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Emotional visual mismatch negativity: a joint
investigation of social and non-social dimensions
in adults with autism

Klara Kovarski®'~?, Judith Charpentier’, Sylvie Roux', Magali Batty”, Emmanuelle Houy-Durand'® and Marie Gomot'

Abstract

Unusual behaviors and brain activity to socio-emotional stimuli have been reported in Autism Spectrum Disorder
(ASD). Atypical reactivity to change and intolerance of uncertainty are also present, but little is known on their possible
impact on facial expression processing in autism. The visual mismatch negativity (v\MIMN) is an electrophysiological
response automatically elicited by changing events such as deviant emotional faces presented among regular neutral
faces. While vYMMN has been found altered in ASD in response to low-level changes in simple stimuli, no study has
investigated this response to visual social stimuli. Here two deviant expressions were presented, neutral and angry,
embedded in a sequence of repetitive neutral stimuli. YMMN peak analyses were performed for latency and amplitude
in early and late time windows. The ASD group presented smaller amplitude of the late vMMN to both neutral and
emotional deviants compared to the typically developed adults (TD) group, and only the TD group presented a
sustained activity related to emotional change (i.e, angry deviant). Source reconstruction of the VMMNs further
revealed that any change processing elicited a reduced activity in ASD group compared to TD in the saliency network,
while the specific processing emotional change elicited activity in the temporal region and in the insula. This study
confirms atypical change processing in ASD and points to a specific difficulty in the processing of emotional changes,
potentially playing a crucial role in social interaction deficits. Nevertheless, these results require to be further replicated

with a greater sample size and generalized to other emotional expressions.

Introduction

Autism Spectrum Disorder (ASD) is a neurodevelop-
mental disorder characterized by two main categories of
symptoms, the first including disturbances in the socio-
emotional domain and the second including restricted
interests, stereotyped behaviors, and atypical sensory
responsiveness'. Difficulties in social interactions have
been associated with atypical social cognition and emo-
tional processing, while signs observed in the second
clinical dimension have often been related to intolerance
of uncertainty, a dispositional trait implying a reduced
adaptation under unpredictable conditions®. Though the
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combination of both social difficulties and repetitive
behaviors is required for ASD diagnosis, the interplay
between these two clinical dimensions remains barely
studied.

In line with difficulties for ASD in the social domain,
faces represent particularly challenging stimuli to appre-
hend. Faces are socially relevant and convey rapid infor-
mation about others’ intentions. Facial expressions
provide additional important cues triggering emotion-
related attentional mechanisms. Because of its social
value, detecting changes in facial expressions is a funda-
mental requisite to avoid danger and allows adaptation to
others’ reactions. In autism, impaired emotional face
recognition has repeatedly been reported®?, in line with
atypical amplitude and/or latency of event-related
potentials (ERPs) or patterns of brain activity in
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response to both static and dynamic emotional faces™ .

Symmetrically, sensory particularities and intolerance of
uncertainty in ASD might relate to atypical processing of
changes in sensory information®™2. In the visual domain,
automatic change detection responses can be investigated
via oddball paradigms allowing to record the visual mis-
match negativity (vMMN)'>, The vMMN is a negative
component representing the automatic neural mechanism
involved in the processing of unexpected information.
VMMN results from the subtraction of a standard sti-
mulation from a deviant stimulation and it is usually
observed in early latency range peaking around
100-250 ms post stimulus and has been observed in
response to different deviancies such as color, shape, or
motion'*, vVMMN has also been identified in response to
complex stimuli such as facial expressions peaking within
a large time window including one or two deflections
depending on the study (100-500ms, refs. *=2%). In a
previous study on typically developed adults (TD) using a
tightly controlled paradigm, we also showed that deviant
expressions elicited an early and a late vVMMN'®, Inter-
estingly, while both neutral and emotional deviants eli-
cited vVMMN peaks, only the emotional deviancy evoked a
late sustained specific response following the later peak.
Although several studies have investigated vMMN in
response to simple stimuli in individuals with psychiatric
conditions such as schizophrenia (see for a review, ref. 21),
little research has been conducted on autism®**~%°, Using
deviant and novel geometric stimuli during an oddball
sequence, it has been shown that children and adults with
autism displayed earlier and smaller YMMN compared to
controls™*?, suggesting unusual brain reactivity to visual
changes. Few studies have specifically investigated facial
expression VMMN in psychiatric conditions®~*’. One
study on major depression disorder showed that early
VMMN was reduced and that the later activity was absent
in the clinical group®. Similar results were also observed
in schizophrenic patients who presented smaller ampli-
tude to fearful and happy deviant faces®. While no studies
have investigated vMMN to facial expressions in autistic
individuals, one previous work has measured autistic
personality traits assessed via the Autism-Spectrum
Quotient (AQ) in TD adults, revealing a positive corre-
lation between the AQ scores and the emotional vMMN
amplitude. This suggests that vMMN component is sen-
sitive to autistic traits and that greater autistic traits are
associated with smaller sustained vYMMN mean amplitude
(i.e, more positive, ref. *°). Despite growing evidence
showing that deficits are not restricted to the social
domain, few studies have jointly investigated socio-
emotional difficulties with intolerance to change in
ASD, by combining both diagnostic dimensions®'.
Accordingly, emotional vVMMN is a particularly suitable
tool to explore the brain processes at the interplay
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between the two diagnostic criteria in autism. By using a
highly controlled paradigm, the present study aimed at
investigating automatic change detection to emotional
faces in adults with ASD. To this end, both oddball and
equiprobable sequences have been presented to partici-
pants allowing to control for neural habituation and to
low-level features®**?. Both an emotional (i.e., angry face)
and a neutral deviant were presented to investigate the
automatic emotional change response'®. In accordance
with the literature and clinical observations in individuals
with ASD, we expected (i) a disruption of the automatic
change detection and (i) a lack of modulation of the
change detection process according to the emotional
value/nature of the deviant stimulus. Conversely, in the
TD group an emotion-specific response to angry deviants
should be recorded, as previously shown'®.

