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Abstract: Previous studies that showed decreased brain activation in people with autism spectrum disor-
der (ASD) viewing expressive faces did not control that participants looked in the eyes. This is problem-
atic because ASD is characterized by abnormal attention to the eyes. Here, we collected fMRI data from 48
participants (27 ASD) viewing pictures of neutral faces and faces expressing anger, happiness, and fear at
low and high intensity, with a fixation cross between the eyes. Group differences in whole brain activity
were examined for expressive faces at high and low intensity versus neutral faces. Group differences in
neural activity were also investigated in regions of interest within the social brain, including the amygdala
and the ventromedial prefrontal cortex (vmPFC). In response to low intensity fearful faces, ASD partici-
pants showed increased activation in the social brain regions, and decreased functional coupling between
the amygdala and the vmPFC. This oversensitivity to low intensity fear coupled with a lack of emotional
regulation capacity could indicate an excitatory/inhibitory imbalance in their socio-affective processing
system. This may result in social disengagement and avoidance of eye-contact to handle feelings of
strong emotional reaction. Our results also demonstrate the importance of careful control of gaze when
investigating emotional processing in ASD. Hum Brain Mapp 38:5943–5957, 2017. VC 2017 Wiley Periodicals,

Inc.

Key words: facial expressions; eye contact; autism; fMRI; amygdala; fear

r r

Additional Supporting Information may be found in the online
version of this article.

Contract grant sponsor: Swiss National Science Foundation; Con-
tract grant number: PP00P3-130191; Contract grant sponsor: the
Centre d’Imagerie BioM�edicale (CIBM) of the University of
Lausanne (UNIL); Contract grant sponsor: Foundation Rossi Di
Montalera; Contract grant sponsor: LifeWatch Foundation.

*Correspondence to: Nouchine Hadjikhani, A.A Martinos Center
for Biomedical Imaging, 149 13th Street, Charlestown, MA 02129.
E-mail: nouchine@nmr.mgh.harvard.edu

Received for publication 10 March 2017; Revised 8 August 2017;
Accepted 24 August 2017.

DOI: 10.1002/hbm.23800
Published online 7 September 2017 in Wiley Online Library
(wileyonlinelibrary.com).

r Human Brain Mapping 38:5943–5957 (2017) r

VC 2017 Wiley Periodicals, Inc.

http://orcid.org/0000-0003-4075-3106


INTRODUCTION

Others’ emotional faces indicate their mental states. Our
ability to read facial expressions accurately is therefore
essential to understand our social partners. Previous stud-
ies have shown that facial emotion perception is a complex
process supported by a network of interconnected brain
regions that are activated during emotion perception, and
referred to as the social brain network [see Brothers, 1990;
Vuilleumier and Pourtois, 2007 for a review]. The regions
that are part of the social brain network include the amyg-
dala, the fusiform face area (FFA), the superior temporal
gyrus/temporoparietal junction (STG/TPJ), the anterior
cingulate cortex (ACC), and the ventromedial prefrontal
cortex (vmPFC). Although the regions of the social brain
network interact during facial emotion processing, they
each carry out specific functions. Activity in the amygdala
reflects emotional reactivity to signals of threat and is
modulated by the intensity level of the facial expression.
The FFA is a region that responds selectively to faces [e.g.,
Kanwisher et al., 1997] and shows enhanced activity for
facial emotions signaling threat [e.g., Armony and Dolan,
2002; Vuilleumier et al., 2004] and higher intensity facial
emotions [e.g., Surguladze et al., 2003]. The emotional
effects on the FFA are thought to result from its direct pro-
jection from the amygdala, and to be modulated by visual
attention [e.g., Vuilleumier et al., 2001]. The STS/TPJ is
involved in processing biological motion [e.g., Puce et al.,
1998] and theory of mind [e.g., Saxe and Kanwisher, 2003]
and shows enhanced activity for emotional relative to neu-
tral faces [e.g., Engell and Haxby, 2007]. The ACC and of
the vmPFC have an important role in automatic emotion
regulation [Etkin et al., 2015], and their activity increase
during the presentation of threatening stimuli.

Autism spectrum disorder (ASD) is a neurodevelopmen-
tal condition associated with significant difficulties in decod-
ing others’ emotions [see Harms et al., 2010 for a review]
and mental states [e.g., Baron-Cohen et al., 1999; Castelli
et al., 2002; Senju and Johnson, 2009]. As a result, people
with ASD are profoundly impaired in the social domain
[DSM-5; American Psychiatric Association, 2013].

The underlying nature of emotion processing difficulties
in people with ASD remains unclear. Traditional theoretical
accounts have proposed that they have an “impoverished”
sense of socio-emotional engagement and lack interest in
other people [e.g., Hobson, 1994; Kanner and Eisenberg,
1957], which could result in less visual interest and neural
activity during emotional face perception. However, more
recent theoretical accounts suggest that people with ASD
might be overly responsive to others’ feelings, and particu-
larly to their distress [Hadjikhani et al., 2014; Smith, 2009].
According to this view, overwhelming negative feelings
caused by perceiving others’ distress might provoke the per-
son with ASD to disengage from the situation—a behavior
that could be mistaken for lack of socio-affective concern. In
addition, our group recently reported that eye-contact may
be stressful to those with ASD because of an over-activation

of the rapid threat-perception subcortical system [Hadji-
khani et al., 2017a]. A challenge for research lies in teasing
apart these alternatives (lack of concern vs. oversensitivity)
empirically.

