregenual ACC is
differentially recruited by specific emotions in emotional go/no-go paradigms (Albert et al.,
2012; Shafritz et al., 2006). Moreover, relatively intact emotional go/no-go performance has
been observed in ASD (Duerden et al., 2013; Geurts et al., 2009), and any observed deficits
on this task may be related to the desire to view emotional faces, rather than a deficit in
decision-making regarding these faces (Yerys et al., 2013). Further, no studies have used the
go/no-go to examine the neural correlates of decision-making in both emotional and
nonemotional contexts in autism. Although prior fMRI work (Duerden et al., 2013) has
examined response inhibition for social stimuli in autism, this study lacked a nonemotional
control condition crucial for distinguishing cognitive control processes mediating response
inhibition in social contexts from those involved in generic response inhibition. Therefore,
the current study was designed to examine whether previously observed activation
differences during emotional go/no-go tasks in ASD are specific to emotional stimuli or
reflect deficits in more domain-general response inhibition.

Author Manuscript
Author Manuscript

Based on prevailing literature, we hypothesized that (1) during the letter go/no-go,
participants with ASD would show decreased activation compared with controls in EF
circuitry; (2) during the emotional go conditions, participants with ASD would also show
reduced activation compared with controls in amygdala (Ashwin et al., 2007; Monk et al.,
2010) for fear stimuli relative to happy stimuli, and in ventral striatum (Hare et al., 2005) for
happy stimuli relative to fear stimuli; (3) contrasting fear no-go with happy no-go would
yield activation differences in pregenual ACC (Albert et al., 2012; Shafritz et al., 2006); (4)
for emotional no-go, participants with ASD would show increased activation in fusiform
compared with controls (Duerden et al., 2013).

2. Methods
2.1 Subjects

Author Manuscript

Participants in the autism group were 20 individuals (17 male, 3 female) with High
Functioning Autism (HFA), recruited from the Linder Center for Autism and Developmental
Disabilities within the North Shore-LIJ Health System. All participants met DSM-IV criteria
for either Autistic Disorder (n=14) or Asperger’s Disorder (n=6), established through the
Autism Diagnostic Interview-Revised (Lord et al., 1994) and the Autism Diagnostic
Observation Schedule-Generic (Lord et al., 2000), administered by an experienced
psychiatrist (J.B.). Five participants in this group failed to meet motion criteria for fMRI
data analysis (see Functional Image Analysis) and were excluded from the final sample.
Therefore, the final HFA sample consisted of 15 individuals (12 male, 3 female; 11 meeting
criteria for Autistic Disorder, 4 meeting criteria for Asperger’s Disorder; mean age 18.1
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years, age range 13–23). Exclusion criteria were presence of co-morbid mood, anxiety,
psychotic, or seizure disorders, or Attention-Deficit/Hyperactivity Disorder, and IQ<70. IQ
scores were obtained using the Wechsler Abbreviated Scale of Intelligence (WASI). Mean
(SD) IQ scores for the autism group were: Full-Scale = 101.5 (18.6), Verbal = 105.7 (18.8),
Performance = 103.5 (17.4). Five participants reported no history of medication use. Two
reported a history of psychostimulant use, but were free of medication at the time of study.
Eight participants were currently using the following medications (numbers in parentheses):
citalopram (2); escitalopram (1); alprozolam (1); venlafaxine (1); sertraline (1); aripiprazole
(2); clomipramine (1); lithium (1) and guanfacine (1). Based on psychiatric evaluations,
symptoms shared with other conditions (such as anxiety or impulsivity) were best attributed
to autism rather than independent co-morbid disorders. Hence, medications targeted
symptoms related to autism.

Author Manuscript

Eighteen age- and sex-matched neurotypical control participants (15 male, 3 female) were
recruited by advertisement. Three participants in this group failed to meet fMRI motion
criteria and were excluded. Therefore, the final control group consisted of 15 individuals (12
male, 3 female; mean age 18.4 years, age range 12–23). All participants in this group were
screened through detailed interviews to assure absence of psychiatric, neurological, or
developmental disorders. Mean (SD) IQ scores for the control group were: Full-Scale =
115.2 (9.3), Verbal = 118.8 (14.9), Performance = 108.0 (8.1). Full-Scale IQ scores differed
between the autism and control groups (p < .05), but this difference was driven by a
marginal difference in verbal IQ (p = .05); there were no between-group differences in
performance IQ (p = .39). Considering the characteristic impairment in verbal
communication among individuals with autism, the difference in verbal IQ was expected.

