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Purpose: Facial recognition is very primary and important in individuals’ development and the event-related potential based on face
recognition such as N170 is considered as the most potential objective marker of autism, the hot and difficult point of current research.
We will explore the electrophysiological basis of facial recognition with autism and without autism. Given the link between facial
recognition and social impairments, the core symptom of autism, it is also necessary to study the correlation between the P1 and N170
components and the severity of social functioning in autism.

Patients and Methods: In this study, autism and age-matched typically developing children were asked to examine photographs of
faces, objects and butterflies and event-related potentials were recorded. The parents or caregivers of the participants were asked to fill
out the Vineland Adaptive Behavior Scale. Finally, thirteen children with autism (6.60+2.12years) and ten typically developing (6.65
+1.64years) children were included in the experiment.

Results: Children with autism showed slower P1 and N170 latencies than typically developing children. The N170 amplitude for
faces was larger than that for objects. Considering age as a covariant, the results primarily remained unchanged and the effect size of
age was significant for the P1 and N170 latencies. As for the correlation between ERPs and the severity of social impairment, there
were some significant correlations between the P1 and N170 latencies and social functioning.

Conclusion: This result not only suggests the electrophysiological basis of facial recognition but also indicates that the P1 and N170
components could assist in the diagnosis and assessment of autism. Moreover, the results suggest that age should be considered in
analyses of the P1 and N170 latencies. Due to a limited number of participants, conducting a multi-center and large-sample study in
the future is necessary.
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Introduction

Facial recognition develops beginning in the first year of life. Infants present a preference for their mother’s face within
days after birth." Moreover, facial recognition plays a vital role in social functioning by providing the necessary
emotional and cognitive information for social interactions. Therefore, facial recognition is a primary ability and
important for individuals’ development. However, individuals with autism show atypical facial recognition.

Autism spectrum disorder (ASD) is a neurodegenerative disorder with core features such as restricted interests,
stereotyped behaviors, and social and communicative impairments,” which cause considerable burden to individuals,
families and society. Some experts have put forward that ASD children do not pay attention to faces during sensitive
developmental periods, which results in failures in facial recognition and related cortical specialization.> This further
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contributes to social dysfunction, the core feature of ASD. Some studies have explored electrophysiological basis of
facial recognition and atypical pattern in ASD individuals.

P1 is a positive evoked-related potential (ERP) that occurs at the occipital electrode and has a maximum amplitude of
approximately 100 ms. P1 was thought to be the earliest endogenous visual ERP, reflecting early and rapid processing.’
Many studies have suggested that P1 reflects the neural response to the basic sensory input of visual perception®® and is
influenced and modulated by selective attention.”'® Studies investigating P1 in ASD have yielded mixed results, and
some studies have indicated that faces elicit a faster P1 latency than objects in typically developing (TD)
individuals.”'" "4

N170 is a negative ERP that is related to facial recognition, which has a maximum amplitude of approximately 170
ms at the occipito-temporal electrodes, with a shorter latency and larger amplitude in response to faces compared to
objects.'> Some articles suggest that N170 can help distinguish ASD individuals from TD individuals because ASD
individuals have a slower latency and smaller negative amplitude in response to faces than TD individuals do.'®"
However, some articles did not reproduce this result.>’ In addition, we cannot help but raise the question of whether the
N170 latency (N170L) or N170 amplitude (N170A) is a better objective marker of autism. McPartland et al reported that
both children and adults with ASD presented a slower N170L than did age-matched TD individuals, but no significant
difference in amplitude was detected.>'” Some papers have shown that adult individuals with ASD have a slower latency
and smaller amplitude than those in TD individuals.?'*?

N170 has been reported to be potential not only to assist in the diagnosis of ASD but also to reflect the severity of
ASD. A faster right hemisphere N170L was correlated with better performance on Benton facial recognition tests.'’
N170L was also related to holistic face processing, with faster N170L indicating greater accuracy in the holistic task.** In
the same study, N170L was associated with social difficulties, as measured by the Child Behavior Checklist, with a faster
N170L to upright faces indicating better social function. Considering the close connection between face recognition and
social functioning, studies are needed to explore the correlation between N170 and the severity of social symptoms.