Previous functional Magnetic Resonance Imaging (fMRI)
studies investigated whether the social brain was hypoacti-
vated or hyperactivated during facial emotion perception
in ASD. Most previous studies reported a decreased
activation [Ashwin et al., 2007; Critchley et al., 2000b; Dap-
retto et al., 2006; Grelotti et al., 2005; Pelphrey et al., 2002;
Pinkham et al., 2008], but others reported an increased
activation in ASD [Dalton et al., 2005]; see also [Dichter
et al., 2012; Kleinhans et al., 2009; Monk et al., 2009].
Critically, these discrepant findings might potentially be
explained by differences in where participants allocated
their attention. Indeed, Dalton et al. [2005] monitored
participants’ gaze patterns and showed that the more they
looked at the eye region of the face stimuli, the more their
amygdala and fusiform gyrus were activated. Other neuro-
imaging studies investigating emotion perception have not
monitored where participants were looking, and those
with ASD might have avoided the eye region, explaining
the observed hypoactivation. It is noteworthy that most
eye-tracking studies have shown that people with ASD
spontaneously look less at the central parts of faces com-
pared with controls [Klin et al., 2002; Pelphrey et al., 2002;
Senju, 2013; Falck-Ytter and von Hofsten, 2011], and it has
also been shown that ASD individuals have a greater
tendency to saccade away from the eyes when the
information is present in this region, as is the case in fear
[Spezio et al., 2006]. Hence, it is possible that hypoactivity
in the social brain regions in studies of people with ASD
is a simple reflection of lack of attention to the eyes of the
face stimuli.

In this study, we showed participants with and without
ASD pictures of faces expressing happiness, anger, or fear,
and we constrained fixation to the eye region of those face
stimuli by means of a fixation cross. Our first goal was to
investigate the social brain activation of people with ASD
during emotional face perception, when fixation was
constrained in the eye region. We hypothesized that the
presence of a fixation cross would reveal activation in the
social brain for both groups.

In addition, in this experiment, facial emotions were
expressed with two levels of intensity (40% or 100%).
Indeed, a previous study using faces expressing fear at high
and low intensity found that controls, but not those with
ASD, modulated social brain regions with intensity [Ashwin
et al., 2006]. Given that most of the information needed to
identify a face as fearful is located in the eye region [Schyns
et al., 2007] it is possible that this effect was due to ASD par-
ticipants not looking at the eye region and consequently not
assessing the intensity of a fearful expression accurately.
Thus, we hypothesized that constraining gaze to the eye
region would allow people with ASD to show a modulation
of their social brain response with intensity when viewing

r Lassalle et al. r

r 5944 r



fearful faces to the same extent as controls. No study to date
has investigated whether people with and without ASD
show differences in the modulation of their social brain
responses with intensity for other emotions (i.e., happiness,
anger), but we hypothesized that no such difference would
be present with participants’ fixation maintained to the eye
region.

We also aimed at assessing emotion regulation capabili-
ties in people with and without ASD by measuring the
strength of the relationship between the key region for
emotional regulation (i.e., vmPFC) and the key region for
emotional reactivity (i.e., amygdala). In accordance with
previous findings, we hypothesized that emotion regula-
tion capabilities could be decreased in ASD [Mazefsky
et al., 2013; Richey et al., 2015], especially for emotions
signaling an environmental threat (i.e., fear).

Finally, trait anxiety is highly comorbid of ASD [van
Steensel et al., 2011] and dramatically influences the proc-
essing of facial emotions [e.g., Rossignol et al., 2005]. In
particular, trait anxiety was shown to correlate with amyg-
dala activity in previous studies [Phan et al., 2006; Shin
and Liberzon, 2010]. Thus, in this experiment, measured
trait anxiety in a subsample of participants and assessed
the difference in anxiety level between our two groups.
We then investigated the relationship between partici-
pants’ anxiety and their amygdala response, to ensure that
group differences in emotion processing could not be
attributed to a difference in anxiety level.

METHODS

Participants

Sixty-eight male participants were recruited. Among those,
36 were clinically diagnosed with ASD using DSM IV-TR cri-
teria [APA, 2000] in combination with either the Diagnostic
Instrument for Social and Communication Disorder [Leekam,
et al., 2002] (8 participants) or the Autism Diagnostic Obser-
vation Schedule (ADOS) [Lord et al., 2000] (28 participants)
and the Autism Diagnostic Interview-Revised (ADI-R) [Lord

et al., 1994] (27 participants). None of the 32 controls (CON)
had a history of psychiatric/neurological disorders. ASD
participants were recruited from Lausanne, Brest, and
Gothenburg while CON participants were recruited from
Lausanne. Participants were scanned at the Centre
Hospitalier Universitaire Vaudois in Lausanne. We excluded
from the data analysis 20 subjects (9 ASD). Two subjects (1
ASD and 1 CON) were excluded for moving excessively (i.e.,
movement above a Framewise Displacement threshold of
0.9 mm [Siegel et al., 2014] >20% of time). Nine subjects
(5 ASD and 4 CON) were excluded for performing the task
too infrequently (<5/8), and nine subjects (3 ASD, 6 CON)
because they did not pass the quality control of the data. A
total of 48 male participants {27 ASD, see Table I for
Calibrated Severity Score (CSS) [Gotham et al., 2007;
Shumway et al., 2012] on the ADOS (1 module 2, 3 modules 3,
23 modules 4) and scores on ADI-R (average score from
the following subscales: social, communicative, repetitive
behaviors, and age of onset)}1 were included in the final anal-
ysis. Their age ranged from 9 to 43 years old (mean 5 21.91,
SD 5 9.14), and did not differ between the ASD and CON
group (Table I).

Intelligence Quotient (IQ) scores were obtained using
the Wechsler Nonverbal Scale of Ability [Wechsler and
Naglieri, 2006] or the Wechsler Abbreviated Scale of Intel-
ligence [Wechsler, 1999]. All participants had an IQ score
above 80, and there was no group difference in IQ scores
(Table I). Trait anxiety was evaluated with the State-Trait
Anxiety Inventory (STAI-T) [Spielberger, et al., 1983] in 23
participants (11 ASD). STAI-T scores were significantly
higher in ASD than in CON participants, which was
expected given the high clinical anxiety of ASD people
[van Steensel et al., 2011] (see Table I).