Material and methods
Participants

Thirty-seven participants completed the electro-
encephalographic (EEG) task. An original sample of
20 adults with ASD completed the task; however, 3 par-
ticipants were excluded from the group analyses because
of poor EEG recording quality (e.g., noisy signal, few
averaged trials). Seventeen adults with ASD (mean age +
standard deviation: 25.7 + 6.4; 3 females) were matched by
chronological age to 17 TD adults (mean age: 26.3 + 6.8;
3 females, age group comparison: £(32) = 0.26, P = 0.80).
ASD participants were evaluated by an experienced clin-
ical team at the Autism Resource Centre of Tours and
were diagnosed according to the Diagnostic and Statistical
Manual of Mental Disorders criteria and by using the
Autism Diagnostic Observation Schedule, Second Edition
and/or the Autism Diagnostic Interview-Revised
scales™*3>, Only one participant was medicated with
neuroleptic treatments, which did not influence group
data. None of the TD participants reported any develop-
mental difficulties in language or sensorimotor acquisi-
tion. For all participants, no disease of the central nervous
system, infectious/metabolic disease, epilepsy, or audi-
tory/visual deficit was reported.

Intellectual Quotients (verbal and performance I1Qs)
were obtained using the Wechsler Intelligence Scale for
Children Fourth Edition®®. An estimation of verbal and
performance IQs was performed in the TD group using
four selected subtests (Vocabulary, Similarities, Block
Design, and Matrix). Two-tailed ¢ tests revealed that
groups differed on both non-verbal (ASD: 97.1 +23; TD:
112.1 + 11.4; £(32) = —2.42, P = 0.02) and verbal IQ (ASD:
101.2+23.6; TD: 1179+ 14; #(32)=—2.51, P=0.04);
however, none of the participants presented a develop-
mental delay (IQ < 70).

Written informed consent for the experiment was col-
lected from all participants. The protocol was approved by
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the local Ethics Committee according to the ethical
principles of the Declaration of Helsinki (Clinical trial:
NCT02160119).

Stimuli and procedures

The procedure and stimuli used in the present study
were the same as previously reported'®. Six photographs
of the same actress (Fig. 1A) were presented in two
sequences: an oddball and an equiprobable sequence
(Fig. 1A). In the latter, stimuli had equal probability of
occurrence. This sequence was presented to control for
neural habituation due to stimulus repetition in oddball
sequences (standard stimulus)*****’, Accordingly, con-
trolled vMMN was performed by subtracting the evoked
response of the deviant stimulus (in the oddball sequence)
from the same stimulus presented in the equiprobable
sequence. This allows reducing low-level feature effects
and revealing genuine automatic change detection
responses>®,

In the oddball sequence, a neutral expression was pre-
sented as the standard stimulus (std; probability of

e A

A. Stimuli

Oddball stimuli

devNeutral/equiNeutral2 equiNeutral3

Equiprobable stimuli

B.

