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Difficulty interpreting facial expressions has been reported in autism spectrum disorders (ASD) and is
thought to be associated with amygdala abnormalities. To further explore the neural basis of abnormal
emotional face processing in ASD, we conducted an fMRI study of emotional face matching in high-
functioning adults with ASD and age, 1Q, and gender matched controls. In addition, we investigated
whether there was a relationship between self-reported social anxiety and fMRI activation. During fMRI
scanning, study participants were instructed to match facial expressions depicting fear or anger. The

ii{r:;rds; control condition was a comparable shape-matching task. The control group evidenced significantly
Asperger’s disorder increased left prefrontal activation and decreased activation in the occipital lobes compared to the ASD
Amygdala group during emotional face matching. Further, within the ASD group, greater social anxiety was associ-
Anxiety ated with increased activation in right amygdala and left middle temporal gyrus, and decreased activation

Emotional face processing in the fusiform face area. These results indicate that level of social anxiety mediates the neural response

Fusiform face area

to emotional face perception in ASD.

© 2010 Elsevier Ltd. All rights reserved.

The social motivation theory of autism (Dawson, Webb, &
McPartland, 2005) posits that social dysfunction stems from a fail-
ure of individuals with autism to find faces rewarding, resulting
in a lack of experience with faces during critical developmen-
tal periods. The etiological mechanism for this reduced drive to
interact with people or look at faces is poorly understood. How-
ever, several lines of evidence suggest that the amygdala may
be critically involved in the pathophysiology of autism, based
upon observations of the amygdala’s role in social behavior and
structural and functional abnormalities of the amygdala in ASD
(Baron-Cohen et al., 2000). One component of social dysfunc-
tion in ASD is atypical processing of emotions associated with
facial expressions (Ashwin, Baron-Cohen, Wheelwright, O'Riordan,
& Bullmore, 2006). Functional imaging studies have identified
links between these emotional processing deficits in ASD and the
underlying neural defects. For example, abnormal amygdala acti-
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vation has been reported in response to emotional face processing
(Ashwin, Chapman, Colle, & Baron-Cohen, 2006; Critchley et al.,
2000; Monk et al., 2010), emotional discrimination (Dalton et al.,
2005), and emotional attribution (Wang, Dapretto, Hariri, Sigman,
& Bookheimer, 2004). However, both abnormally increased and
decreased amygdala activation has been found.

These opposing imaging findings may indicate that social dys-
function in ASD may be related to different underlying clinical
characteristics. Schultz (2005) and others have proposed that the
degree to which faces are “emotionally salient” may help explain
the social deficits seen in individuals with ASD. In considering
these conflicting findings, it is possible that social dysfunction
may develop through different internal experiences. Specifically,
for some individuals, faces may lack sufficient emotional salience
resulting in apathy towards social interaction, while for others,
faces may be overstimulating, causing overarousal and possibly
an aversive reaction. The former case could potentially be asso-
ciated with amygdala hypoarousal and the latter with amygdala
hyperarousal.