All procedures were in accordance with the Declaration
of Helsinki and were approved by the Lausanne Univer-
sity Hospital ethics committee. Written informed consent
was obtained from all adult participants and from all

TABLE I. Demographic information

ASD CON Comparison

N Mean (SD) Range N Mean (SD) Range t (DF) P value

Age (years) 27 23.63 (9.86) 9–43 21 19.70 (7.74) 12–43 1.50 (46) 0.14
IQ 27 113.15 (12.36) 82–140 21 112 (13.73) 85–141 0.30 (46) 0.76
STAI-T 11 47.82 (9.45) 36–68 12 37.42 (5.82) 28–47 3.21 (21) <0.01
ADOS (CSS) 19 6.32 (1.57) 3–9
ADI-R (average

overall score)
18 41.61 (7.80) 31–57

Demographic information including age and test scores on questionnaires measuring intelligence (IQ), and anxiety (STAI-T) for participants
with ASD and controls (CON). For ASD participants, CSS on the ADOS and average scores on the ADI-R are also provided (19 were diag-
nosed with AS, 6 with ASD, and 2 with Pervasive Developmental Disorder Not Otherwise Specified [PDD-NOS]). SD: standard deviation,
N: sample size. Group comparison on those variables using t-tests, when applicable.

1All ASD participants (N 5 8) who did not have an ADOS and/or an
ADI-R were diagnosed using the DISCO.
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parents of participating children. All children participants
also gave their oral assent.

Visual Stimuli

Pictures from eight face identities (4F, 4M) were selected
from the MacBrain Face Stimulus set (ID 9, 7, 5, 2, 34, 20,
23, 33) [Tottenham et al., 2009]. For each identity, four pic-
tures were selected expressing the fearful, angry, happy,
and neutral state. Each emotional face was morphed from
neutral to its full emotional expression using the Morph
Age software (Creaceed). In addition to the full expression
(Fearful100, Happy100, and Angry100), a snapshot was
taken in the morphing sequence when the emotion was
expressed at 40% of its intensity (Fearful40, Happy40,
Angry40). This resulted in 56 different stimuli (seven pic-
tures per each of the eight identities).

Experimental Design

The experiment consisted of two runs. In each of those runs,
there were 16 blocks (2 Fearful40, 2 Fearful100, 2 Angry40, 2
Angry100, 2 Happy40, 2 Happy100, 2 Neutral) that were pre-
sented in pseudo-random order. The blocks consisted of eight
pictures from different identities that were overlaid by a red
fixation cross and presented for 300 ms. The face stimuli were
followed by a 1,200 ms fixation screen that consisted of a red
fixation cross only, displayed at the center of the monitor. In
half of the blocks, the red fixation cross turned blue in one trial.
In between blocks, the fixation screen was presented for 3,000
ms. To monitor participants’ attention, we asked them to press
a button when the blue cross appeared.

Data Acquisition

fMRI data were collected with a 12-channel radio fre-
quency coil in a Siemens 3T scanner (Siemens Tim Trio,
Erlangen, Germany) at the Centre d’Imagerie BioM�edicale
in Lausanne. The first scanning sequence consisted of Sie-
mens’s autoalign scout for the head allowing an automatic
positioning and alignment of slices. Anatomical images
were acquired using a multi-echo magnetization prepared
rapid gradient echo sequence: 176 slices; 256 3 256 matrix;
echo time (TE): TE1: 1.64 ms, TE2: 3.5 ms, TE3: 5.36 ms, TE4:
7.22 ms; repetition time (TR): 2530 ms; flip angle 78. The
functional data were obtained using an echo planar imaging
sequence (47 AC-PC slices, 3 mm thick, 3.12 mm by 3.12 mm
in plane resolution, 64 3 64 matrix; field of view: 216; TE: 30
ms; TR: 3000 ms; flip angle 908) lasting 8 min and 54 s.

Data Analysis

Whole brain (WB) analysis

fMRI data processing, and preprocessing was carried out
using FEAT Version 6.0, part of FSL (FMRIB’s Software

Library, www.fmrib.ox.ac.ul/fsl). Non-brain tissues were
removed from high-resolution anatomical images using
Christian Gaser’s VBM8 toolbox for SPM8 fed into feat.
Data were motion-corrected using MCFLIRT and motion
parameters were added as confound variables to the model.
In addition, residual outlier time-points were identified
using FSL’s motion outlier detection program and inte-
grated as additional confound variables in the first-level
general linear model analysis. Preprocessing further
included spatial smoothing using a Gaussian kernel of
8 mm, grand-mean intensity normalization and high pass
temporal filtering with sigma 5 50.0 s.

The two runs (treated as fixed effect) from each participant
were combined. Subject-level statistical analysis was carried
out for the following contrasts (Angry40 vs. Neutral,
Angry100 vs. Neutral, Fearful40 vs. Neutral, Fearful100 vs.
Neutral, Happy40 vs. Neutral, Happy100 vs. Neutral,
Angry100 vs. Angry40, Fearful100 vs. Fearful40, Happy100
vs. Happy40) using FILM with local autocorrelation correc-
tion. Registration to high-resolution structural images was
carried out using FLIRT. Registration to Montreal Neurologi-
cal Institute (MNI) standard space was then further refined
using FNIRT (FMRIB’s nonlinear registration tool) nonlinear
registration.

