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Abstract
Individuals with autistic traits are those within the normal population who demonstrate social,
communication, and cognitive impairments but who do not meet the clinical threshold for autism
spectrum disorder (ASD). ASD is a pervasive neurodevelopmental disorder associated with de�cits in
high-level cognitive functions such as negative emotion processing and social cognitive processing, and
people with autistic traits also have these impairments. Few previous studies have explored negative
emotion processing in people with autistic traits using task-based functional magnetic resonance
imaging (fMRI). In this study, we focused on the behaviors of a large sample (N=104) of Chinese
individuals with different levels of autistic traits, who we tested using a popular questionnaire called the
autism spectrum quotient (AQ). We then applied task fMRI to determine negative emotion processing and
social cognition associated with differences in brain activation and functional connectivity. The results
mainly showed signi�cantly positive activation in the right middle temporal gyrus (MTG), and the right
hippocampus gyrus (HG) in multiple regression analysis. More importantly, mediation analysis showed
that the right MTG suppresses the relationship between AQ (total) score and negative emotional
processing, showing that a higher autistic trait score in individuals leads to a smaller difference between
the rating of negative images and the neutral images. Furthermore, generalized psychophysiological
interaction analyses (gPPI) analysis also suggested that the right MTG shows signi�cant functional
connectivity (FC) with the left parahippocampal gyrus (PHG), suggesting that individuals with autistic
traits have high level of spontaneous negative emotion. According to these �ndings, we assumed that the
MTG might have a speci�c effect on processing negative emotion in individuals with autistic traits
related to weaker to social emotion ability. The emotion perception mechanisms in the MTG region may
be affected by atypical negative emotion processing in other brain regions such as HG and PHG, during a
negative emotion processing task with socially emotion-relevant information in individuals with autistic
traits.

Background
Individuals with autistic traits can be found in the general population (S. Baron-Cohen et al. 2001; John N.
Constantino and Todd 2003; John N Constantino and Todd 2005), and have characteristics similar to
those of autism spectrum disorder (ASD) patients, such as de�cits in emotion processing and social
functioning, worse communication abilities, and repetitive behaviors (Wheelwright et al. 2010; Barrio
2017; A. P. Association 2013). These are ubiquitous traits that most people show at different levels
(Sucksmith et al. 2011). Currently, it is assumed that negative emotion processing and social cognitive
function di�culties in people with autistic traits might be due to alterations in brain activation and
functional connectivity (FC) between brain regions. Previous neuroimaging studies have concentrated on
measuring brain activity from various areas (Redcay and Courchesne 2005; Carper and Courchesne 2005;
Barros-Loscertales et al. 2011; Damarla et al. 2010; Hirata et al. 2018; Ikeda et al. 2018) by examining
voxel-wise or region of interest (ROI) functional connectivity (Gotts et al. 2012; Schipul et al. 2012; Mueller
et al. 2013; von dem Hagen et al. 2013; Alaerts et al. 2014; Tyszka et al. 2014; Zhu et al. 2014) and
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individual differences (Grootscholten et al. 2018; St Pourcain et al. 2018; Jansen et al. 2018; Sasamoto et
al. 2011), making it possible to investigate the underlying neural correlates of autistic spectrum disorder.
Few studies have used extremely negative images to study participants’ negative emotions in individuals
with autistic traits using specialized tasked fMRI.

ASD studies using functional and anatomical connectivity measures have reached a growing consensus
that negative emotion processing and social cognitive function impairments are linked to abnormalities
in speci�c brain areas in addition to genetics (Wass 2011; Vissers et al. 2012; Tyszka et al. 2014; Alaerts
et al. 2014; Mueller et al. 2013; Muskett et al. 2019; Kliemann et al. 2018; Ciaramidaro et al. 2018; New et
al. 2010). Some studies have found that ASD patients are sensitive to negative emotions (Kliemann et al.
2018; Ciaramidaro et al. 2018; Samson et al. 2015; Eack et al. 2015; Bird and Cook 2013), while other
studies have shown that ASD patients are more likely to ignore negative emotions (Deruelle et al. 2008;
Santos et al. 2012; Dawson et al. 2004; Katarzyna et al. 2010; Pierce et al. 2011). These differing views
on negative emotions may have resulted from their studies focusing on activation in different brain
areas. Paakki’s ASD study tested the difference between the ASD and control groups. The results showed
that compared to controls, the right superior temporal sulcus, inferior and middle frontal gyri had
signi�cantly decreased ReHo in the ASD group, and increased ReHo was discovered in the right thalamus,
left inferior frontal gyrus and anterior subcallosal gyrus (Paakki et al. 2010). Another study showed lower
activation in the superior parietal lobule and anterior prefrontal regions in the ASD group than in the TD
group, and larger effects in the ASD group were detected in the lateral and medial temporal regions
(Shukla et al. 2010). Maximo found overconnectivity in the ASD group in occipital and posterior temporal
regions and underconnectivity in middle cingulate, posterior cingulate, and medial prefrontal regions
(Maximo et al. 2013). Additionally, increased atypical functional connectivity was found in adolescents
with ASD in bilateral temporo-occipital regions, and posterior overconnectivity was found to be
associated with higher ASD symptom severity (Keown et al. 2013). Another facial expression fMRI task
revealed that in the ASD group, connectivity in the middle temporal gyrus, amygdala, medial prefrontal
gyrus, and inferior frontal gyrus was reduced (Sato et al. 2012). In summary, all of the abovementioned
ASD studies identi�ed speci�c brain areas involved in atypical social cognitive and emotion recognition,
but their results were broad and contradictory. In this study, we wanted to �nd which brain area plays a
pivotal role in negative emotion in individuals with autistic traits using functional and anatomical
connectivity measures and examine this biomarker from a relative perspective.