Oddball sequence
150ms 550ms

devAnger

devNeutral

Fig. 1 Stimuli and example of oddbal sequence. A lllustration of
the stimuli used in the oddball sequence (N =3) and in the
equiprobable sequence (N = 6). B Example of the oddball sequence
showing the time course of the task. Stimuli were presented for
150 ms, followed by the central cross presented for 550 ms (SOA =
700 ms). Target consisted of a standard face stimulus with no cross
(participants had to detect the disappearance of the central cross).
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occurrence P =0.80). Photographs of the same actress
expressing anger or with a different neutral expression
were presented as the emotional deviant (devAnger, P =
0.10) and the neutral deviant (devNeutral, P=0.10)
respectively. In the equiprobable sequence, six stimuli
were presented: the three stimuli of the oddball sequence
and three other facial expressions. Altogether the equi-
probable sequence included angry (the same stimulus as
the angry deviant: equiAnger), fearful and happy faces
(equiFear and equiHappy, respectively), and three neutral
faces (equiNeutrall: same as the standard stimulus,
equiNeutral2: same as the neutral deviant, and equiNeu-
tral3) presented pseudo-randomly (P=0.16 each),
avoiding immediate repetition. Responses to the equiFear,
equiHappy, and equiNeutral3 stimuli were not further
analyzed as these stimuli were added to respect the design
of the equiprobable sequence. Stimuli were previously
behaviorally validated for their emotional significance and
arousal on an independent group of participants; for
details, see ref. '®. Deviants and the standard stimuli were
normalized for luminance and contrast.

Participants sat comfortably in an armchair 120 cm from
the screen. By using the Presentation® software, stimuli were
presented in the central visual field (visual angle:
width = 5.7°, height = 8.1°) for 150 ms with a 550- ms inter-
stimulus interval (Fig. 1B). The short presentation of the
stimuli allowed preventing from saccadic movements toward
the eyes or mouth region. The oddball sequence comprised
1575 stimuli and the equiprobable sequence 924 stimuli.
Total recording time lasted 30 min. Subjects were asked to
focus on a concurrent visual task: target stimuli consisted of a
face stimulus in which a black fixation cross on the nose,
otherwise present, disappeared. Participants were instructed
to look at the fixation cross and to press a button as quickly
as possible when the cross disappeared. Targets occurred on
neutral standards in the oddball sequence and on any sti-
mulus in the equiprobable sequence (P = 0.05). All subjects
were monitored with a camera during the recording session
to ensure compliancy to the task.

Behavioral analysis

Accuracy and false alarms (FAs) during the target
detection task were analyzed and the sensitivity index,
d’ =z-score (% correct responses) — z-score (FAs) was
measured to evaluate the degree of attention of the par-
ticipants. A ¢ test was performed to compare groups.

EEG recording

EEG data were recorded using a 64-channel ActiveTwo
system (BioSemi®, The Netherlands). Two electrodes
were applied on the left and right outer canthi of the eyes
and one below the left eye to record the electrooculo-
graphic activity. An additional electrode was placed on the
tip of the nose for offline referencing. During recording,
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impedances were kept <10 kQ. EEG signal was recorded
with a sampling rate of 512 Hz and filtered at 0—-104 Hz.

Pre-processing

A 0.3-Hz digital high-pass filter was applied to the EEG
signal. Ocular artifacts were removed by applying Inde-
pendent Component Analysis (ICA) as implemented in
EEGLab. Blink artifacts were captured into components
that were selectively removed via inverse ICA transfor-
mation. Thirty-two components were examined for arti-
facts and one or two components were removed in each
subject. Muscular and other recording artifacts were dis-
carded manually. EEG data were recorded continuously
and time locked to each trial onset. Trials were extracted
over a 700-ms analysis period, from 100 ms pre-stimulus
to 600 ms post-stimulus. ERPs were baseline corrected
and digitally filtered with a low-pass frequency cut-off of
30 Hz.

The first three trials of a sequence, as well as trials
occurring after deviant or target stimuli were not included
in averaging. Each ERP was computed by averaging all
trials of each stimulus type (see Fig. 2A) from the oddball
sequence (std, devAnger, devNeutral) and from the
equiprobable sequence (equiAnger, equiNeutral2). For
each stimulus of interest, the average of artifact-free trials
was, for the TD group: 679+113 (std), 128+17
(devAnger), 128 £ 19 (devNeutral), 123 + 15 (equiAnger),
and 121 + 21 (equiNeutral2); for the ASD group: 691 + 84
(std), 127 £ (devAnger), 128 + 17 (devNeutral), 127 + 15
(equiAnger), and 123 + 15 (equiNeutral2). Groups did not
differ in the number of averaged stimuli regardless of the
stimulus category (all P> 0.57).

Responses were analyzed and compared with the ELAN
software®. vMMNSs were calculated as ERPs to devAnger
and ERPs to devNeutral stimuli minus the responses eli-
cited by the same emotional (equiAnger) and neutral
(equiNeutral2) stimuli, respectively, presented in the
equiprobable sequence (i.e., anger vVMMN = devAnger —
equiAnger; neutral VMMN = devNeutral — equiNeutral2);
see refs. '*3%, Group grand average difference waveforms
across participants were examined to establish deflections
of interest. Group comparisons were performed on spe-
cific brain activities related to emotion deviants and neu-
tral deviants.