We used age as a covariate given the wide age range of
participants and the known effect of development on emotion
processing. Group-level analyses were performed using
FLAME 1&2 (general linear mixed model analysis) with auto-
matic outlier detection. In modeling subject variability, this
kind of analysis allows inference about the population from
which the subjects are drawn. Z-statistic images were thresh-
olded using clusters determined by Z> 2.3 and a (corrected)
cluster significance threshold of P 5 0.05 (two-tails). Cluster-
corrected images were displayed on a standard brain (fsaver-
age for the surface and MNI template for the volume).

ROI analyses

The ROIs were chosen based on prior knowledge of the
regions involved in emotion perception: the amygdala, the
vmPFC, the ACC, the right STS/TPJ, and the FFA. All the afore-
mentioned structures except the FFA were defined anatomi-
cally using the Harvard-Oxford probabilistic atlases of FSL. The
FFA mask was determined functionally from a previous study,
looking at the difference between brain activation for faces and
objects [Hadjikhani et al., 2004], because it is defined as the
region of maximum sensitivity to faces [Kanwisher et al., 1997].
For each subject, the mean percentage blood-oxygen-level
dependent signal change was extracted for the five structures
and the six contrasts of interest, using the Featquery tool in FSL.

RESULTS

Behavioral Results

During the scanning session, both the ASD and the
CON groups detected the change of color in the fixation
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cross with a high rate (mean 5 99.07%, SD 5 3.37% in ASD
and mean 5 98.21%, SD 5 4.48% in CON), and there was
no group difference for the detection rates of the cross
(t(46) 5 0.76, P 5 0.45), even after age was controlled for
(F 5 0.84, P 5 0.44).

Neuroimaging Results

WB analyses

We computed WB activity for the following contrasts:
Fearful40 vs. Neutral, Fearful100 vs. Neutral, Angry40 vs.
Neutral, Angry100 vs, Neutral, Happy40 vs. Neutral,
Happy100 vs. Neutral, Fearful100 vs. Fearful 40, Angry 100
vs. Angry 40, and Happy100 vs. Happy 40. Within-group
activations and between-group differences in activity were
assessed using independent t-tests available in FSL.

Within group

The contrasts Happy40 vs. Neutral, Happy100 vs.
Neutral, and Happy100 vs. Happy40 yielded activation in
CON participants only. The contrast Fearful100 vs. Fearful40
yielded activation in the ASD participants only. The con-
trasts Angry40 vs. Neutral, Angry100 vs. Neutral, Fearful40
vs. Neutral, Fearful100 vs. Neutral, Angry100 vs. Angry40
however yielded activations in both groups of participants
(see Supporting Information Materials).

Between-group

Participants with ASD showed more activation overall than
CON participants for the contrast Fearful40 vs. Neutral (Table
II and Fig. 1) and Angry100 vs. Angry40 (see Supporting Infor-
mation Material). In addition, CON participants showed more
activation than ASD participants for the contrast Happy100 vs.
Neutral (Table III and Fig. 2), Fearful100 vs. Fearful40,
Happy100 vs. Happy40 (see Supporting Information
Materials). There was no group difference at the WB level for
the other contrasts.

ROI results

We computed activity for the following ROIs, all part of
the social brain network: the amygdala, the vmPFC, the
ACC, the right STS/TPJ, and the FFA. Two types of statisti-
cal analyses were conducted with those ROIs. For both, age
was used as a covariate. First, for each of the ROIs, a two
(groups: ASD, CON) by three (emotions: fearful, angry,
happy) by two (intensities: high, low) repeated measure
analysis of covariance (ANCOVA) was performed.
The Greenhouse-Geisser correction was used when the
assumption of sphericity was violated. The alpha level for
significance was set to 0.05. When the ANCOVA yielded sig-
nificant interactions, simple effects were investigated with
post-hoc tests and the Bonferroni correction for multiple
comparisons was applied. We also tested the hypothesis of

an abnormal coupling between the amygdala and the
vmPFC in ASD. For that, we used partial correlations (con-
trolling for the effect of age) to investigate, for each contrast
and each group, whether (1) activation in the amygdala and
in the vmPFC were correlated and (2) anxiety (as measured
by the State-Trait Anxiety Inventory: STAI-T) [Spielberger
et al., 1983] and activation in the amygdala were correlated.

ANCOVA

In the amygdala, there was a main effect of intensity
(F(1,45) 5 6.87, MSE 5 32946.53, P 5 0.01, gp

2 5 0.13; high-
> low). No other effects were significant. In the vmPFC, the
effects of emotion and intensity were not significant and did
not interact with group. However, the emotion*intensi-
ty*group interaction was significant (F(2,90) 5 4.18,
MSE 5 36999.36, P 5 0.02, gp

2 5 0.09). This was characterized
by an intensity*group interaction for angry and happy faces
(F(1,45) 5 5.31, MSE 5 36905.04, P 5 0.03, gp

2 5 0.11 and
F(1,45) 5 4.36, MSE 5 36012.56, P 5 0.04, gp

2 5 0.09) but not
for fearful faces (F 5 0.13, P 5 0.72). For angry faces the inten-
sity effect (high >low) was significant in ASD participants
(Pbonf 5 0.03) but not in controls (Pbonf 5 0.26). For happy
faces, the intensity effect (high> low) was marginally signifi-
cant in CON participants (Pbonf 5 0.09) but nonsignificant in
ASD participants (Pbonf 5 0.26). No further effects were signif-
icant. In the FFA, there was a significant effect of intensity
(F(1,45) 5 9.51, MSE 5 111069.00, P< 0.01, gp

2 5 0.17; high-
> low), and significant intensity*emotion interaction
(F(2,90) 5 4.82, MSE 5 50451.06, P< 0.01, gp

2 5 0.11) such that
the intensity effect was significant for angry but not happy
and fearful faces (F 5 22.21, P< 0.01; F 5 2.54, P 5 0.12; and
F 5 0.01, P 5 0.91, respectively). No other effects were signifi-
cant, notably there was no group effect. No effects were sig-
nificant in the ACC and the right STS/TPJ.