Author Manuscript

All participants (and parents or guardians if applicable) received a complete verbal
description of the study. This study was approved by the North Shore – LIJ Institutional
Review Board and written informed consent was obtained from all participants or parents
(with written assent from participants) as appropriate.
2.2 fMRI Task

Author Manuscript

The task was a block design go/no-go task, using a design similar to our prior work (Shafritz
et al., 2006). In the letter version, participants viewed a series of letters and were visually
instructed to either respond (by pressing a response button) for all letters that appeared, or
respond to all letters except for ‘X’. In the emotional version, participants viewed happy,
fearful, or neutral faces and were instructed to either press for all faces, or withhold
responses specifically for happy or fearful faces. By including the letter task, we could
determine whether any between-group activation differences observed during the emotion
task were related specifically to the processing of emotional stimuli, or reflected more
domain-general inhibitory processes. Letter stimuli were uppercase consonant English
letters in bold Courier New font. Emotional face stimuli were twelve male and twelve
female Ekman faces (i.e., happy, fearful, and neutral faces from four male and four female
actors) from the Pictures of Facial Affect set (www.paulekman.com). Stimuli were
presented using E-Prime v1.1.3 (www.pstnet.com) and reverse-projected onto a screen
viewed through a mirror located over the participant’s head.
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In the go condition of the letter task, participants viewed a series of 16 letters (not including
‘X’) and were visually instructed, “Press for all letters,” via an instruction screen (3 sec). In
the letter no-go condition, participants viewed a series of 16 letters (50% were ‘X’) and were
instructed, “Do not press for ‘X’.” Figure 1 depicts sample trials from the task.

Author Manuscript

In the emotion task, participants viewed happy, fearful, or neutral faces and were instructed
to either press for all faces, or withhold responses specifically for happy or fearful faces. To
determine the distinct neural circuitry engaged by happy and fearful faces, as well as the
neural regions responsible for inhibiting responses for happy and fearful faces, the emotion
task was divided into several conditions. During happy, fear, or neutral go conditions, 16
faces of one particular emotion were presented, and participants were instructed, “Press for
all faces,” via an instruction screen (3 sec). In the happy no-go condition, 16 presentations
were evenly divided between happy and fearful faces (or happy and neutral faces) and
participants were instructed, “Do not press for happy faces.” Similarly, during the fear no-go
condition, 16 presentations were evenly divided between fearful and happy faces (or fearful
and neutral faces) and participants were instructed, “Do not press for fearful faces.” (Figure
1). Neutral no-go blocks were not included; participants in pilot testing found it difficult to
specifically search for and inhibit responses to neutral faces, perhaps reflecting the
ambiguous nature of these faces. However, we kept neutral targets in the paradigm to
determine whether inhibition for emotional faces among neutral faces differed from
inhibition for a specified emotion among stimuli with a competing emotion.

Author Manuscript

The task was comprised of ten alternating blocks presented in a pseudorandom order: a letter
go block followed by a letter ‘X’ no-go block, a neutral go block followed by a fear no-go
block, a neutral go block followed by a happy no-go block, a fear go block followed by a
happy no-go block, and a happy go block followed by a fear no-go block. Each emotional
no-go block was always preceded by its corresponding go block to build a tendency to
respond to faces of one emotion and then create a response conflict by adding faces of
another emotion. For example, when a fear no-go block followed a happy go block, the
participant continued to respond to happy faces during the fear no-go block (consistent with
the preceding block) and inhibited responses for fear faces.

Author Manuscript

Blocks were 30 seconds in length, with 16 trials per block. Stimuli were presented for
500ms, followed by a fixation cross for 1000 ms. Each go block consisted of 100% go trials,
and each no-go block consisted of 50% go trials and 50% no-go trials randomly presented.
This ratio was chosen to be consistent with the pioneering go/no-go block designs used in
child and clinical groups (Casey et al., 1997; Vaidya et al., 1998). Each run (6 min 9 sec)
consisted of one complete sequence of the task. Data were acquired over 4 runs, with 40
blocks in total and 4 blocks (64 trials) of each task condition. Runs began and ended with 30
second rest blocks consisting of a central fixation cross. Importantly, go/no-go block pairs
were pseudorandomly ordered between runs to counterbalance the effects of scanner drift.
2.3 Acquisition of MRI Data
Images were acquired on a 3T GE Signa MRI scanner equipped with an 8-channel phased
array coil and gradients for echo-planar blood oxygen level-dependent (BOLD) imaging.
T1-weighted anatomical localizer imagers were first collected in the sagittal plane using
Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2016 July 03.
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conventional parameters, followed by a high-resolution (.94mm × 1.00mm × .94mm) 3-D
spoiled gradient recalled (SPGR) sequence collected in the coronal plane to use for coregistration of functional images. T2*-weighted BOLD images were then acquired using the
following parameters: 26 axial-oblique slices parallel to the anterior-posterior commissural
(AC-PC) line, TR: 1500ms, TE: min full, flip angle: 60°, slice thickness: 5.0mm, in-plane
resolution: 3.75mm × 3.75mm, acquisition matrix: 64 × 64 pixels over a field of view of
24cm × 24cm. A total of 246 volumes were acquired in each of 4 functional runs. The first
six volumes from each run were discarded to account for initial fluctuation in magnetization.
2.4 Functional Image Analysis