Statistical analyses
Event-related potentials

To investigate sensory ERP responses, the P100 and
N170 peak latency and amplitude in response to anger
and neutral stimuli presented in the equiprobable
sequence (namely, equiAnger and equiNeutral2) were
analyzed. For the P100, peaks were measured individually
in the 80-140 ms time window (see Fig. 2A). A repeated-
measure analysis of variance (ANOVA) included Group
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(TD, ASD) as between-subject factor and Emotion
(Anger, Neutral) and Electrode (O1, O2) as within-subject
factors. A similar analysis was carried out for the N170
but on PO7 and PO8 electrodes in the 140—-200 ms time
window.

Visual mismatch negativity

For each condition (i.e., anger and neutral vYMMN) and
each group, vVMMN amplitudes were compared to base-
line at each electrode and each time point. Then, based on
previous emotional face vVMMN studies and on visual
inspection of averaged vVMMN responses in both groups,
three time windows were selected to measure early and
late peak latency (80-180 ms and 220-400 ms, respec-
tively) and amplitude and mean amplitude (400—480 ms)
in all participants. These time windows were similar to
responses previously observed in neurotypical individuals
and allowed comparing the clinical groups.

vMMN peak analyses Peak latency and amplitude were
measured over occipital and parietal sites in two time
windows (80-180ms and 220-400ms) as the largest
negativity within the range for each participant to
investigate early and late vMMN:s, respectively.

Sustained vVMMN mean amplitude Mean amplitude
was measured in a selected time window (400—480 ms) in
each participant, as it rather reflects sustained responses
compared to tighter peak activity (see ref. '®).

vMMN statistical analyses Peak (latency, amplitude)
and mean amplitude analyses ANOVA were performed
on six posterior electrodes: O1, 02, PO7, POS, P7, and P8
with Group (TD, ASD) as between-subject factor and
Emotion (Anger, Neutral), Electrode (Occipital, Parieto-
occipital, Parietal)) and Hemisphere (Left, Right) as
within-subject factors.

For each ANOVA, Bonferroni post hoc comparisons
were performed when necessary. For significant results,
the effect sizes are shown as 5”,. Levene tests were
performed to control for group variance if group effects
were found.

As group differences were observed on both verbal and
performance IQs, to control that IQ did not affect brain
responses, analyses of correlation between vMMN and
both verbal and performance IQ were performed in each
group separately. Correlations are reported whether
significant differences were observed.

Permutation analyses

For each condition, a permutation test in the 50—-550 ms
time window was performed to compare between groups
activity recorded over all the electrodes. Results were
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A. ERPs ,
— equi_Anger
PO8 ASD: — equi_Neutral2
--- equi_Anger
8uv 5
¥ T --- equi_Neutral2
N170

+8 pv
-100 0 100 200 300 400 500 600 ms
— anger_vMMN
B. VM M NS ASD: — neutral_vMMN
o --- anger_vMMN
" --- neutral_vMMN
pPO7 PO8
35V o 3.5V 2= prss
* * X X

neutral_VMMN'

+3.5 v +3.5pV
-100 0 100 200 300 400 500 600 ms -100 0 100 200 300 400 500 600 ms
~ 120200ms | 280-360ms 400-480ms
j (peak amplitude) ! (peak amplitude) ! (mean amplitude)
.~ TD ASD 1D ASD D ASD
anger_vMMN

Group*Emotion
F(1,32) =4.39, P=0.04

F(1,32) = 5.38, P= 0.03
-
+150V 0 -1.5pV

Fig. 2 Sensory ERPs and vMMNs for each condition and group over parieto-occipital electrodes. A Grand-average ERPs at PO8 elicited by
emotional (i.e, anger, red lines) and neutral (blue lines) stimuli presented in the equiprobable sequence for the ASD (plain lines) and TD (dotted lines)
groups. P1 and N170 components are indicated by arrows. B On the top, grand-average VMMN at PO7 and POS elicited by emotional (angry, red
lines) and neutral (blue lines) deviants for the ASD (plain lines) and for TD (dotted lines) groups. Gray rectangles represent the time windows in which
analyses were performed (peak analyses for 120-200 ms and 280-360 ms and 400-480 ms for mean amplitude). On the bottom, 2D scalp
topographies (back view) showing mean activity in selected time windows for analyses.
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corrected for multiple comparisons across time*’. These
analyses provide supplementary information on group
differences by confirming peak analyses or proving
topographical findings.

Source analysis

We performed source reconstruction to estimate the
anatomical location of electric sources that could explain
ERP data. We used the Curry 8 software (Compumedics
USA, Inc.) which implemented the methodology pro-
posed by Wagner et al. Distributed source analysis was
performed with the sSLORETA method (standardized
low-resolution brain electromagnetic tomography) for
current density reconstruction (CDR) and a realistically
shaped three-compartment boundary element method as
head model*'. CDR results for each subject, each emo-
tion (Anger, Neutral), and each condition (Deviant,
Equiprobable) were analyzed using the CDR SnPM
algorithm (CDR-Statistical non-Parametric Mapping),
which is able to extract brain locations through time with
significantly ~different activations between Groups,
Emotions, and Conditions, including both main effects
and interactions*?.