N170 has also been reported to be sensitive to configural information extraction supported by the inverted face
effect.”** Inverted faces increase spatial structure recognition difficulties, so TD individuals exhibit longer N170L and
greater negative amplitudes for inverted faces than for upright faces, which is referred to as the inverted face effect.
There was no obvious inverted facial effect in the ASD group because of the spatial structure recognition
dysfunction.'”*> However, other articles did not observe this phenomenon in their results.”® The inverted face effect
was seen in some studies investigating P1.%'22%27

In addition, facial recognition is reported to involve right lateralization. For right-handed people, the left hemisphere
of the brain is better at calculation, speaking, memory and so on, whereas the right hemisphere is better at music, art, and
spatial processing. Therefore, it is not difficult to infer that facial recognition involves right lateralization, which has been
tested in several studies using EEG and fMRL.'7'??%2873% While most TD individuals show activation of the right
fusiform gyrus in response to facial stimuli, individuals with ASD show atypical hemisphere lateralization.'’'3
However, Shen 1. H. et al reported that there was no difference in the N170L between the two hemispheres in the TD
group."

These inconsistent findings may be driven by moderating factors, of which age is considered the most promising.
With increasing age, N170L becomes shorter, and N170A becomes negatively larger. In a large sample study, the author
conducted a cluster analysis to reveal the subgroups of ASD patients and reported that there was no significant difference
in symptom severity, 1Q, or sex across the clusters but that age significantly differed. Moreover, N170L significantly
differed among the three clusters.>® These findings suggested that N170L was influenced by age. P1 has also been
reported to be modulated by age.'®'®¥

On this basis, we conducted behavioral and electrophysiological experiments on facial recognition to investigate the
following: 1. the electrophysiological basis of facial recognition in ASD and TD individuals, including the differences in
P1 and N170 between the ASD and TD groups as well as the presence of inverted facial effects and hemispherical
lateralization, and 2. the correlation of P1 and N170 with the severity of social functioning in ASD patients, as well as the
effect of age on P1 and N170, especially N170. We hypothesized that different patterns of face recognition may be
observed between children with and without ASD, with ASD presenting the slower P1 and N170 latencies. Moreover, we
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predicted that N170L would be correlated with the severity of social functioning and with age increasing, the N170L
would be faster.

Materials and Methods

Participants

Individuals with ASD were recruited from the rehabilitation department of the First Affiliated Hospital of Jinan
University and were diagnosed by experienced psychiatrists according to the Diagnostic and Statistical Manual of
Mental Disorders-IV (DSM-IV) criteria. In addition, included participants had a verbal 1Q of 70 or more according to the
Peabody Picture Vocabulary Test, which was strongly supported to be a proxy for verbal IQ in ASD studies.*
Participants with neurological disorders (epilepsy, head injury, severe sensorimotor impairment, schizophrenia, or
dyslexia) and a family history of ASD were excluded from the TD group. For all participants, written consent was
obtained from their guardian prior to the experiment.

Thirteen ASD individuals (age: M = 6.60 years; SD = 2.12) and ten TD individuals (age: M = 6.65 years; SD = 1.64)
were ultimately recruited for our experiment as one ASD individual could not cooperate with EEG. Eleven participants in
the ASD group and four participants in the TD group were boys. All the participants were right-handed according to the
handedness scales of the Edinburgh Handedness Inventory. The study was approved by Scientific Research Ethics
Committee of the First Affiliated Hospital of Jinan University (KY-2024-008). The research procedure can be seen in
Figure 1(A).

Task and Stimuli

Three categories of stimuli were used: upright faces, inverted faces and objects. For the upright face category, 10
photographs of unfamiliar actors (50% men) with neutral expressions were selected from the Karolinska Directed
Emotional Faces database. These upright faces were turned upside down using Photoshop software for the inverted
face category. For the object category, we selected 10 photographs of different chairs and 10 photographs of different
houses. In addition, one butterfly photograph was used to maintain attention. All the photographs were black and white
and were uniformly sized to 340x500 pixels by using Photoshop.

There were 2 blocks in total, with each block including 93 trials, which were presented in a random order with
E-prime 3.0. Each photograph was presented 3 times in one block. One block included chair photographs as the object
stimulus material, and the other block included house photographs. Each block, contained 30 trials for each category, and
the butterfly stimulus was presented in 3 trials.