Author Manuscript
Author Manuscript

Data analysis for functional images proceeded using a conventional approach for blockdesign emotional go/no-go tasks (Elliott et al., 2002; Hummer et al., 2013; Shafritz et al.,
2006; Wessa et al., 2007). Prior to statistical analysis, images from each run were motion
corrected (realigned), co-registered to the SPGR image, normalized to the standard Montreal
Neurological Institute (MNI) template with 2 mm3 voxel size, and Gaussian-filtered (fullwidth at half-maximum = 6.0 mm) using the SPM8 program (www.fil.ion.ucl.ac.uk/spm).
Scans were discarded if movement away from the first collected volume exceeded 3 mm of
translational movement in the x, y, or z direction, or 3° of rotation. Statistical parametric
maps of BOLD activation were created for each subject meeting motion criteria by
estimating signal parameters (β-coefficients) for each of the individual go and no-go
conditions using the conventional delayed boxcar function ascribed by SPM8. Baseline
fixation periods were not specified in the model to prevent over-parameterization of the task.
Individual subject task-contrast maps were then created using t-tests to directly examine
signal difference between no-go conditions and their corresponding go conditions (to
examine inhibitory processing), happy go and fear go conditions (to examine differences
between emotions), and happy no-go and fear no-go conditions (to examine the potential
influence of specific emotions on response inhibition). To confirm differences between the
three go conditions, one-way ANOVAs compared signal difference between happy go, fear
go, and neutral go blocks. To determine brain regions specifically more engaged by
emotional go/no-go compared with letter go/no-go, images from the two emotional no-go
conditions were combined (Shafritz et al., 2006) and then directly contrasted with images
from the letter no-go task.

Author Manuscript

Group composite contrast maps were created for each comparison by averaging the signal
change for each contrast at each voxel and determining the probability that the percent
signal change across subjects was different than zero using a t-test at each voxel (secondlevel random-effects analysis). These contrast maps were created independently for the HFA
and control groups. To directly compare activations between the two groups, between-group
contrast maps were then created using two-sample t-tests for each task contrast.
Although Lieberman and Cunningham (2009) suggest a threshold of p<.005 (uncorrected)
with a 10 voxel extent to adequately balance Type I and Type II errors for social and
affective designs, we chose to be more conservative in our approach. Therefore, the
resulting maps from within-group task contrasts and between-group comparisons were
determined by using a threshold of p<.001, corrected for multiple comparisons using a
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cluster-filter of 10 contiguous voxels (Forman et al., 1995). This threshold is in line with,
although not identical to, recent clinical literature using similar task designs (Weathers et al.,
2013; Wessa et al., 2007).

3. Results
3.1 Behavioral Performance

Author Manuscript

Accuracy (percent correct) and reaction time (RT) data for each type of trial during
inhibition (no-go) blocks are shown in Table 1. Performance data were not recorded for one
control subject due to equipment failure. A 2×5 (Group X Trial Type) repeated-measures
Analysis of Variance (ANOVA) compared the accuracies for different types of go trials in
inhibition blocks. Results indicated a main effect for Trial Type, F(4,27) = 8.57, p < .001,
but no main effect for diagnostic group, F(1,27) = 2.13, nor a Group by Trial Type
interaction, F(4,27) = 1.44. Because there were no effects of group, data were collapsed
across the two diagnostic groups. The main effect for Trial Type was assessed further using
post-hoc paired-samples t-tests to compare the accuracy for each type of go trial. Results
indicated a higher accuracy for letter go trials compared with fear go, happy go, or neutral
go trials (p < .001 for all comparisons), and higher accuracy for happy go compared with
fear go (p < .05). No other significant differences were observed.