Previous studies have investigated negative emotions in individuals with ASD or autistic traits in different
task-based fMRI paradigms (Monk 2010; Koshino et al. 2008; Kliemann et al. 2018; Ikeda et al. 2018).
Task fMRI has been widely used in studies of neural basis of perception, cognition, and emotion studies
(Hirata et al. 2018; Ciaramidaro et al. 2018; Sebastian 2015). Previous studies have traditionally focused
on task-related fMRI to show increased neural connectivity, for instance, higher activity was found in an
experimental state than in a baseline state (Van Eylen et al. 2018); this task fMRI study revealed
individuals with autistic traits who were in the brain shifting mode and who demonstrated some task
failure or poor performance related to speci�c cognitive function de�cits. In Deruelle’s emotion picture
recognition study, negative emotion did not enhance recall skills in adults with ASD, which points to a
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reduced in�uence of emotion on memory process in ASD than in typically developing individuals
(Deruelle et al. 2008; Kliemann et al. 2018). Hirata’s social and nonsocial tasks study revealed
signi�cantly reduced brain activation in frontotemporal areas during both tasks in patients with ASD
compared to healthy subjects (Hirata et al. 2018). Another task-based fMRI study using inhibitory tasks
with eye gaze in ASD patients revealed that prefrontal areas may be affected by atypical gaze processing
of socially relevant information in ASD (Ikeda et al. 2018). In a facial expression task fMRI study that
found increased inferior frontal gyrus activity with age in subjects with autism compared to that in
control subjects, the age-related increase in activity was associated with changes in gaze behavior and
improvements in social functioningBastiaansen et al. 2011). The activation of the fusiform gyrus and
amygdala was strongly positively correlated with time spent �xating on the eyes in the autistic and
typically developing groups (Dalton et al. 2005). Above all, these studies focused on simple or standard
faces and emotion types and generated negative feelings. In this study, we use extremely negative
images to arouse participants’ negative emotions to explore speci�c brain functions in individuals with
autistic traits.

In the present study, the autism spectrum quotient (AQ) was used to measure individual levels of autistic
traits, as well as to explore the neural basis of negative emotional processing in individuals with autistic
traits in general young adults through a negative emotion processing task. Furthermore, we explored what
key roles these atypical brain regions play in autistic traits and negative emotion processing. We
hypothesize that in individuals with autistic traits, due to a high level of negative emotion and a relative
insensitivity toward negative information compared to typically developing individuals, the middle
temporal gyrus (MTG), which is responsible for deducing social information, may dominate the leading
role in negative emotion processing within this group of people.

Methods

Participants
A total of 188 people were recruited for this study. Due to excessive head movements, 26 participants
were excluded (>2.5 mm translation and angular rotation in each axis). Thus, a total of 162 participants
participated in this study. Due to the nature of longitudinal data acquisition, these participants were
familiar with the fMRI environment and paid little attention to it. In addition, 104 subjects with task fMRI
results matched to the AQ (25 men, aged 18–25 years, mean = 21.26 years, standard deviation = 1.26)
participated in this research as part of our project investigating associations among genes, brain imaging
and mental health (Liu et al. 2017). All methods were in accordance with the Declaration of Helsinki
(W. M. Association 1991). All participants were right-handed, with no history of neurological or psychiatric
problems. All participants provided written informed consent and received payment for their time. The
study was approved by the Southwest University Brain Imaging Center Institutional Review Board.