The participants sat approximately 60 cm from a screen in a quiet room with background lightning. As seen in
Figure 1(B), at the beginning of a trial, a fixation cross was presented in the center of the screen for 500 ms, followed by
a stimulus for 500 ms and finally a blank screen with a random duration of 1000—1200 ms. Following the previous

literature, '3-2%-22

the participants were asked to press a button when they saw a photograph of a butterfly to maintain
attention. The formal experiment began after the practice experiment was completed and the participants understood the

rules.

ERPs

We used an elastic cap with 64 Ag-AgCl electrodes placed according to the 10-20 international system. The impedance
of each electrode was less than 45 KQ, and the sampling rate was 500 hz. Electrophysiological data were recorded using
Curry 8 (NeuroScan, Compumedics). The EEG signals were amplified and filtered using a bioamplifier (SynAmps,
Compumedics, USA).

We used MATLAB 2023b software to analyze the EEG data, which were filtered at 0.1--30 hz. Cz was used as
the reference electrode and average reference was used for re-reference during the acquisition, with the butterfly
stimulus being not analyzed. The EEG data were segmented into 600 ms epochs, from 100 ms before the stimulus
to 500 ms after the stimulus. The prestimulus interval was used to correct for baseline shifts. Each epoch was
visually inspected to remove bad epochs and epochs were rejected for inclusion in the analysis for the following
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Figure | The research procedure.
Notes: the research design picture(A) and the electrophysiological stimulation paradigm(B). This figure is created in BioRender. https://BioRender.com/fbv03x7.
Abbreviation: VABS, Vineland Adaptive Behavior Scale.

reasons: an amplitude greater than the absolute value of 150 pV; a >140 pV drift in a moving average of 80 ms
(eye blinks); and a >55 pV drift with the same other parameters (eye movements).”*>” Channels with artifacts on
more than 50% of the trials were defined as bad channels and interpolated using MATLAB. EEG data with fewer
than 50% of the trials for stimuli or with more than 20 bad channels were excluded from the final analysis. There
was no significant difference in acceptance rate of the trials between the two groups (ASD:88.44%; TD:94.45%).

With reference to previous studies, we selected the P7/P8 and PO7/POS electrodes (N170) and the O1/02 electrodes
(P1) for the recordings and a time window of 150—340 ms (N170) and 80-210 ms (P1) for peak detection. N170A was
defined as the maximum negative peak across the specified electrodes in the specified time window, and N170L was
defined as the latency to N170A. P1 was the maximum positive peak at the O1 (left) and O2 (right) electrodes around the
time window. The data averaged across the P7/PO7 electrodes represented the N170 of the left hemisphere, and those
averaged across the P8/POS electrodes represented the N170 of the right hemisphere, which were extracted for each
participant for each stimulus category.
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Behavior Data

The Vineland Adaptive Behavior Scale (VABS), the first standardized adaptive behavior scale, is often used to evaluate
adaptive functioning in communication, daily living skills, socialization skills and motor skills. The reliability of
Vineland-3 Comprehensive Interview Form was from 0.70 to 0.81, while the reliability of Internal Consistency was
from 0.90 to 0.98. The validity is determined by investigating the relationships with other scales that measure the same
construct. The Vineland-II scores were compared to the scores of the Adaptive Behavior Assessment System-Second
Edition with the correlation coefficient of 0. 70. In a research including 106 parents/caregivers of individuals diagnosed
with neurodevelopmental disorders, the concordance correlation coefficient estimates all exceeded 0.70 between the
Vineland-II and the Vineland-3 for each subscale and domain.*® A study, including 684 autistic individuals, provided
Vineland special population norms in ASD individuals and highlighted the significance of employing norms to evaluate
ASD individuals.*® Recently, the VABS and its revised edition is widely used in ASD individuals*® and the social
impairments in ASD have been well documented using the VABS.*!