Author Manuscript

A similar repeated-measures ANOVA compared the accuracy for no-go trials. Results
indicated a main effect for Trial Type, F(4,27) = 9.38, p < .001, a marginally significant
effect for diagnostic group, F(1,27) = 3.17, p = .086, and no Group by Trial Type
interaction, F(4,27) = 1.05. Data from both groups were then collapsed, and post-hoc pairedsamples t-tests indicated a higher accuracy for letter ‘X’ no-go trials compared with both
fear no-go and happy no-go trials (p < .005 for both comparisons), but no statistical
differences for accuracy among no-go trials for the two emotions.
A final repeated-measures ANOVA compared reaction times (RT) for go trials within
inhibition blocks. Results indicated a main effect for Trial Type, F(4,27) = 25.52, p < .001,
but no main effect for diagnostic group, F(1,27) = 1.03, nor a Group by Trial Type
interaction, F(4,27) = 1.64. Data from both groups were collapsed, and post-hoc pairedsamples t-tests indicated faster RT for letter go trials compared with fear go, happy go, or
neutral go trials (p < .001 for all comparisons), and faster RT for neutral go trials among
happy faces compared with neutral go trials among fear faces (p < .001).
3.2 Imaging Data

Author Manuscript

Letter go/no-go—For control participants, within-group task contrast maps of no-go
blocks relative to go blocks (see hypothesis 1) revealed activation in bilateral ACC, right
DLPFC, right premotor cortex, and bilateral VLPFC extending into the anterior insular
cortex (Figure 2A, Table 2). In the HFA group, activations occurred in these regions, with
the exception of VLPFC/insula (Figure 2A, Table 3). Direct comparison of activations
between the two groups revealed increased activation in right VLPFC/insula in the control
group compared with the autism group (Figure 2B, Table 4).
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Emotional go/no-go—For both HFA and control participants, within-group task contrast
maps comparing emotional no-go conditions with emotional go conditions revealed
activation throughout the cortical EF network, including right DLPFC, bilateral ACC and
VLPFC/insula, and right intraparietal sulcus (IPS). Tables 2 and 3 provide regions of
activation for specific emotional no-go conditions relative to corresponding go conditions.

Author Manuscript

To examine the neural circuitry engaged by specific emotional facial expression when no
executive decision was required (see hypothesis 2), we directly compared activation for the
fear go, happy go conditions, and neutral go conditions. Control participants showed
increased activation for happy faces compared with fear faces in left lateral PFC, left
orbitofrontal cortex, and left ventral striatum, extending into the nucleus accumbens and
amygdala (Figure 3A, Table 2), but no increases in activation for fear faces compared with
happy faces. By contrast, HFA participants showed no activation differences between go
conditions. Direct between-group comparison for happy go vs. fear go confirmed increased
activation in the control group in ventral striatum and anterior amygdala (Figure 3B, Table
4).

Author Manuscript

Finally, to examine the influence of specific emotional expression on the neural circuitry
engaged by response inhibition (see hypothesis 3), we directly compared activation between
the happy no-go and fear no-go conditions. In the control group, no activation differences
were observed. However, the HFA group showed increased activation in pregenual ACC (at
the intersection of dorsal and ventral cingulate) when inhibiting responses for happy faces
compared with inhibiting for fear faces, and in precuneus/cuneus, fusiform and lingual gyri,
superior temporal sulcus, posterior parietal cortex, and amygdala when inhibiting responses
for fear faces compared with inhibiting for happy faces (Table 3). Direct between-group
comparison for fear no-go vs. happy no go confirmed increased activation in the HFA group
in precuneus/cuneus and amygdala (Figure 4A, Table 4). Direct between-group comparison
for happy no-go vs. fear no-go revealed a group difference in pregenual cingulate (p=.002)
and also in left basal ganglia (Figure 4A, Table 4).
Emotional no-go vs. Letter no-go—For both control and HFA participants, directly
contrasting activation between emotional no-go and letter no-go conditions (see hypothesis
4) resulted in activation in ventral temporal and extrastriate cortex, particularly fusiform
gyrus, with activations extending ventrally into the cerebellum (Figure 4B, Tables 2 and 3).
The extent of activation was greater for HFA participants, and direct between-group
comparison revealed a group difference in extrastriate cortex, particularly fusiform gyrus,
but at a lower statistical threshold (Figure 4B, Table 4).