For each group, sSLORETA images for ERP sources to
the emotional vs. neutral stimuli (Emotion effect) in the
deviant vs. equiprobable conditions (Condition effect)
were compared statistically with a voxel-by-voxel method.
Multiple comparisons were corrected by a randomized
normalized test based on SnPM. The Group effect (TD vs.
ASD) and the Group-by-Emotion interaction of the cur-
rent sources of emotional and neutral vYMMN were per-
formed in the time window between 50 and 500 ms post
stimuli onset. The voxels with significant differences (P <
0.05) were projected in specific brain regions.

Results
Behavioral results

The ASD group presented smaller d’ values compared
to the TD group (ASD: d’ =3.4 +1.5; TD: d’ = 4.7 £ 0.75;
t(32) =3.23, P=0.003). This was due in particular to
four participants in the ASD group presenting a poor
task performance (d’ < 2.0). The other participants per-
formed the task well (ASD: &’ =4.0 + 1.0, N=13). The
recordings of the four subjects underscoring on the
behavioral task were visually inspected to ensure that
these participants looked at the screen during the task.
Accordingly, both P1 and N170 components were pre-
sent in these participants suggesting basic face proces-
sing and compliance to the task regardless of the poor
performance. Similarly to verbal and performance I1Q
correlations, d’ was introduced in correlation analyses
together with vMMN parameters, whenever previous
electrophysiological statistics revealed significant group
differences.
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Event-related potentials

ERPs over POS electrode are displayed in Fig. 2A. The
results revealed no significant effects on the P100 latency
(P>0.21). However, a main effect of Group showed that
the ASD group presented a smaller amplitude of the P100
than the TD group (F(1,32) = 5.09, P = 0.03, ;72P =0.137).
A significant main effect of Emotion (F(1,32) = 12.88, P =
0.001, ’721: =0.287) was due to angry faces eliciting a
greater P100 compared to neutral face. However, the
interaction between Group and Emotion was also sig-
nificant (F(1,32) =5.78, P=10.02, ;72p =0.153), explained
by the fact that the emotional modulation of P1 amplitude
was present in the TD group only (P=0.001) and that
groups tended mainly to differ on the emotional condition
(P=0.07). For the N170, no significant main effects were
revealed on latency (all P> 0.13) nor on amplitude (all P >
0.08). No significant interactions were found. The
apparent but non-significant N170 group difference (P =
0.09) seen on the curves Fig. 2A could be related to the
important amplitude variability in the TD group (e.g.,
emotional and neutral averaged amplitude over POS:
TD: —3.53+5.0 uV, ASD: —1.57 £ 2.5 V).

Visual mismatch negativity

Student’s ¢ test for each vMMN in each group revealed
significant deflections compared to baseline (P < 0.05)
between 100 and 550 ms.

Posterior peak analyses

Visual inspection of potential waveforms over posterior
electrodes indicated that two peaks were clearly recog-
nizable in the TD group, occurring at 150 and 310 ms,
respectively (see Fig. 2B over POS8 electrode) as previously
shown'®,

In the first time window (80-180 ms), analyses of the
posterior peak amplitude revealed an effect of Electrode
(F(1.71,54.6) = 13.10, P < 0.001, 1%, = 0.291) explained by
parieto-occipital sites (i.e., PO7 and POS8) presenting
more negative responses compared to occipital or parietal
electrodes (P=10.009, P<0.001, respectively). A sig-
nificant interaction between Electrode, Emotion, and
Group (F(1.87,59.8) =3.39, P=0.043, 172p =0.095) was
also found due in particular to the ASD group presenting
a smaller vVMMN amplitude to the emotional compared to
the neutral deviancy over the occipital sites (P =0.012),
whereas no emotion effect was found on the first VMMN
peak amplitude in the TD group. Latency analyses
revealed that responses were faster over the occipital sites
compared to parieto-occipital sites (P =0.012) as shown
by a significant effect of Electrode (F(1.80,57.5) =4.67,
P=0.016, I72p =0.127). No group differences or other
effects were found in this time window.

In the second time window (220-400 ms), peak analyses
of the amplitude revealed a significant Group effect
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(F(1,32) =5.38, P=0.03, %, =0.144) due to the ASD
group presenting a smaller vVMMN response. The Elec-
trode effect was also significant (F(1.80,57.7) = 15.83, P<
0.001, ;72p =0.331), as both occipital and parieto-occipital
sites presented more negative responses compared to
parietal sites (P = 0.002, P < 0.001, respectively). This effect
was further explained by a significant interaction between
Group and Electrode (F(1.80,57.7)=5.02, P=0.012,
172p = 0.136) showing that the Electrode effect was due to
the TD group only (both comparisons P <0.001). The
Hemisphere effect was also significant (F(1,32) =6.94,
P=0.013, 112p =0.178) and explained by larger amplitude
over the right hemisphere.