The current study builds upon previous work which found that
amygdala activation was related to amount of time fixating on
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the eyes in ASD (Dalton et al., 2005) and increased amygdala acti-
vation was theoretically linked to heighten emotional arousal in
response to faces. However, the relationship between fMRI amyg-
dala activation and psychological or physiological measures has
not been tested. We focused on anxiety as an index of emotional
arousal because anxiety is common in children with ASD (White,
Oswald, Ollendick, & Scahill, 2009), with social anxiety disorder
present in approximately 29% of ASD patients (Simonoff et al.,
2008). ASD participants with higher levels of social anxiety were
predicted to exhibit higher levels of amygdala activation based
on previous reports increased amygdala activation in individuals
with anxiety disorders (Shin & Liberzon, 2009). Group differences
in emotional face matching were also tested to facilitate compar-
isons to previous studies (Piggot et al., 2004; Wang et al., 2004). We
predicted that the ASD group would exhibit reduced activation in
the prefrontal cortex based on previous reports of structural and
functional abnormalities in the frontal lobes (see e.g., Bookheimer,
Wang, Scott, Sigman, & Dapretto, 2008; Casanova, Buxhoeveden,
Switala, & Roy, 2002; Kleinhans, Schweinsburg, Cohen, Muller, &
Courchesne, 2007; Vargas, Nascimbene, Krishnan, Zimmerman, &
Pardo, 2005; Zilbovicius et al., 1995) and increased activation in
the occipital lobes (Belmonte & Yurgelun-Todd, 2003; Gaffrey et
al., 2007; Hubl et al., 2003; Koshino et al., 2005; Muller, Kleinhans,
Kemmotsu, Pierce, & Courchesne, 2003), but no significant differ-
ence in amygdala activation (see e.g., Kleinhans et al., 2008; Piggot
et al.,, 2004; Wang et al., 2004). Further, we did not predict any sig-
nificant group differences in the fusiform or temporal lobes because
our task ensured that participants were attending to the stimuli
and our previous study of neutral face processing in ASD did not
find any differences in these brain regions (Kleinhans et al., 2008).
Although reduced fusiform face area (FFA) activation has been
attributed to reduced sensitivity and/or reduced experience with
faces in ASD, it is important to note that atypical eye-gaze patterns
result in reduced fusiform activation in non-affected individuals as
well (Morris, Pelphrey, & McCarthy, 2007). Thus, our hypothesis is
consistent with work by Hadjikhani et al. (2004) and Hadjikhani,
Joseph, Snyder, and Tager-Flusberg (2006) and others who empha-
size that reduced fusiform activation in ASD may be secondary to
differences in visual attention to face stimuli, and that it appears
possible to elicit normal levels of fusiform activation in individuals
with ASD through experimental manipulations (Hadjikhani et al.,
2004, 2006; Pierce, Haist, Sedaghat, & Courchesne, 2004; Pierce &
Redcay, 2008).

1. Methods
1.1. Participants

Thirty-one adults with ASD (2 women, 29 men) and 25 (2 women, 23 men) con-
trols participated. Two individuals with ASD were excluded for excessive motion.
All had FSIQ and VIQ > 80. Diagnoses were confirmed with the Autism Diagnostic
Interview-Revised (ADI-R, Lord, Rutter, & Le Couteur, 1994), the Autism Diagnostic
Observation Schedule (ADOS, Lord et al., 2000), and DSM-1V criteria. The ASD and
control groups did not significantly differ on age or IQ. One ASD participant and
4 control participants were left-handed. All other participants were right-handed.
Handedness was determined by self-report. All participants completed the Social
Avoidance and Distress Scale (SADS, Watson & Friend, 1969). Clinical and demo-
graphic information is reported in Table 1. Control participants were excluded for
current and past psychiatric disorders, history of a developmental learning disabil-
ity, and contraindications to MR imaging.

This study was approved by the University of Washington Human Subjects
Institutional Review Board. Informed written consent was obtained from all study
participants.

1.2. fMRI data acquisition

Scanning was performed on a 1.5T Signa MR imaging system (General Electric,
Waukesha). The fMRI echo-planar pulse sequence was (TR/TE 3000/30 ms, 21 slices;
6 mm thick with 1 mm gap, 64 x 64 matrix, 68 volumes total). An MPRAGE scan
was also collected (TR =33 ms, TE=minimum, flip angle =30°, field of view =24 cm,
256 x 256 matrix, scan thickness = 1.5 mm, acquisition plane = coronal plane).

1.3. fMRI task

The participants viewed pictures of emotional faces and geometric shapes in
a block-design format. Face stimuli were 24 men and women depicting anger
or fear (Ekman & Friesen, 1976). Shape stimuli were various round objects. Each
block contained six images presented for 4.5 s with a 500 ms interstimulus interval.
The experiment included emotional face (E) blocks, shape blocks (S), and instruc-
tion blocks (I). The experimental paradigm was: ISIEISIEISIE. The instruction blocks
stated either “match shapes” or “match emotions.” In the emotional face blocks, a
target face (angry or fearful) was presented at the top of the screen and two faces,
one angry and one fearful, were positioned next to each other at the bottom of the
screen. The participants were instructed to press the button that corresponded to
matching face. The instructions were identical for the shape blocks.

1.4. fMRI processing and statistical analysis

Data were analyzed using the FMRIB Software Library version 3.3 (FSL;
http://www.fmrib.ox.ac.uk/fsl/). The following steps were applied: first three vol-
umes were discarded; volumes were registered with MCFLIRT; nonbrain structures
were removed using BET; data were spatially smoothed at FWHM 5 mm and tem-
porally smoothed using a high-pass filter sigma=60s. Time series analyses were
conducted using FMRIB’s Improved Linear Model. FMRI data were registered to
the SPGR then warped to the MNI152 standard image using FMRIB’s Linear Image
Registration Tool.