Author Manuscript

3.3 Correlation Between Imaging Data and Task Performance
To determine whether BOLD activations were associated with go/no-go task performance,
Pearson correlations assessed degree of association between accuracy for emotional no-go
trials and BOLD signal change observed at each voxel in the emotional no-go vs. letter nogo contrast. No reliable correlations were observed in the control group. In the HFA group, a
significant and strong positive correlation was observed in dorsal ACC (coordinates of local
maximum [10, 38, 28], r = .73). Significant and strong negative correlations were observed
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in right fusiform gyrus ([18,−72,−16], r = −.71), right occipitotemporal junction ([36,−78,
20], r = −.80), left lingual gyrus ([−10,−82,−8], r = −.73), and left basal ganglia ([−22, 8,−2],
r = −.72). To examine these relationships further, Pearson correlation assessed degree of
association between accuracy for each no-go task condition and β-coefficients estimating
BOLD signal change for that task condition. No reliable correlations were observed in the
control group. In the HFA group, for fear no-go, a significant positive correlation was
observed in cuneus ([0,−60, 14], r = .82) and significant negative correlations were observed
in fusiform gyrus ([18,−72,−16], r = −.73), bilateral insula/superior temporal cortex
([−44,−2,−10], r = −.77; [44,16,−10], r = −.83; and [46,2,−16], r = −.75), and left VLPFC/
insula ([−38,20,−8], r = −.75).
3.4 Correlation Between Imaging Data and Demographic/Clinical Measures

Author Manuscript

Adolescence and young adulthood is associated with changes in frontal cortical activation
during inhibitory tasks (Shafritz et al., 2006; Tamm et al., 2002). To determine whether agerelated maturational processes or IQ differences may have influenced our data, we correlated
age and IQ with BOLD data for each task contrast using a whole-brain voxelwise multiple
regression for each diagnostic group. No significant correlations were observed in regions
activated by the task contrasts, and all reported activations remained after covarying for
either age or IQ.
A similar technique correlated BOLD signal change in the autism group with scores on the
Qualitative Abnormalities in Reciprocal Social Interaction Domain and the Restricted,
Repetitive, and Stereotyped Patterns of Behavior Domain of the ADI-R. No significant
correlations were observed in the regions activated by the task contrasts.

Author Manuscript

4. Discussion

Author Manuscript

In this study, we determined whether individuals with autism utilized different brain regions
compared with typically-developing individuals when completing response inhibition tasks
in emotional and nonemotional contexts. Consistent with our first hypothesis, we found that
during response inhibition for nonemotional stimuli, participants with autism lacked typical
activation observed in lateral inferior frontal cortex and insula. Contrary to predictions,
however, we observed no significant differences in DLPFC, ACC, or basal ganglia.
Consistent with our second hypothesis, we found that happy faces (relative to fear faces)
elicited activation in ventral striatum and nucleus accumbens in the control group, but not
the HFA group. Interestingly, we also observed increased activation in anterior amygdala for
happy faces relative to fear faces in control, but not HFA, participants. Based on prior
evidence, we had expected to find this group difference in the contrast of fear faces relative
to happy faces (Ashwin et al., 2007; Monk et al., 2010). In partial agreement with our third
hypothesis, we found that response inhibition for happy faces relative to response inhibition
for fear faces recruited pregenual ACC in the HFA group, but not the control group. In
addition, response inhibition for fear faces relative to response inhibition for happy faces
recruited extrastriate cortex and amygdala in the HFA group, but not the control group.
Consistent with our fourth hypothesis, we observed greater activation of fusiform gyrus
among HFA participants, compared with controls, specifically during emotional no-go
conditions. Moreover, emotional no-go task performance among HFA participants was
Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2016 July 03.
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negatively correlated with activation in fusiform. Overall task performance did not
significantly differ between groups. Therefore, between-group activation differences cannot
be accounted for simply by performance differences, and these activation differences likely
represent underlying neural mechanisms of the disorder itself apart from cognitive
performance (Duerden et al., 2013; Elliott et al., 2002; Hummer et al., 2013; Wang et al.,
2004). Activations specific to the HFA group may reflect compensatory brain mechanisms
allowing for successful completion of the task.