We used the Vineland-3 Comprehensive Level Parent/Caregiver Forms, which include 11 subscales in four domains:
communication, daily living, social skills and relationships, and physical activity. In our experiment, we focused on the
social functioning of individuals with ASD and asked parents or caregivers of participants with ASD to complete the
social skills and relationships domain, which consists of three subscales (relating to others, playing and using leisure time
and adapting). On the day of the EEG experiment, we explained the scoring criteria to the parents or caregivers and asked
them to complete the scale. However, two ASD individuals’ parent failed to fill out the VABS in spite of the children
completed an EEG. Therefore, eleven ASD individuals participated in an analysis to explore the correlations between P1
and N170 latencies and the severity of social functioning. The average V-scores of the VABS social domain in ASD
individuals were as follow: the “relating to others” subscale (mean:10.09, SD: 2.59), the “playing and using leisure time”
subscale (mean:11.18, SD: 2.75) and the “adapting” subscale (mean:10.91, SD: 3.05).

Statistics

We conducted a mixed three-way analysis of variance (ANOVA) for N170 and P1, with a between-subject factor (group:
ASD vs TD), and two within-subject factors (hemisphere: left vs right; stimulus: upright faces vs inverted faces vs
objects). Post hoc pairwise comparisons were performed between the same categories, and we used the Bonferroni
correction for multiple comparisons. Correlation analyses were conducted between the behavioral data and EEG data.

Results

ERP Results

Pl

P1 latency: As seen in Figure 2(A), There was a significant main effect of group (F= 5.853, p=0.017) and stimuli (F=
5.862, p=0.004), with TD individuals presenting a shorter P1 latency than ASD children did and upright faces elicit
a shorter latency than inverted faces and objects (upright faces: 144.96 ms; inverted faces: 155.48 ms; objects:
157.70ms). Post hoc pairwise comparisons and a Bonferroni correction suggested that objects and inverted faces
presented slower P1 latency values than did upright faces (upright faces vs objects: p=0.005; upright faces vs inverted
faces: p=0.027). However, there were no significant differences between hemispheres. When age was used as a covariate,
the effect size of group (F= 6.942, p=0.009) and stimuli (F= 6.178, p=0.003) became more obvious, and age significantly
influenced the P1 latency (F=8.170, p=0.005). In addition, no interaction effect was found.

P1 amplitude: There was a significant main effect of hemisphere (F=7.568, p=0.007), and the P1 amplitude in the left
hemisphere was smaller than that in the right hemisphere. There was a tendency that TD individuals presented a larger P1
amplitude than did ASD individuals (F= 3.227, p=0.075). No significant effect of stimuli was seen. When age was used
as a covariate, the effect size of group became smaller (F= 2.836, p=0.095) and the effect size of hemisphere was more
obvious (F= 8.037, p=0.005), and age demonstrated an influence on the P1 amplitude. However, there was no significant

effect of stimuli, with objects eliciting a larger amplitude (p= 0.355). No interaction effect was found.
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Figure 2 The differences of NI170 and Pl between ASD and TD individuals.
Notes: the differences of Pl latency (A), NI70L (B) and N170A (C) between ASD and TD individuals.
Abbreviation: NI170L, N170 latency; N170A, N170 amplitude.

NI170
NI170L: As seen in Figure 2(B), there was a significant main effect of group (F= 10.297, p=0.002). TD individuals

presented a shorter N170L than did ASD individuals, as expected, but there was no significant difference in stimuli. In
addition, there was a tendency that the right N170L was shorter than the left N170L (left: 225.13 ms, right:216.23 ms;
F=2.523, p=0.115). When age was used as a covariate, the effect size became more significant (group: F= 12.751,
p=0.000; stimuli: F=2.782, p=0.098), and age had a significant influence on N170L (F= 14.614; p=0.000). However,
there was no interaction effect.