Correlations2

For fear, the vmPFC/amygdala correlation was signifi-
cant in CON participants at low and high intensity
(rp 5 0.51, P 5 0.02; rp 5 0.75, P< 0.01), but not in ASD par-
ticipants. For anger, there was a significant vmPFC/amyg-
dala correlation at low and high intensity in ASD
participants (rp 5 0.67, P< 0.01; rp 5 0.65, P< 0.01), but
only a weak correlation at low intensity in CON partici-
pants (rp 5 0.43, P 5 0.06). Finally, for happiness, the
vmPFC/amygdala correlation was significant at high
intensity (rp 5 0.46, P 5 0.02) for ASD participants but was
non-significant for CON participants (Fig. 3). No partial
correlation between anxiety and amygdala activation
reached significance.

2The correlation results are presented without correction for multiple
comparison. When the Bonferroni correction is applied, only the
functional correlation between activity in the amygdala and the
vmPFC for anger at high and low intensity in ASD participants
remain significant.
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DISCUSSION

In this study, we demonstrate that (1) ASD participants
are hypersensitive to low intensity fearful expressions; (2)
the greater intensity of emotional expression is reflected

by greater neural activation, although this pattern varies
as a function of emotion and group; (3) while there is a
vmPFC/amygdala correlation for fearful faces in controls,
such a functional correlation is absent in ASD participants;

TABLE II. ASD > CON for fearful 40 versus neutral

Structure Side Cluster size Z x y z

1,910
Middle Frontal Gyrus R 4.26 36 16 50
Precentral Gyrus R 3.69 34 214 40
Angular Gyrus R 3.19 44 246 20
Postcentral Gyrus R 3.12 22 218 54

1,500
Caudate L 3.58 220 18 8
Middle Frontal Gyrus L 3.55 226 32 28
Frontal Pole L 3.34 222 38 30
Paracingulate Gyrus L 2.98 212 30 34

1,340
Precentral Gyrus L 3.5 24 230 60
Postcentral Gyrus L 3.45 214 236 60
Cingulate Gyrus R 2.71 6 230 38

L 3.09 214 226 36
Pallidum L 2.66 220 210 6
Putamen L 2.63 224 210 12

1,168
Paracingulate Gyrus R 3.55 8 40 32

L 3.36 0 40 24
Cingulate Gyrus R 3.4 10 30 24

L 2.96 24 38 20
Frontal Pole R 3.12 16 40 44
Caudate R 3.1 10 10 18

415
Middle Temporal Gyrus R 3.98 68 212 210
STG R 3.74 66 28 26

390
Brainstem 3.4 0 222 240

320
Postcentral Gyrus L 3.25 260 28 34
Precentral Gyrus L 3.14 252 28 48

295
Parahippocampal Gyrus R 3.72 24 28 230
Temporal Fusiform Cortex R 3.01 36 212 238

138
Planum Temporale L 3.35 240 234 6

112
Parahippocampal Gyrus L 2.97 222 24 232
Hippocampus L 2.94 224 210 222
Amygdala L 2.86 220 210 216

109
Thalamus R 3.61 4 210 2

L 2.88 28 28 2
107

Precuneous Cortex L 3.31 214 268 36
101

Temporal Fusiform Cortex R 2.99 32 228 226
Parahippocampal Gyrus R 2.79 30 226 218

Brain regions more activated in participants with autism spectrum disorder than in controls (ASD>CON) for fearful faces at low intensity
vs. neutral faces (P< 0.05).
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and (4) ASD participants do not differ from controls in the
FFA activation when constrained to look in the eye region.

The deficits in social skills of people with ASD have been
linked to their impairment in reading others’ emotions
[Harms et al., 2010] and to their abnormal social brain net-
work activation in response to facial emotion [Ashwin et al.,
2007; Critchley et al., 2000b; Dalton et al., 2005; Dapretto
et al., 2006; Kim et al., 2015; Monk et al., 2010; Pelphrey et al.,
2002]. Many past studies have found that those with ASD
hypoactivated critical regions of the social brain such as the
amygdala and the FFA when watching emotional faces
[Ashwin et al., 2007; Critchley et al., 2000a; Dapretto et al.,
2006; Kim et al., 2015; Pelphrey et al., 2002]. However, these
studies did not monitor participants’ gaze. One study in
which gaze was monitored during the presentation of face
stimuli found that the extent to which ASD participants acti-
vate their social brain in response to observing emotional
faces correlated to the amount of time they spent looking at
the eyes [Dalton et al., 2005]. In addition, we have recently
reported that constraining individuals with ASD to look in
the eyes, compared with free-viewing of dynamic emotional
face stimuli, increases activation for all the emotions studied
(neutral, happy, angry, and fear) in the subcortical face-
processing system, including the amygdala [Hadjikhani
et al., 2017a]. Since the eyes are highly important for decod-
ing emotions [Smith and Schyns, 2009], the difficulties of
people with ASD in accurately reading facial expressions
could result from their lack of attention to the eyes. These
results also raise the possibility that the social brain hypoac-
tivity found in some studies of people with ASD may reflect
their lack of attention to the eyes of the face stimuli.

In this study, we used emotional face stimuli with a fixa-
tion cross between the eyes that served as a gaze constrain
for participants, and investigated whether people with ASD
differed from controls in their social brain activation, when

fixation was maintained to the eyes. Using such methodo-
logical control, we found that, although ASD participants
have decreased social brain activations for high intensity
happy faces relative to controls, they have increased social
brain activations for low intensity fearful faces compared
with controls. These results have important methodological
implications: in fMRI experiments, stimuli are shown
assuming that all participants will process them similarly.
For ASD individuals, evidence has shown that when exam-
ining face perception, it is important to control what part of
the stimulus participants are attending to [Dalton et al.,
2005; Hadjikhani et al., 2004], and our findings suggest that
some form of control needs to be applied to gain valid
results when examining emotion perception.