Latency analyses revealed a significant effect of the
Hemisphere (F(1,32) =5.88, P=0.02, >, =0.155) as the
response occurred faster over the left hemisphere. A
three-way interaction between the Emotion, Electrode,
and Hemisphere was found (F(1.94,62) =3.40, P =0.04,
172p=0.096) due to responses occurring faster for the
neutral compared to the emotional vYMMN over the left
(P7) compared to the right (P8) parietal electrode (P =
0.002). No significant correlations were found with verbal,
non-verbal IQ, or &' in the TD or ASD groups.

Mean amplitude analysis of posterior response

Finally, in the 400-480 ms time window, the analysis
performed on the vYMMN revealed a significant interac-
tion between Group and Emotion (F(1,32) =4.39, P=
0.04, #*,=0.122), as emotional VMMN response was
larger in TD compared to ASD group (P < 0.05; emotional
response over PO8, TD: —1.15+1.7uV; ASD: 0.04 +
1.5 pV). Verbal and non-verbal IQ nor 4’ correlated with
mean VMMN activity.

Permutation analyses

As show in Fig. 3, the results showed group differences
in mainly three time windows for the emotional condition
(anger-MMN), while groups differed only around the
300—-320 ms time window for the neutral condition. As no
group differences were observed on VMMN peak laten-
cies, permutations confirmed that group differences were
due to amplitude differences. These analyses also con-
firmed the significant Group-by-Emotion interaction
found in the mean amplitude analysis in the late time
window.

Source estimations

Source analyses results are summarized in Table 1 and
Fig. 4A, B. Table 1 displays brain regions and latencies
where significant statistical effects were found.

Descriptive analysis
In both groups, CD activity was observed in several
brain regions for neutral and emotional vVMMN mostly
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including striate (in ASD) and extrastriate (in TD) occi-
pital cortices in the MMN first peak latency range and the
right fusiform gyrus (FG) and right temporal regions
during the second MMN peak in both groups (Fig. 4A).

Within-group statistical analysis

In the TD group, the statistical comparison of CD
activity in response to Equiprobable and Deviant stimuli
leaded to significant differences at 175ms in the left
inferior frontal gyrus (IFG) and at 275ms in the left
superior temporal gyrus (BA22, STG). In the ASD group,
the same analysis displayed significant differences in the
right temporal pole (BA38, TP), the right STG/insula,
right precuneus, and cingulate regions (Table 1).

Source activities of Neutral and Emotional change
detection were then directly compared in the Emotion
(Anger vs. Neutral) by Condition (Equiprobable vs.
Deviant) interaction within each group. The analysis in
the TD group showed greater activity for the Emotional
than for the Neutral change detection in the left superior
frontal gyrus (BA10), left inferior parietal lobule (IPL)
(BA40), right middle temporal gyrus (MTG), and later in
the right cuneus, right middle frontal gyrus/rectal (BA11)
and right anterior cingulate cortex. In the ASD group, no
interaction was observed between Emotion (Anger vs.
Neutral) and Condition (Equiprobable vs. Deviant) in any
of the time windows.

Between-group statistical analysis

Group comparison of vVMMN sources revealed in the
ASD group a significant lower activity compared to the
TD group in early time windows in the Precuneus (BA7,
19) and later in the insula (BA13) and in the posterior
MTG (BA39) but larger activity in the TP (BA38) in a
later time window (340-440 ms). Moreover, significant
Group-by-Emotion interaction (i.e., Anger and neutral
VMMN) (P=0.002) revealed reduced duration of the
source activity in the right insula during emotional change
compared to neutral change detection at 395 ms time
window in the ASD group, whereas source in the insula
maintained its activity for emotional change in the TD
group (Table 1 and Fig. 4B).

Discussion

By using both oddball and equiprobable sequences, we
investigated specific automatic change detection of emo-
tional (i.e., anger) and neutral deviant faces in adults with
autism. To our knowledge, this is the first study char-
acterizing automatic deviancy processing to facial
expressions in autism by investigating visual MMN and its
brain sources.