N170A: As seen in Figure 2(C), there was an obvious significant effect of stimuli (F=15.106, p=0.000) across all
groups and hemispheres. Post hoc pairwise comparisons and a Bonferroni correction suggested that both upright and
inverted faces presented greater N170A values than did objects. In addition, N170A in the left hemisphere was greater
than N170A in the right hemisphere (F=10.559, p=0.001). When age was used as a covariate, there was no significant
change in the results, and age did not significantly affect the effect. The details of average latency and amplitude
measures were shown in Table 1. Grand average waveforms in ASD and TD groups across all stimuli and hemispheres

can be seen in Figure 3(A) and (B), and grand average waveforms for stimuli across groups and hemispheres can be seen

in Figure 3(C).
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Table | Mean and SD of Average Latency and Amplitude

ASD TD

Left Right Left Right
Pl
Latency (ms)
Upright faces 148.31(16.89) 143.85(20.84) 144.60 (19.35) | 142.40(16.94)
objects 162.62 (16.62) | 161.08(19.50) 153.80(17.80) 150.80(21.00)
Inverted faces 159.54(18.69) 161.54 (12.89) | 151.60(26.11) 146.20(23.88)
Amplitude (pV)
Upright faces 11.66 (9.43) 16.28(13.97) 14.04(10.63) 22.39(14.02)
Objects 16.23(10.46) 19.97(10.63) 17.65 (8.59) 21.46(10.71)
Inverted faces 12.56(7.82) 16.20(10.69) 15.12(9.52) 22.20(14.17)
N170
Latency (ms)
Upright faces 234.00(36.43) | 218.77(39.76) | 211.20(41.07) | 206.60(30.86)
Objects 233.38(33.48) | 222.15(30.56) | 211.20(29.74) | 216.40(21.12)
Inverted faces 238.46(39.35) | 224.62(30.45) | 213.40(33.73) | 203.80(27.43)
Amplitude (pV)
Upright faces —3.20(5.30) —0.73(10.69) —4.10(8.94) 0.18(4.42)
objects 5.00 (5.79) 9.89(7.06) 1.93(6.26) 3.18(2.71)
Inverted faces -3.77(7.12) 2.21(7.22) —2.46(7.85) 0.75(3.81)

Correlation Between Pl and N170 and Social Function

Pl

As seen Figure 4, the P1 latency in the bilateral hemispheres in response to faces was negatively associated with the
“playing and using leisure time” V-scores (left: upright faces: =—0.777, p=0.005; inverted faces: r=—0.787, p=0.004;
objects: r=—0.627, p=0.039; right: upright faces: r= —0.835, p=0.001; inverted faces: r= —0.557, p=0.075). Moreover, the
P1 latency for inverted faces in the bilateral hemisphere was negatively associated with the V-scores of the “relating to
others” subscale (left: r=—0.598, p=0.052; right: = —0.658, p=0.028). The P1 latency for upright faces in left hemisphere
was correlated to the “adapting” V-scores (left: r= —0.708, p=0.015). There were no significant correlations of the P1
amplitude.

NI170
Interestingly, there were no significant correlations between N170A and the social skills and relationships domain scores
(relating to others, playing and using leisure time and adapting) of the Vineland-3 Comprehensive Level Parent/Caregiver
Forms.

For N170L, there was also no significant correlation between N170L in the left hemisphere and the social skills or
relationships domain score. The results suggested that N170L in the right hemisphere for objects was correlated with the
V-scores of the “relating to others” subscale (r= —0.782, p=0.004) and the “playing and using leisure time” subscale (r=
—0.678, p=0.022) and “adapting” subscale (r= —0.568, p=0.069). There was also a significant correlation between N170L
in the right hemisphere for faces and the V-scores of the “playing and using leisure time” subscale (upright faces: r=
—0.530, p=0.094; inverted faces: r=—0.601, p=0.050), which indicated that individuals with ASD who had a shorter
N170L in the right hemisphere might exhibit better social functions. The details can be seen in Figure 5.

Discussion
Our data suggest different patterns of facial recognition on the basis of the electrophysiological results in ASD and TD
individuals. ASD children presented a slower P1 latency and N170 latency than TD children did.
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Figure 3 Grand average waveforms in ASD and TD groups.
Notes: grand average waveform in the ASD group (A) and the TD group (B); grand average waveforms for upright faces, inverted faces and objects (C).