The notion that people with ASD are oversensitive to fear-
ful faces when cued to the eye region is consistent with sev-
eral theoretical accounts. This is in agreement with the eye
avoidance hypothesis of Tanaka and Sung [2016], according
to which people with ASD actively avoid the eye region of
faces to cope with the overwhelming physiological response
that looking at this region provokes in them [e.g., Kylliainen
and Hietanen, 2006] (for a study showing increased skin
conductance for direct gaze in ASD vs. CON participants).
According to Tanaka and Sung [2016], eye contact is uncom-
fortable for people with ASD regardless of whether the face
is neutral or emotional. However, when faces display a fear-
ful expression, eyes could even be more arousing than when
faces are neutral or expressing another emotion, as they sig-
nal the presence of an environmental threat, although our
group recently reported the presence of an eye-contact effect
for all emotions in ASD [Hadjikhani et al., 2017a]. Further
supporting this hypothesis, it was shown that, contrary to
controls, ASD participants reflexively shift their attention
away from the eye region when perceiving emotional faces
[Kliemann et al., 2012]. Gernsbacher and Frymiare [2005]

Figure 1.

Map of activation showing the brain areas that are more activated for ASD than CON participants,

for the low intensity fearful condition. The rightmost image is a transverse view of the brain showing

increased activation in the amygdala for ASD vs. CON participants, in this condition. Data are

shown for P< 0.05 (unclustered). [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE III. CON > ASD for happy 100 versus neutral

Structure Side Cluster size Z x y z

3,540
Frontal orbital cortex L 4.39 234 24 224
Inferior frontal gyrus L 4.38 252 10 6
Middle frontal gyrus L 4.32 248 36 20
Frontal pole L 4.26 248 52 26
Precentral gyrus L 4.12 252 10 30
Insular cortex L 3.96 236 4 214
Amygdala L 3.45 230 0 212
Pallidum L 3.28 222 0 24
Temporal pole L 3.09 246 12 210
Frontal operculum cortex L 2.68 236 16 8

2071
Occipital pole R 3.87 24 294 20
Lingual gyrus R 3.76 28 260 26
Occipital fusiform gyrus R 3.46 22 274 24
Intracalcarine cortex R 3.35 20 272 6
Temporal occipital fusiform cortex R 3.31 30 254 216
Lateral occipital cortex R 3.12 42 264 0
Middle temporal gyrus R 3.08 46 260 2

1674
Parahippocampal gyrus R 3.99 16 230 218

L 2.64 216 230 216
Brainstem 3.92 0 222 220
Hippocampus R 3.08 18 232 26

L 3.34 218 234 22
Putamen R 3.33 16 12 212
Amygdala R 3.28 30 24 216
Frontal orbital cortex R 3.28 18 10 224
Pallidum R 3.26 26 216 24
Lingual gyrus R 3.09 12 246 210
Thalamus R 3.07 20 232 22

1,149
Inferior temporal gyrus L 3.69 250 252 28
Lateral occipital cortex L 3.67 240 268 26
Occipital fusiform gyrus L 3.66 226 282 26
Middle temporal gyrus L 3.45 250 256 10
Angular gyrus L 3.28 254 256 18
Temporal occipital fusiform cortex L 2.84 232 254 28

590
Central opercular cortex R 3.7 48 8 4
Precentral gyrus R 3.66 40 4 24
Insular cortex R 3.46 44 28 6
Frontal operculum cortex R 3.34 48 12 2
Inferior frontal gyrus R 2.6 58 12 8

382
Inferior frontal gyrus R 3.47 56 18 22
Precentral gyrus R 3.43 42 24 44

355
Lateral occipital cortex R 3.41 44 290 4

244
Occipital pole L 3.16 222 298 14

183
Precentral gyrus R 3.86 12 228 78
Postcentral gyrus L 3.24 20 232 78

179
Precuneous cortex L 3.61 22 258 8
Lingual gyrus L 3.04 26 262 6

156
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reported that people with ASD find it painful to make eye-
contact. Although a coping strategy, this eye region avoid-
ance might have a profound effect on the ability of people
with ASD to decode others’ emotion, since emotion are often
signaled through subtle changes in the eye region [Adolphs
et al., 1994, 2005]. According to Smith [2009], autistic behav-
ior may be an adaptive response to an over-arousal created
by the perception of other’s threatening emotions, together
with a lack of cognitive empathy/theory of mind. We
believe that not only cognitive empathy, but also emotion
regulatory processes are crucial to be able to cope with
others’ emotions, and not feel personal distress when
confronted with negative emotions in social situations
[Hadjikhani et al., 2014]. It has repeatedly been shown that
people with ASD have less efficient emotion regulatory
behaviors [Mazefsky et al., 2013; Samson et al., 2015] and
our present data are in line with these previous findings.

To cope with a strong emotional reaction (indexed by
increased activity in the social brain region), one can either
look away, or try to down-regulate feelings, using reappraisal
or suppression. If these strategies do not work, an emotional
“meltdown,” so often observed in ASD, can happen. Interest-
ingly, in this study we found that, in CON participants, there
was a strong vmPFC/amygdala correlation in response to
fearful faces, which could be interpreted as an attempt to reg-
ulate emotional reactivity to threat. However, such a correla-
tion was absent in ASD. For anger, the vmPFC/amygdala
correlation was strong at both intensities in ASD participants,
but was only trending at low intensity in CON participants.
These results are tentatively suggestive of more efficient
capacities for ASD participants to downregulate their percep-
tion of anger (a social threat), but not their perception of fear,
which may just be too much, even at low intensities. This
oversensitivity could also be clinically linked to the tendency

in ASD to look bewildered by fearful expressions that other
people would not even notice. There was also an interesting
vmPFC/amygdala correlation for happy faces in ASD but not
CON participants. An increased regulation of emotional
reactivity to happy faces in people ASD could explain their
hypoactivation to high intensity happy faces.