Group-wise effects were tested using FMRIB’s Local Analysis of Mixed Effects.
Nine a prioriregions of interest (ROI) were tested separately for the contrast emotion
matching > shape matching. The brain regions included R/L amygdala; R/L lateral
fusiform gyrus; R/L inferior frontal gyrus; R/L temporal lobe (superior and middle
gyri) and the occipital lobe. The relationship between emotional face processing
and social anxiety was tested by entering the SADS as a variable. Corrections for
multiple comparisons were conducted using cluster-thresholding based on Markov
Chain Monte Carlo sampling for each ROLI. The occipital cortex, inferior frontal gyrus,
and temporal lobe ROIs were defined by Anatomical Automatic Labeling atlas, anin-
house package made by Neurofunctional Imaging Group (GIN, UMR6095, CYCERON,
Caen, France). The amygdala and fusiform gyrus were hand drawn on the standard
template within our laboratory based on atlas images.

2. Results
2.1. fMRI behavioral performance

Between-group differences on the fMRI behavioral task were
tested using independent samples t-tests. There were no significant
between-group differences in performance (see Table 2).

2.2. fMRI results

2.2.1. Emotional faces >shapes

Both groups showed significant activation in the occipital
lobe, bilateral fusiform gyrus, bilateral amygdala, bilateral inferior
frontal lobe, and right temporal lobe. The ASD group had signifi-
cantly increased activation in the occipital lobe and significantly
reduced left inferior frontal activation compared to controls (See
Table 3 and Fig. 1).

2.2.2. Correlation between social anxiety and emotional face
activation

An inverse correlation was found between the SADS total score
and activation in the right FFA in the ASD group. Note that the clus-
ter location is almost identical to the FFA (46, —42, —22) reported in
a previous study by our group (Kleinhans et al., 2008). In addition,
ASD individuals with higher levels of anxiety showed significantly
increased amygdala and left temporal lobe activation to emotional
faces (see Table 3 and Fig. 2). No significant correlations were found
in the control group.

3. Discussion

We investigated the relationship between social anxiety and
brain activation during emotional face perception in individuals
with ASD using a well validated paradigm of emotion perception
matching developed by Hariri, Bookheimer, and Mazziotta (2000).
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Table 1
Participant characteristics.
ASD (n=29) Control (n=25) p-Value
Mean (SD) Mean (SD)
Age 23.57 (6.60) 23.32 (5.15) .90
Full scale IQ 111.03 (16.05) 112.92 (12.29) .63
Verbal 1Q 110.52 (16.41) 111.64 (11.61) 78
Performance IQ 108.93 (16.48) 111.16 (14.10) .60
SADS 15.83 (7.44) 2.52 (4.17) .00
ADOS subscales
Communication 3.66 (1.29)
Social 8.59 (2.80)
ADI-R subscales
Communication 13.79 (5.11)
Social 17.14 (5.44)
Repetitive behavior 5.62 (2.78)
Note. SADS = Social Avoidance and Distress Scale, ADOS = Autism Diagnostic Observation Schedule.
ADI-R = Autism Diagnostic Interview-Revised.
Table 2
fMRI behavioral performance.
ASD (n=28)? Control (n=25) t value p value
Mean (SD) Mean (SD)
Emotion matching
# of errors 229 1.536 1.88 1.054 1.11 27
Reaction time (ms) 2387 351 2365 561 0.175 .86
Shape matching
# of errors 0.36 0.62 0.20 0.58 0.95 35
Reaction time (ms) 1100 164 1087 227 0.241 .81
2 One participant’s data were lost due to technical difficulties.
Table 3
fMRI activation loci.
p-Value No. of voxels Max z MNI coordinates
X (mm) y (mm) z (mm)
Emotional face matching > shape matching
ASD (N=29)
Occipital (BAs 17, 18, 19) .000 7843 8.03 -28 -92 -6
R fusiform .000 862 6.47 34 -70 -16
L fusiform .000 970 6.67 -36 -62 -18
R amygdala .020 48 34 24 0 -16
L amygdala .011 73 3.82 -20 -6 -16
R inferior frontal (BAs 9, 46) .000 1883 5.62 44 20 22
L inferior frontal (BAs 9, 46) .000 1053 5.25 -38 6 28
R temporal lobe (BAs 19, 22, 37, 39) .001 475 4.07 40 -62 18
Control (N=25)
Occipital (BAs 18, 19) .000 5712 7.76 22 -92 -10
R fusiform .000 1077 6.8 -40 -60 -14
L fusiform .000 953 7 38 -52 -22
R amygdala .020 48 3.42 18 -10 -12
L amygdala .032 30 3.88 -18 -8 -14
R inferior frontal (BAs 9, 46, 47) .000 2229 6.63 52 24 26
L inferior frontal (BAs 9, 46, 47) .000 2152 6.21 —44 20 24
R temporal lobe (BAs 19, 22, 37, 39) .002 369 3.85 52 —44 10
ASD > control
Occipital (BAs 17, 18, 19) .000 805 3.64 -16 —64 12
Control > ASD
L inferior frontal (BA 46) .004 296 3.51 —44 20 20
Correlation between emotional face activation and social anxiety
ASD (N=29)
R fusiform (negative) .049 42 3.07 48 —48 -18
R amygdala (positive) .011 8 2.75 22 -2 -16
L temporal lobe (positive; BAs 20, 21) .011 239 3.35 -58 -32 -2