From the early stages of sensory perception, our results
showed atypical responses to faces in individuals with
ASD. Indeed, as in a previous study, P100 amplitude was
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Fig. 3 Permutation tests analyses. Permutation tests analyses showing statistical significance between groups over the entire scalp (64 electrodes)
in the 50-600 ms latency range for the anger vMMN (left) and the neutralv MMN (right). Statistical significance is represented by light gray, gray, and
black colors (P<0.05, P<0.01, and P < 0.001, respectively).
A

found reduced to emotional face stimuli’, in line with early
visual responses being affected in those with ASD**~*°,
Conversely, N170 amplitude did not differ between the
groups as recently shown in a meta-analysis in ASD®.
Moreover, we showed that only the TD group displayed a
greater response to the angry stimulus compared to the
neutral one, while this modulation by the emotion was not
observed in the ASD group”*’. These atypical sensory
responses suggest that early steps of face and facial
expression processing are altered in adults with ASD, in
accordance with previous neuroimaging findings showing
atypical responses in the occipito-temporal regions®**~>°,
As demonstrated by the increasing number of studies
using VMMN paradigms in psychiatric neurodevelop-
mental and neurodegenerative conditions, vYMMN com-
ponent is considered as a potential electrophysiological
marker of automatic change detection (for a review and
meta-analysis, see ref. >'). However, to date only few stu-
dies have specifically investigated facial expression-related
vMMN in clinical populations®~>%°%%2,

In the present study, similarly to previous investigations
on facial expression vMMN, two peaks were observed in
the TD group around 150 and 310 ms'”'®?”3, with the
second peak being followed by a sustained activity for the
emotional deviant stimulus but not for the neutral one
(see ref. '®). Analyses of VMMN peaks revealed that
change detection responses were different in the ASD and
TD groups in the earliest time window (80-180 ms) as
only the ASD group presented a reduced emotional
response, while the TD group shows similar responses for
the neutral and the angry deviants. Reduced vMMN was
observed on the second peak in the 220-400 ms latency
range in response regardless of the nature of the deviant

stimuli. This corroborates previous studies investigating
MMN in the visual modality in ASD using simple non-
social stimuli and showing disrupted change detection
processing in both children and adults®*®, It is possible
that individuals with ASD favor low-level information at
the expense of relevant features influenced by the con-
text’**°, This could turn into a smaller vMIMN amplitude
compared to TD adults, especially in the case of a con-
trolled VMMN where the stimulus presented in the
equiprobable sequence is subtracted from the same sti-
mulus presented as deviant in the oddball sequence
allowing to control for low-level features. Conversely, TD
individuals might rely more on higher-level information
depending on the context (i.e., sequence in which the
stimulus is presented), than on low-level aspects while
automatically processing changing events (see ref. >*).

Such atypical change detection in participants with ASD
has also been shown in the auditory modality in response
to both physical (tone frequency)'®"' and prosodic
(emotional) deviancies®®. Altogether, results from visual
and auditory MMN studies support the hypothesis of a
broad impairment of the automatic change detection
system.

In accordance with our expectations, we found no
emotional sustained activity in the ASD group in the later
time window as compared to TD participants'®. Overall,
group differences point for an impairment of change
detection mechanism as well as for a specific emotional
change detection deficit. This was also confirmed by
permutation analyses showing that group differences were
found for the emotional condition around an earlier time
window compared to the neutral condition. Thus, emo-
tional deviant events may not be processed as being
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Table 1 CDR statistical analyses.
Comparison Time window (ms) Brain region label Brain region (BA) MNI coordinates (x, y, 2) P value
Anger vs. neutral (Emo effect)
Deviant vs. equiprobable (Cond effect)
Comparisons in each group
D
Cond effect 175-179 IIFG BA9 —45, 6, 25 P=0.022
265-285 ISTG BA22 —66, —43, 8 P=0.001
Emo effect 224-240 rFG BA47 33,26, =7 P =0.006
299-304 rPrecentral G BA6 33, —16, 66 P=0.033
382-406 rlPI BA40 57, —43, 37 P=0.006
443-451 rSupraMarginal G BA40 57, —43, 36 P=0015
Interaction Emo*Cond 100-107 ISFG BA10 —38, 49, 20 P =0.009
156-158 IIPL BA40 —62, —36, 29 P=0.044
363-377 MTG BA21 70, =22, —14 P=0.003
415-433 rMOG BA18 13, =100, 15 P=0.004
rMFG/rectal BAT1 5,35, —28 P=0.004
rACC BA32 7,31, =14 P=0.004
ASD
Cond. effect 189-202 TP BA38 22,7, =40 P =0.004
248-257 [Precentral BA6 —61, =16, 43 P=0.021
270-277 rinsula BA13 46, —13, 4 P=0013
1STG BA22 53, —16, 5 P=0013
293-308 |Precentral BA6 —37, -9, 63 P=0.001
375-390 rIlPS/precuneus BA7 28, —57, 54 P=0.022
417-431 IMFG BA6 —3,-22,53 P=0013
MFG BA6 5, =22, 54 P=0013
ICingulate BA24 —7,—=23,38 P=0013
rCingulate BA24 6, —23, 39 P=0013
Emo. effect 205-238 IIPL BA40 —66, —26, 23 P=10.001
Interaction Emo*Cond No significant effects
Group comparisons on
VMMNs
TD > ASD 171-189 rPrecuneus BA19 44, =76, 37 P =0.002
319-341 rPrecuneus BA7 12, =78, 45 P=0.017
429-437 lInsula BA13 —31,18, =8 P=0013
447-454 MTG BA39 44, —61, 25 P=0.030
ASD >TD 347-355 1STG BA38 44,17, =37 P=0.034
429-437 ISTG BA38 —33, 20, =36 P=0013
Interaction Group*Emo 392-396 rinsula BA13 37,7, -8 P =0.006