We speculate that our results could reflect an imbalance
between excitatory and inhibitory (E/I) influences in the
socio-affective processing system in ASD, mirroring E/I
imbalance for lower level stimulus processing [Freyberg
et al., 2015; Robertson et al., 2013, 2016; Rosenberg et al.,
2015]. In a brain with an overactive subcortical system [Hadji-
khani et al., 2017a; Z€urcher et al., 2013b], and hypersensitive
to emotions, a way to decrease emotional reactivity would be
to use the frontal parts of the brain to inhibit the emotional
response, or to disengage from the face, as previously hypoth-
esized in ASD [Tanaka and Sung, 2016]. Our results have
important implications for understanding the socio-affective
abnormalities in ASD. They bring into question the concept
that people with ASD are indifferent towards others, and are,
as Kanner described them “self-absorbed, emotionally cold,
distanced, and retracted” [Kanner and Eisenberg, 1957]. Quite
the contrary, our results indicate that people with ASD may
have an oversensitive emotional processing system, at least
for the perception of feelings of pain [Hadjikhani et al., 2014]
or distress/fear (present data), as well as for positive emo-
tions [Hadjikhani et al., 2017a]. In real-life settings, this over-
sensitivity, coupled with less well-developed emotional
regulation, might be expressed as an avoidant behavior and
misinterpreted as socio-affective indifference.

However, it is noteworthy that the oversensitivity of
people with ASD to low intensity fearful faces could also
simply be due to an increased sensitivity to the eye widen-
ing of the fearful expression. This alternative interpretation

TABLE III. (continued).

Structure Side Cluster size Z x y z

Temporal pole R 3.33 54 20 224
STG R 3.25 64 2 212

149
Lateral occipital cortex L 3.36 224 276 46

137
Postcentral gyrus L 3.52 220 230 66
Precentral gyrus L 2.96 218 224 74

136
Lingual gyrus L 3.24 220 258 22

107
Juxtapositional lobule cortex L 2.9 26 0 54
Paracingulate gyrus R 2.85 8 14 50
Superior frontal gyrus R 2.81 8 12 54

104
Superior frontal gyrus L 3.55 24 18 62

100
Inferior frontal gyrus R 3.29 44 32 2

Brain regions more activated in participants with ASD than in controls (CON>ASD) for happy faces at high intensity vs. neutral faces
(P< 0.05).
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would be consistent with our finding of hyposensitivity to
happy faces, given that happy eyes are smaller than fear-
ful and angry eyes [Bayless et al., 2011]. In a previous
study, control participants showed more amygdala activity
for masked fearful eyes than for masked happy eyes
[Whalen et al., 2004]. Although this remains to be investi-
gated, the modulation of the amygdala activity with the
widening of the eyes could be more important in ASD
than in CON participants, leading to the observed effects.
In addition, fearful and angry eyes are often confused in
people with ASD [Wallace et al., 2008]. If people with
ASD did confuse angry and fearful faces in this experi-
ment where they had to remain fixated on the eye region,
this may explain their increased regulatory response for
angry faces relative to controls. However, this hypothesis
is put into question by our recent finding of an abnormally
high subcortical activation in participants with ASD fixat-
ing the eye region of dynamic emotional face stimuli
regardless of the expression (happy, angry, fearful) shown
on the face [Hadjikhani et al., 2017a]. To clarify this issue,
future studies should continue to investigate the way in
which the heightened neural response to emotional faces
in ASD is modulated by the expression of the face.

There was no group difference in FFA activation in this
study. These findings are in contrast with the results of
many previous studies [Critchley et al., 2000b; Pelphrey
et al., 2002; Pierce et al., 2001; Pinkham et al., 2008; Schultz
et al., 2000], but these studies did not monitor the partici-
pants’ gaze behavior, and FFA activation has been shown
to be correlated to the time spent fixating the eyes [Dalton
et al., 2005]. A recent study showed that participants with
ASD hypoactivate the FFA relative to controls in the

free-viewing condition, but that it normalizes when they
look at the eyes [Perlman et al., 2011]. This is in line with
our finding that the FFA is activated just as much in peo-
ple with and without ASD when fixation is constrained in
the eye region of emotional faces and with the growing
body of studies reporting normal FFA activation in ASD
[Bird et al., 2006; Bookheimer et al., 2008; Dapretto et al.,
2006; Hadjikhani et al., 2004, 2007; Kleinhans et al., 2008,
2009; Pierce et al., 2004; Piggot et al., 2004; Pinkham
et al., 2008; Sato et al., 2012; Wang et al., 2004; Wicker
et al., 2008; Z€urcher et al., 2013a; Z€urcher et al., 2013b].

Similarly, in this study, no group differences in STS/TPJ
activation were observed. In contrast to our results, most
previous studies that did not constrain fixation on the eye
region [Ashwin et al., 2006; Baron-Cohen et al., 1999; Critch-
ley et al., 2000b; Pelphrey et al., 2002] but see [Kim et al.,
2015] found an over-activation of the STS/TPJ in people
with ASD. The STS/TPJ is involved in perspective taking
[Ruby and Decety, 2003], empathy [Jackson et al., 2006;
Lamm et al., 2007], and theory of mind [Lawrence et al.,
2006; Saxe and Wexler, 2005], and the abnormal activation of
this region in people with ASD when eyes are not fixated
may be linked to their deficits in those domains. Our results
suggest that fixation on the eye region normalizes STS/TPJ
activation in people with ASD, and we speculate that this
normalization could have a positive impact on the functions
carried out by this structure. Although previous studies
have considered the “typical” scanpath of faces to involve
frequent fixation to the eyes [Morris et al., 2007; Perlman
et al., 2011], constraining participants’ fixation to the eye
region may result in a scanpath that is not entirely natural.
However, this method has been previously successfully

Figure 2.