The P1 latency was different between ASD and TD children, with ASD children presenting a longer P1 latency.
Although some studies have not reported differences between these two groups,'®!'”*? Neuhaus E. et al showed that the
P1 latency was faster in individuals without ASD compared to individuals with ASD in a group with an average age of
11.3 years.”® O’Connor K. et al also reported that ASD adult individuals showed P1 latency delays for all expressions
compared to controls.>!' It is worth noting that several articles have found differences in P1 regarding the stimulus, with
faces eliciting a shorter P1 latency compared to inverted faces and objects.”! 112 Shen ILH. et al found that the P1 latency
for toys was slower than those for eyes, mouths and faces.'> Our data also suggested that faces elicited a shorter latency
than objects and inverted faces, which indicates that P1 might be modulated by the social nature of the stimulus. As for
the P1 amplitude, there was no significant differences between ASD and TD children, regardless of whether age was used
as a covariate. We observed that the P1 amplitude did not vary as significantly as the P1 latency did between the two
groups, which is consistent with the findings of many other studies.'*"*

N170 could distinguish ASD individuals from TD individuals, with longer N170L and smaller negative N170A in the
ASD group.***¢ This finding is consistent with the results of several other studies. McPartland J. C. et al reported that
N170L for faces in TD individuals was significantly faster than that in ASD children.*” Tavares P. P. et al reported that
there was a main effect of group on both N170L and N170A, with a shorter N170L and larger N170A in the TD group
for photograph stimuli.'® There seems to be no doubt that N170L can assist in the diagnosis of ASD. Our results
suggested that comparing to N170A, the difference of N170L between ASD and TD children was significant. Moreover,
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in another meta-analysis we conducted, we found differences between the ASD and TD groups only in N170L. In
addition, Webb S. J. et al identified a group of ASD children who scored low on facial memory, cognitive and language
skills using age-adjusted N170L.*

There was no significant effect of the stimulus, hemisphere or their interaction on N170L in our results, whereas there
were some effects of the hemisphere and stimulus on N170A. It is worth noting that N170L suggests a trend of right
hemisphere lateralization. However, the N170A indicated a negative larger amplitude in the left hemisphere, while the P1
amplitude suggests a larger positive amplitude in the right hemisphere. Although the previous studies had mixed results
on stimuli and hemispheres, the main effect of stimulus, that is, that N170A in response to faces was greater than that in
response to objects, was relatively consistent across all the studies. N170 is thought to be sensitive to categories and
stimuli.>'**'**” Some studies have also suggested that N170L may be less specific to faces than N170A,**>° which our
data confirmed, whereas N170L is believed to be more suitable for assisting in the diagnosis of ASD. As for the less than
obvious differences between ASD and TD individuals, one study explained that many experimental tasks do not require
attention to faces, and differentiation of the N170 amplitudes between ASD and TD individuals are more prominent when
the tasks are more face-specific.’’

We also explored whether N170 could reflect the severity of ASD symptoms. In our analyses, no significant
correlation between N170A and level of social functioning was found, but some significant associations between
N170L and social functioning were discovered. The N170L in the right hemisphere for objects was correlated with
the V-scores of the “relating to others” subscale, the “playing and using leisure time” subscale and the “adapting”
subscale, whereas the N170L in the right hemisphere for upright faces and inverted faces was correlated with the
V-scores of the “playing and using leisure time” subscale. Our results clearly indicate that N170L is associated with the
severity of social clinical symptoms, with a faster N170L indicating better socialization in ASD individuals. In terms of
its correlation with social clinical symptoms, N170L is also more suitable for evaluating social functioning in individuals

with ASD. In a multicenter, large-sample randomized study, the author conducted behavioral and EEG measurements in
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Figure 5 The correlations between N170L and the social skills and relationships domain scores.

Notes: the correlation between NI70L for upright faces (A), inverted faces (B) and objects (C) in right hemisphere and the “playing and using leisure time” subscale; the
correlation between N170L for objects in right hemisphere and the “relating to others” subscale (D).

Abbreviation: NI170L, N170 latency.

a group of individuals aged 6-36 years, and reported that faster N170L at baseline was associated with greater
improvements in the play and leisure time subdomain V-scores between baseline and the first follow-up visit.** This
finding also suggested that faster N170L implies better performance and prognosis in social functioning. In addition, Key
A. P. et al reported that N170L was related to clinical symptoms.*” A longer N170L to photographs of houses was
associated with higher Autism Diagnostic Observation Schedule scores, whereas a faster latency was associated with
higher 1Q scores and better NEPSY Memory for Faces subtest score. This finding was consistent with our results that
NI170L was associated with clinical symptoms and that a shorter N170L implied better function. Finally, Since the
N170L indicated a tendency of right hemisphere lateralization and the right N170L was correlated with the severity of
social functions in ASD individuals, the lateralization of face recognition is needed to be deeply explored.