particularly salient as in TD adults and might be under-
processed in participants with ASD, leading to major
difficulties in social adaptation. Altogether, these results

are in line with the positive correlation between AQ
scores measured in TD adults and vMMN amplitude to
happy deviant stimuli as previously shown’, meaning
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A. Source activity at vYMMNs peaks

TD ASD
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B. Statistical effects

Group Group*Emotion
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BA13; x=37; y=7; z=-8
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Fig. 4 vMMN source activity and group comparison. A Source activity for the TD and ASD groups (left and right sides, respectively) around the
VMMN peaks (i.e, ~140 ms on the top and ~310 ms on the bottom). B Significant statistical effects: on the left side, the group effect in the right
precuneus (rPrecuneus) at two latencies (~18 0ms and ~325 ms); on the right, the GroupxEmotion interaction, due to right insula (rinsula) being
stronger activated in the TD group compared to the ASD group for only the emotional deviancy (i.e, anger_vMMN at ~395 ms).

that more autistic traits were associated with smaller
vMMN amplitude (i.e. more positive).

In order to better understand the brain processes
involved in facial expression change detection, explora-
tory and complementary source analyses were performed.
Only few studies investigated sources in emotional
vMMN in TD participants*>'®?®%”, and this is the first to
investigate source activity of vYMMN responses to emo-
tional and neutral deviants in people with ASD. Foremost,
in both groups, we replicated previous results reported in
TD populations and found activity in the insula and in the
occipital and temporal cortices (ie, STG, FG, see
refs. '%”) during the YMMN process to change in facial
expressions. Hence, the broad face processing network
was involved regardless of the emotional content in both
groups, suggesting that when gaze is forced to a specific
face area (nearby the eyes’ region as in our protocol), the
FG is typically activated in autistic individuals***’. Sec-
ond, we showed that during change processing, compared
to controls, individuals with autism displayed reduced
activity in the posterior MTG/IPL (BA 19/39), regions
belonging to the automatic saliency network®®. Results
also indicated reduced activity in the insula in the ASD
group while processing the emotional deviancy specifi-
cally. Here again, findings suggest that the activity of the
brain regions involved in the broad change detection
process is atypical and also not modulated by the emo-
tional nature of the stimuli. By showing reduced activity of
the insula in those with ASD, the present results are in
accordance with a meta-analysis showing a hypo-
activation of this region during face perception®”. How-
ever, such hypo-activation was also observed in non-social

cognition contexts, in line with the insula contributing to
the processing of saliency and also integrating together
sensory and affective information®. Other studies, how-
ever, show a hyper-activation of this region in autism,
especially in children (for a review, see ref. ®), suggesting
that, depending on the specific process and age group,
different patterns can be observed. In line with this, our
results suggest an impaired activity of the insula related to
atypical change detection of emotional faces, which might
support that this region plays a critical role in both
affective and pre-attentional processes.

Some limitations should be considered in the present
study. To our knowledge, this is the first investigation of
vMMN to emotional face in adults with autism, which
requires to be further replicated. These data should be
confirmed within a larger sample size and by using
other emotional facial expressions. vVMMN protocols
often require the participants to be involved in an active
concurrent task, therefore constraining this kind of
investigation to the higher part of the autistic spectrum.
Other protocols should be designed to allow studying
automatic change detection within the visual modality
in individuals from the whole autistic spectrum. In a
similar vein, studying the vMMN to facial expressions
in younger participants could provide crucial informa-
tion on the developmental aspects of the automatic
detection of emotional changes. Finally, since similar
atypical change detection to emotional faces was found
in other clinical conditions such as schizophrenia, it
would be of interest to compare different groups to
investigate whether our results are specific to the ASD
population.
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Conclusions

The present study provides additional understanding of
the automatic emotional processing in autism. Here we
combine both understanding of atypical emotional face
processing and unusual automatic change detection in
autism (see ref. °'). Indeed, these findings suggest that
both atypical tracking of subtle changes and less accurate
processing of facial expressions could be responsible for
the difficulties in ASD to adapt to complex and rapidly
changing social situations.
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