Map of activation showing the brain areas that are more activated for CON than ASD participants,

for the high intensity happy condition. Data are shown for P< 0.05 (unclustered). [Color figure can

be viewed at wileyonlinelibrary.com]
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used to demonstrate that people with and without ASD acti-
vated their FFA to the same extent when perceiving neutral
faces [Hadjikhani et al., 2004], and we recently reported that
comparing constrained scanpath with free viewing was
resulting in increased activation on the subcortical system in
ASD compared with controls [Hadjikhani et al., 2017a], and
that it also resulted to increased activation in the social brain
in typical controls [Hadjikhani et al., 2017b].

Given the high comorbidity between anxiety and ASD
[van Steensel et al., 2011], it is unsurprising that our ASD
participants exhibited more trait anxiety than controls. It is
not excluded that anxiety played a role in our finding that
ASD participants are oversensitive to low intensity fear.
Indeed, amygdala activation in response to fearful emo-
tions was previously shown to be increased in participants
with clinical anxiety [Phan et al., 2006; Shin and Liberzon,
2010]. In contrast, here, amygdala activity and anxiety did
not correlate in either group. However, only a small subset
of our participants were assessed for anxiety in this study.
Future studies should investigate the possibility of a link
between social brain abnormality and anxiety in ASD
using neuroimaging methods in a larger sample.

One of the limitations of our study is our use of static emo-
tional face stimuli. Although those have been used exten-
sively to study emotion processing in people with and
without ASD, facial expressions are inherently dynamic in
natural settings. In addition, dynamic emotional face stimuli
are better recognized and activate the social brain more than
static emotions [Kamachi et al., 2013; Kilts et al., 2003; Sato
et al., 2004; Trautmann et al., 2009]. Of particular interest

here is the study by Pelphrey et al. [2002] that found differ-
ential social brain activation in ASD participants depending
on whether static or dynamic emotional face stimuli were
used. For instance, although ASD participants had an
increased STS/TPJ activation in response to static emotional
faces, they showed a normalization of their STS/TPJ activa-
tion, when the facial emotions were presented dynamically.
Similarly, FFA and amygdala were found to be hypoacti-
vated in ASD participants when the faces expressed
emotions dynamically but not when emotions were static.
Although the present study is a first step toward determin-
ing the way in which social brain activations are affected by
eye fixation in ASD, those previous results [Pelphrey et al.,
2002] highlight the importance of replicating our findings
using dynamic emotional stimuli.

Another limitation is that we did not compare constrained
versus unconstrained gaze during emotion perception, nor
did we use an eye-tracking to monitor whether participants
were indeed looking in between the eyes of the emotional
face stimuli. Those controls should be included in future
studies attempting to replicate our findings. However, given
that the decrease in emotion-elicited social brain activation
that was previously reported in people with ASD was corre-
lated to their lack of eye fixation [Dalton et al., 2005], it is rea-
sonable to hypothesize that the normalization of their social
brain activation may be due to them fixating the eye region
in this experiment, using the fixation cross as a placeholder.
We attempted to place the fixation cross in the area of the
face typically looked-at in free-viewing [Bindemann et al.,
2009], so as to ensure a natural scanpath for participants.

Figure 3.

Partial correlations (with age being controlled for) between the

amygdala activity (displayed on the x-axis) and the vmPFC activ-

ity (displayed on the y-axis) for angry (leftmost panel), happy

(central panel), and fearful faces (rightmost panel). Low intensity

emotions are featured in the upper part of the figure while high

intensity emotions are featured in the lower part of the picture.

ASD data is represented in blue and CON data is represented

in orange. Significant correlation P< 0.05 are indicated with an

asterisk (*), P< 0.01 with two asterisks (**), and trending corre-

lations P< 0.07 with a tilde (�). [Color figure can be viewed at

wileyonlinelibrary.com]
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A third limitation is its inclusion of participants with a
wide age range. Although we have attempted to address
this limitation by controlling for age in all analyses, it is
possible that the developmental trajectory of facial emotion
processing differs between people with and without ASD.
However, although the processing of facial expression still
matures between early adolescence and adulthood [Somer-
ville et al., 2011] in typically developing participants, no
study to date has investigated whether the maturing of
emotion processing during this time window is affected
by ASD. Future studies should consider investigating this
critical research question.

Finally, we have contrasted emotional faces with neutral
faces. This has been common practice in previous studies
investigating emotion processing in the general population
[see Fusar-Poli et al., 2009 for a review] and in ASD [e.g.,
Critchley et al., 2000b]. This allows investigating brain acti-
vations specific to emotion processing without including
activations associated with face processing, contrary to
studies contrasting emotional faces with scrambled display
[e.g., Ashwin et al., 2007]. Future studies investigating
emotion processing in ASD should consider how a neutral
baseline might affect their results.

To conclude, our results show that, when constrained to
look at the eyes, ASD participants have increased social
brain activations to low intensity fearful faces relative to
controls. This hypersensitivity could reflect over-arousal to
distressing emotions and explain why people with ASD
tend to avoid looing in the eyes. This over-arousal could
be due to hyperexcitable amygdala and to a faulty regula-
tory system in ASD, since we found that the vmPFC/
amygdala coupling was absent in ASD participants view-
ing fearful faces. Overall, our results support the presence
of an E/I imbalance in the socio-affective processing sys-
tem in ASD, where social deficits can be explained by an
oversensitivity to distressing emotions, and a concomitant
lack of emotional regulation. Social disengagement and
avoidance of eye-contact may be potential mechanisms to
cope with this in daily life.
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