The P1 latency was also correlated with the severity of ASD symptoms, with some significant associations with the social
skills and relationships domain scores, especially the “playing and using leisure time” subscale. In a study on the differences
between twins with and without ASD, the authors also found that stronger social skills and fewer social difficulties were
associated with faster P1 and N170 responses to upright faces, whereas there was no correlation between the P1 amplitude
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and social skills. The authors explained that because the amplitude reflects neural effort to some extent, this result may
suggest that successful social functioning depends more on the speed of facial processing than on neural effort.”*

Our results revealed that there was basically no inverted face effect in either the ASD or TD groups, except upright
faces elicited a shorter P1 latency than inverted faces did (Bonferroni correction: p=0.027). There was a main effect of
stimulus on N170A, with post hoc analysis showing that N170A in response to objects was less negative than that in
response to upright faces and inverted faces. Although there were no differences in N170A between upright faces and
inverted faces, N170A in response to upright faces (—1.96 uV) was greater than that in response to inverted faces
(—0.81 pV) across all groups and hemispheres. Neuhaus E. et al also reported that N170A was more negative for upright
faces than inverted faces.”® The inverted face effect is related to spatial configuration information. Daphne Maurer
distinguished three types of spatial configuration processing: first-order processing, which defines the face (ie, two eyes
above the nose and mouth), holistic processing (combining features to form a whole), and second-order processing (ie,
the spacing between features).’> The control group and ASD individuals presented similar P1 and N170 results when
Mooney faces were used as stimuli.”® Tavares P. P. et al reported that the ASD and TD groups also presented similar
results, but both groups exhibited the inverted face effect.'® These results support the idea of a partial-based processing
strategy in which individuals with ASD have the ability to process first-order information configurations in the same way
as TD individuals.

There is no doubt that age affects P1 and N170 indices, especially P1 latency and N170L.>*3* When age was used as
a covariate, its effect on P1 latency and N170L was extremely significant in our study. In a large-sample study with an
average age of 8 years, Webb et al reported that the mean N170L for upright faces was estimated to be 0.018 ms faster
and the P1 latency for upright faces was estimated to be 0.0056 ms faster for one day after six months of follow-up.”” In
2006, Webb conducted another study on a group of 3—4-year-olds and reported that N170’s precursor component, N290.
O’Connor K. et al reported that TD individuals in the adult group presented a shorter N170L than did those in the child
group.”! N170L clearly shortens with increasing age, but we do not know exactly the pattern of change in N170L.
Several studies have found different brain network connectivity in children, adolescents and adults, which could explain
the effect of age.’®>® These results all indicated that the effect of age must be emphasized in the analysis of N170L.
Although N170L in the adult group was faster than that in the child group, the difference in N170L was more obvious
between the ASD and TD groups in adults but not in children.?'>* There are several explanations for this result. As
a developmental disorder, ASD individuals lag farther behind TD individuals in adulthoods than in childhood, and the
child group received more treatments, resulting in a smaller difference.

Conclusion

Our results explored the electrophysiological basis of facial recognition and reported P1 and N170 can distinguish ASD
individuals from TD individuals. While N170A is more specific to categories such as faces, N170L is more suitable as an
objective marker of ASD. P1 latency and N170L may be correlated with the severity of social symptoms and affected by
age. Therefore, age- adjusted pl latency and N170L has great potential for clinical applications in ASD, such as
diagnosis and assessment.

However, no significant inverted effects of N170 were found in our results. Considering that the ASD group and the
TD group presented similar results, ASD individuals may have the ability to perform first-order processing, such as
holistic facial processing, in the same way as TD individuals. Of course, it is necessary to conduct multi- center and
large- sample studies and discuss the influence of sex ratio for further exploration. Moreover, considering that ASD is
closely related to genetics, exploring the correlation between N170 and genetic indicators may be very meaningful.
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