Author Manuscript
Author Manuscript

The current study is unique in a variety of ways. By combining emotional face stimuli with
an EF task, we were able to directly model within a single experimental paradigm socioemotional impairments and executive impairments observed in individuals with autism. This
novel design represents a significant advance over prior fMRI work that relied on the use of
nonemotional face stimuli during response inhibition (Dichter et al., 2009), emotion- and
face-matching paradigms that did not directly investigate response inhibition (Corbett et al.,
2009), or emotional go/no-go tasks without a control task (Duerden et al., 2013). Similarly,
our design models cognitive and emotional processes apart from those required by social
reward tasks (Delmonte et al., 2012; Dichter et al., 2012b; Kohls et al., 2013; Rademacher et
al., 2010; Richey et al., 2014; Scott-Van Zeeland et al., 2010; Stavropoulos and Carver,
2014), in that our task requires decisions specifically about emotional faces, rather than an
emotional face being the outcome of a response. Although these prior studies provide a solid
foundation in the study of cognitive control and social deficits in autism, their conclusions
may be limited because they did not directly investigate inhibitory control for emotional
stimuli compared with nonemotional stimuli. Therefore, the control conditions employed in
the current study help to resolve ambiguous findings from prior literature by allowing for the
direct comparison of neural recruitment under several experimental conditions. Moreover,
an important strength of our task design is that participants must look at the emotional faces
in order to maintain good task performance, thereby ensuring that all participants examined
the faces closely enough to determine the emotion conveyed by the face.

Author Manuscript

Within this context, perhaps our most intriguing finding was the lack of ventral striatal/
accumbens activation in the HFA group for happy faces relative to fear faces. Heightened
ventral striatal activation for happy faces relative to fear faces in typically-developing
individuals has been observed during a go/no-go task (Hare et al., 2005). Likewise,
activation of ventral striatum has also been observed during anticipation of happy faces as a
social reward in a speeded response task (Rademacher et al., 2010). These regions, strongly
linked to reward and motivation, have also been found to be hypoactive in participants with
autism during monetary incentive tasks (Dichter et al., 2012a; Dichter et al., 2012b; Kohls et
al., 2013; Scott-Van Zeeland et al., 2010) and occasionally during social incentive tasks
(Richey et al., 2014; Scott-Van Zeeland et al., 2010). Consistent findings for monetary
reward, but not social reward, have suggested that autism may involve dysregulation in
motivational processes in general. It has been difficult to draw firm conclusions regarding
the influence of motivational processes on social and emotional function in autism. Our
current finding of selective activation of ventral striatum and accumbens when viewing and
responding to happy faces in controls, but not in participants with autism, further indicates
that autism is characterized by a deficit in social motivation. It is conceivable that typicallydeveloping individuals appreciate in a hedonic way viewing happy faces when also viewing
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fearful faces (Hare et al., 2005), but individuals with autism lack this enjoyment. This
hypothesis is consistent with the proposal that social impairments in autism may be caused
by a motivational deficit by which social information is not rewarding (Dawson et al., 2005;
Sepeta et al., 2012). Future studies requiring individuals with ASD to rate their enjoyment of
viewing happy faces while inside the scanner would lend further support to this developing
theory.

Author Manuscript
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Another important finding in the current study was hyperactivation of fusiform gyrus in
HFA participants when comparing response inhibition for emotional stimuli with inhibition
for letter stimuli. Because the fusiform may play a prominent role in the evaluation of faces
(Kanwisher et al., 1997), this region has come under intense scrutiny in ASD research.
Earlier findings indicated that ASD is marked by a lack of activation in this region when
viewing emotional face stimuli (Schultz et al., 2000). However, more recent studies using
social decision-making tasks suggest that fusiform face area functions normally in ASD
(Hadjikhani et al., 2004; Perlman et al., 2011), is hyper-responsive in ASD (Duerden et al.,
2013), or is under-responsive only for novel faces (Pierce and Redcay, 2008). We suggest
that these prior inconsistent results are due to differences in task demands. Our current
results are consistent with the recent finding that fusiform is hyper-responsive in ASD
individuals when deciding whether to respond depending on the emotion depicted by facial
stimuli (Duerden et al., 2013). Hyperactivation of fusiform observed in the current study
may reflect increased neural processing needed to perform this task well despite its inherent
difficulty for some ASD individuals. Our finding that task performance was negatively
correlated with activation in this region strongly supports this idea, as HFA subjects who
performed poorly on the task recruited fusiform more than those who performed well. To
our knowledge, this finding is the first indication that fusiform activation may be
proportional to how well individuals with ASD process and respond to emotional face
stimuli. This correlation may help to explain previously conflicting results observed at the
group level and suggests that within-group performance must always be taken into account
when examining putative activation differences.