Note. Data were analyzed using mixed effects and cluster threshold corrected (p <.05, corrected for multiple comparisons).

BA=Brodmann’s area, L=left, R=right, MNI = Montreal Neurological Institute.
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Emotional Face Matching > Shape Matching

p < .05, corrected

Fig. 1. Between-group differences in fMRI activation for the contrast emotional
face matching > shape matching. The control group evidenced significantly greater
activation in the left prefrontal cortex (blue cluster) whereas the ASD group had
significantly greater activation in the occipital lobes (red cluster). All contrasts were
corrected for multiple comparisons using cluster threshold correction. (For inter-
pretation of the references to color in this figure legend, the reader is referred to the
web version of the article.)

The task relies on the ability to match faces according to perceptual
features such as a furrowed brow, without requiring explicit judg-
ment or interpretation of facial expressions. The limited demands
of this task allowed us to investigate the integrity of the neural
circuitry associated with emotional face processing without con-
founding the results with performance differences.

Previous reports of increased amygdala activation in ASD are
suggested to reflect hyperarousal of the brain circuitry involved in
processing social stimuli (Dalton et al., 2005) and reduced habitua-
tion (Kleinhans et al., 2009). Enhanced amygdala activation is also
widely reported in studies of individuals with affective disorders
(see, e.g. Beesdo etal., 2009). Given current research indicating high
prevalence rates of co-morbid affective disorders in ASD (Mazefsky,
Folstein, & Lainhart, 2008), particularly in those individuals with
high levels of cognitive functioning (Sterling, Dawson, Estes, &
Greenson, 2008), we investigated the relationship between amyg-
dala activation and social anxiety as measured by the SADS (Watson
& Friend, 1969). No relationship between social anxiety and brain
activation was found in the comparison group. These null find-
ings may be related to the insensitivity of the SADS to anxiety in
non-clinical populations, resulting in a restricted range of scores
in the control sample. However, as hypothesized, higher levels of
social anxiety were associated with greater amygdala activation in
the ASD group. This suggests that more anxious ASD individuals
have increased sensitivity to emotional faces, which may render
interpreting and responding to emotional information from the
face more challenging, and result in greater levels of avoidance.
Notably, previous studies of social anxiety have observed relation-
ships between fusiform and amygdala activation and anxiety (Pujol
et al., 2009), suggesting that this relationship is not specific to
autism.

Two additional, unexpected relationships between social anx-
iety and brain activation were observed. First, like the amygdala,
left temporal lobe activation was directly correlated to social anxi-
ety. This laterality effect is notable in that neither group exhibited
significant activation in the left temporal lobes; activation at the
group-level was lateralized to the right. The temporal lobes are
involved in eye and gaze processing (Johnson, 2005). Thus, these

results may indicate that individuals with higher levels of anxi-
ety have less lateralized activation in response to viewing facial
expressions, which may be an effect of heightened arousal.

Second, individuals with ASD and higher levels of anxiety were
found to have lower levels of activation in the FFA. Although we
did not predict this finding, these results are provocative in light
of the debate over whether individuals with ASD have reduced
neural sensitivity to faces or abnormally localized regions of face
sensitivity. Several investigators have hypothesized that the FFA is
underdeveloped in autism because of limited of experience with
faces. Thus, the relationship between high levels of anxiety and
hypoactivation of the fusiform could be seen as consistent with
the theory that higher anxiety is associated with less experience
with faces throughout development, and consequently less robust
fusiform face activation. Alternatively, this finding may indicate
that individuals with higher levels of anxiety exhibit gaze scan pat-
terns consistent with avoidance (Pujol et al., 2009). Because we
did not include eye-tracking in this experiment, that interpreta-
tion cannot be ruled out. FFA activation is sensitive to eye scan
patterns (Morris et al., 2007) such that reduced fixations on the
eyes and mouth result in decreased FFA. Additionally, “normalized”
FFA activation has been found in autism when participants were
explicitly instructed to scan the eyes and mouth (Perlman, Hudac,
Pegors, Minshew, & Pelphrey, 2010). Given the lack of between-
group differences in the FFA in our study, the nature of our task,
which could not be accurately performed without looking at the
eyes and mouth, and evidence FFA activation can be normalized
by experimental manipulations, we think that it is unlikely that
our results are driven by behavioral differences in eye-gaze pat-
terns. However, ongoing studies by our group that are employing
eye-tracking will be able to more thoroughly address this issue in
future studies.

Our secondary aim was to investigate the neural correlates of
emotional face matching in ASD, in order to compare our study
to previous reports in the literature. The ASD group demonstrated
significantly reduced activation in the left inferior frontal lobe and
significantly increased activation in the occipital lobe (cuneus, lin-
gual gyrus). This pattern of activation, indicating a reduction in
the relative engagement of higher order brain regions coupled
with enhanced activation in sensory areas, is consistent with the
theory that behavioral abnormalities in autism may result from
reduced long distance cortical-cortical connections and a failure of
the frontal lobes to effectively integrate information and provide
feedback to primary sensory regions (Courchesne & Pierce, 2005).
Accordingly, we suggest that our results may reflect the utiliza-
tion of a more perceptually based strategy to perform tasks than
is utilized by typically developing individuals, related to frontal
lobe dysfunction. However, it is important to note that few stud-
ies of face processing have reported this effect; therefore further
replication is needed.

As hypothesized, no significant group differences in amygdala
activation were found. The literature on amygdala activation to
faces in ASD is inconsistent, with reports of amygdala hypoacti-
vation, hyperactivation, and no difference from the comparative
sample. Task demands appear to be a factor in determining whether
amygdala hypoactivation is observed. For example, Wang et al.
observed that amygdala activation in the ASD group was not
modulated by whether the participant was performing a percep-
tual matching task or a verbal labeling task (Wang et al., 2004)
whereas in the comparison group, verbal labeling was associated
with increased amygdala activation. Similarly, in Pelphrey, Morris,
McCarthy, and Labar’s study (2007), amygdala activation in the ASD
group was not modulated by viewing dynamic facial expressions
compared to static facial expressions, while dynamic emotions
were associated with relatively increased activation compared to
static faces in the control group. Thus, when task demands were
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Fig. 2. Green clusters signify brain regions showing a significant (p <.05, corrected) correlation between the total score on the Social Anxiety and Distress Scale and activation
during the emotional face matching task for the ASD group. Scatter plots are provided for descriptive purposes. For each subject, a mean z-score was obtained by averaging
the z-score of all voxels for that participant within the mask, which was defined by significant activation on the group map. Row “A” is the right amygdala cluster (r=.364),
row “B” is the right FFA cluster (r=—.450), and row “C” is the left middle temporal gyrus cluster (r=.630). Additional statistical information is provided in Table 3.

low (perception matching, viewing static faces), individuals with
ASD did not show significantly reduced activation in the amygdala
relative to the comparison group. However, given the relation-
ship between amygdala activation and anxiety in ASD found in our
experiment, a lack of group differences may not signify that amyg-
dala function in response to emotional face processing is normal.
To understand amygdala dysfunction in ASD, further study of the
interaction between task demands and the clinical characteristics
of the study participants would be useful.
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