Author Manuscript

When evaluating hypothesis 3, we observed that HFA subjects selectively recruited
amygdala and extrastriate cortex when inhibiting responses for fear faces relative to
inhibiting for happy faces, and in pregenual ACC when inhibiting responses for happy faces
relative to inhibiting for fear faces. In these comparisons, motor components of the task are
identical, and activation differences can be attributed to the emotion to which the subject
responded (Shafritz et al., 2006). Alternatively, the contrast of the two emotional no-go
conditions may reflect cognitive set shifting due to the necessity to remap stimulus-response
rules. Regardless, it is clear that the emotion task was more cognitively demanding than the
letter task, and group differences in neural activation during emotional no-go conditions may
be due in part to this greater demand. Further, although there is no agreement as to whether a
deficit in identifying emotional facial expressions is a universal feature of autism, research
suggests that fear may be particularly difficult for individuals with autism to recognize
(Ashwin et al., 2007; Ashwin et al., 2006a; Pelphrey et al., 2002). The selective recruitment
of amygdala and pregenual ACC by the HFA group in these task comparisons might reflect
the difficulty inherent in this task and the additional cognitive effort required to process
fearful faces among competing happy faces while maintaining good task performance.
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Indeed, the lack of performance differences between the HFA and neurotypical groups
suggests that HFA participants were able to discriminate between happy and fearful faces,
and that recognition of these basic emotions appears intact in HFA.

Author Manuscript

The letter task was included in our design to determine differences between neural circuitry
engaged by emotionally-guided response inhibition and domain-general response inhibition.
During this task, we observed reduced activation in inferior frontal/insular regions in the
HFA group compared with the control group. These regions of VLPFC have been strongly
implicated in attention (Gitelman et al., 1999; LaBar et al., 1999) and response inhibition
(Casey et al., 2001; Rubia et al., 2001; Shafritz et al., 2005). It is conceivable that lack of
inferior frontal/insular activation in the HFA group reflects a more efficient neural
processing of response inhibition, as performance was equivalent with controls. However,
hypoactivation of VLPFC has been previously related to EF deficits in autism (Dichter and
Belger, 2007; Kana et al., 2007; Shafritz et al., 2008). The current findings are in line with
these prior results, and provide additional corroborative evidence for hypoactivation during
response inhibition even with equivalent performance.

Author Manuscript

It is interesting to note that we did not observe increased activation in lateral PFC for
emotional no-go relative to letter no-go, and that group differences were observed in this
region only during the letter task. We suggest that prefrontal differences observed only
during the letter task may reflect deficits in neural processing in ASD for domain-general
cognitive control, while differences observed in posterior brain regions (such as fusiform)
may reflect deficits specifically in cognitive control related to social stimuli. Unexpectedly,
we did not observe group differences during the letter task in other EF processing regions,
such as DLPFC or dorsal ACC. It is plausible that because our task was relatively easy for
both groups to complete, the task did not engage the EF network heavily enough to observe
potential activation differences in areas other than VLPFC.

Author Manuscript

Results of the current study are limited by a number of factors. First, the block design limits
our ability to examine the neural correlates of specific cognitive components of response
inhibition, such as perceiving the stimulus, making a decision, and executing that decision.
However, use of an event-related design to isolate these components would make our task
exceedingly long and not suitable for a clinical population. Further, a temporally-spaced
event-related go/no-go task would not incorporate the continuous and prepotent responding
desired here. For these reasons, recent clinical studies using the emotional go/no-go
paradigm have used block designs (Duerden et al., 2013; Hummer et al., 2013; Wessa et al.,
2007). Importantly, however, the block design allowed us to expeditiously examine response
inhibition in a tightly controlled manner, even if we could not disentangle its constituent
cognitive components.
In this regard, we also acknowledge the limitation of not using a stringent p<.05, FWEcorrected threshold; however, our use of a threshold of p<.001 with a 10 voxel extent was
chosen apriori. This rationale was based on prior evidence and theoretical viewpoints
(Lieberman and Cunningham, 2009; Weathers et al., 2013) and prior work using a block
design decision-making task with socioemotional stimuli and strict sensorimotor controls.
Such tasks do not generally produce data that are as robust as data from simple event-related

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2016 July 03.

Shafritz et al.

Page 13

Author Manuscript

perceptual or motor tasks. Therefore, only moderate effect sizes and more variable subjectto-subject results are expected for designs such as ours, and many of the designs in the realm
of affective neuroscience generally do not survive the stringent statistical thresholds used in
simple perceptual or motor tasks (Lieberman and Cunningham, 2009).

Author Manuscript

Another possible limitation is potential differences in task requirements between the
emotional and nonemotional versions of our go/no-go task. As noted above, the contrast of
the two emotional no-go conditions may, in part, reflect cognitive set shifting due to the
necessity to remap stimulus-response rules. Because we only have one nonemotional no-go
condition, this potential cognitive shift is not required by the letter task. Combining the
emotional no-go conditions into a single contrast to compare with letter no-go ameliorates
this potential confound. However, we do note that it may be difficult to reliably interpret
activation differences for the comparison of fear no-go and happy no-go due to the inability
to disentangle set shifting from emotional valence. We also acknowledge the significant
difference in full-scale IQ between the two groups. However, IQ was not correlated with the
activations observed in either group; all activations remained after controlling for IQ scores,
indicating that IQ differences did not significantly impact our results.

5. Conclusion

Author Manuscript

In summary, our findings demonstrate differential neural processing between autism and
neurotypical individuals during response inhibition tasks with both socio-emotional and
nonsocial stimuli. These neural processing differences were apparent despite equivalent task
performance between the two groups, and thus, likely reflect specific neural dysfunction in
HFA. These findings provide novel insight into the underlying brain mechanisms of
decision-making in autism, particularly decisions related to emotional aspects of human
behavior.
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Highlights
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•

We modeled decision-making in socio-emotional and nonsocial contexts in
autism

•

Autism group lacked activation in ventral striatum and accumbens for happy
faces

•

Autism group showed hypoactivation in frontal cortex for nonsocial response
inhibition

•

Autism group showed hyperactivation in fusiform gyrus for social response
inhibition

•

Findings indicate aberrant neural processing in autism during social decisionmaking
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Figure 1.

Sample task designs for (A) a go block during the letter task, and (B) a fear no-go block
during the emotion task. In the letter task, subjects viewed a series of letters and pressed a
response button for each letter presented (go blocks) or for every letter, except ‘X’ (no-go
blocks). In the emotion task, subjects viewed happy, fearful, and neutral faces and pressed a
response button for all faces (go blocks) or specifically for happy or fear faces (no-go
blocks).
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Figure 2.

Author Manuscript

(A) Within-group task contrast maps depicting brain activation for the letter ‘X’ no-go
condition relative to the letter go condition. Maps show areas of significant signal increase
during the no-go condition relative to the go condition exceeding p=.001, corrected with a
cluster filter of 10 contiguous voxels. Numerical values next to the color bars indicate the tvalue for each color. Positions (in mm) in Montreal Neurological Institute (MNI) coordinate
space are shown above each slice. (B) Between-group contrast maps showing regions of
increased activation for the control group compared with the High Functioning Autism
(HFA) group during the letter ‘X’ no-go task.
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(A) Within-group task contrast maps for the emotional go conditions. Maps show areas of
significant signal increase during the happy go condition relative to the fear go condition for
the control group (p<.001, corrected with a cluster filter of 10 contiguous voxels).
Numerical values and positions as in Figure 2. (B) Between-group contrast maps showing
regions of increased activation for the control group compared with the HFA group during
the happy go condition relative to the fear go condition.

Author Manuscript
Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2016 July 03.

Shafritz et al.

Page 21

Author Manuscript
Author Manuscript

Figure 4.

(A) Between-group contrast maps comparing the emotional no-go conditions. Maps on the
left depict brain regions significantly more activated by the HFA group compared with
controls for the contrast of fear no-go vs. happy no-go. Maps on the right depict brain
regions significantly more activated by the HFA group compared with controls for the
contrast of happy no-go vs. fear no-go. Numerical values and positions as in Figure 2. (B)
Within-group and between-group contrast maps showing regions of significant signal
increase for the emotional no-go conditions compared with the nonemotional (letter ‘X’) nogo condition.
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Performance Data for No-Go Blocks.
Task Condition

Author Manuscript

Control Group M(SD)

Autism Group M(SD)

Letter Go

100.00(0)

99.40(2.32)

Letter No-Go

93.21(7.37)

89.00(16.16)

Fear Go

93.21(8.05)

92.40(7.68)

Fear No-Go among Neutral

91.93(6.62)

81.93(12.64)

Fear No-Go among Happy

87.29(8.97)

77.00(19.56)

Happy Go

96.14(3.42)

95.00(6.45)

Happy No-Go among Neutral

93.43(7.40)

85.53(16.70)

Happy No-Go among Fear

85.93(8.96)

80.07(16.83)

Neutral Go among Fear

97.86(2.18)

91.73(7.75)

Neutral Go among Happy

93.14(7.89)

92.13(6.14)

Letter Go

430.6(99.3)

407.7(47.8)

Fear Go

507.7(94.4)

488.1(87.2)

Happy Go

520.2(100.5)

463.3(69.3)

Neutral Go among Fear

504.7(95.2)

479.0(75.0)

Neutral Go among Happy

475.6(81.4)

454.7(66.1)

Accuracy (% Correct)
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