Assessment of the AQ
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The AQ was used to measure autistic traits in individuals from the general population (S. Baron-Cohen et
al. 2001). The Chinese version of the AQ (Lau et al. 2013) was used in this study, and consists of the
Social Skill, Communication, Attention Switching, Imagination and Attention to Detail subscales, as
represented by �fty statements; participants responded to these statements on a 4-point Likert scale, with
“de�nitely agree” and “slightly agree” responses being scored one point and “slightly disagree” and
“de�nitely disagree” responses being scored one point in the reverse-scored options. In half of the
statements, the diagnostic answer is “agree”, and in the other half, it is “disagree”. One point is awarded
for each diagnostic answer, which results in a continuous distribution of scores in the population sample.
The total score ranges from 0 to 50 points, with higher scores suggesting a higher magnitude of autistic
traits. Currently available data from research on the properties of this scale indicate that the
measurement reliability for the total score is satisfactory (Austin 2005; Hoekstra et al. 2008; Ingersoll et
al. 2011; Hurst et al. 2007; Kloosterman et al. 2011). In the present study we focused on analyzing the
total AQ score.

Negative emotion processing task
In this study, a negative emotion processing task that has been used in many previous studies was
adapted from established paradigms (Klemanski et al. 2017; Gross 1998; Paschke et al. 2016; Buruck et
al. 2016). There were three conditions in this experiment, including ‘watch neutral’ (WatchNeu), ‘watch
negative’ (WatchNeg) and ‘decrease negative’ (RegulateNeg) conditions. In this study, we focused only on
the difference between WatchNeg and WatchNeu conditions and on the condition of WatchNeg-
WatchNeu, which was termed negative emotion in the present study. In the ‘WatchNeu’ and ‘WatchNeg”
conditions, participants were told to watch neutral inanimate pictures (e.g., a bowl, an umbrella, etc.) or
negative pictures (e.g., a bloody person in a car accident, a rotten corpse, etc.), which had all been viewed
in a practice session before the test in the scanner.

In each trial, participants were given instructions (2000 ms) to watch a picture passively (‘WatchNeu’ or
‘WatchNeg’) during its presentation (7000 ms). Then, participants were asked to rate their emotions on a
5-point Likert scale (from ’1’ ‘neutral’, to ’5’ ‘strongly negative’) when the next slide (4500 ms) was
presented. A �xation cross slide with a +” symbol (2000 ms) was used to separate each trial. The pictures
used in this experiment were obtained from the International Affective Picture System (IAPS) database
(Lang et al. 1997). The duration of the task was 11 min, 28 s. The instructions, the presentation of a
picture, a self-report rating and a �xation cross were included in each trial (see Fig. 1a).

MRI Data Acquisition and Preprocessing
All subjects underwent MRI scanning at the Brain Imaging Center of Southwest University. Whole-brain
imaging data were obtained with a 3.0-T Siemens Trio MRI scanner with a 12-channel whole-brain coil,
functional images including 32 continuous slices were obtained with a T2*‐weighted (Siemens Medical,
Erlangen, Germany). For each subject, 344 Blood Oxygen Level-Dependent (BOLD) images were acquired
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during the fMRI task with a gradient echo type echo planar imaging (EPI) sequence [echo time (TE) = 30
ms; repetition time (TR) = 2000 ms; �ip angle = 90 degrees; slice thickness = 3.0 mm; slices = 32;
resolution matrix = 64 * 64; voxel size = 3.4 *3.4 * 4 mm; �eld of view (FOV)  =  220 × 220 mm2; resolution
matrix = 96 × 96; thickness /inter slice gap = 3/1 mm; and sampling bandwidth  =  250 kHz].

Then, a magnetization‐prepared rapid gradient echo (MPRAGE) sequence was used to collected a high-
resolution anatomical image. This sequence was acquired with the following parameters: scan time  =  4
min 58 s; slices  =  176; slice thickness  =  1.0 mm; TE  =  2.52 ms; TR  =  1900 ms; TI  =  900 ms; sampling
bandwidth  =  31.2 kHz; �ip angle  =  9°; resolution matrix  =  256 × 256; voxel size  =  1×1×1 mm;
Preprocessing was performed by Data Processing Assistant for Resting-state fMRI (DPARSF;
http://rfmri.org/ DPARSF) (Yan and Zang 2010), which is a toolbox based on the SPM8 software package
(www.�l.ion.ucl.ac/spm). The functional data were realigned and unwrapped to correct head movement
artifacts based on �eld maps. Whole images underwent temporal processing and slice timing correction,
motion correction to reduce displacement between volumes, spatial normalization to the standard
Montreal Neurological Institute (MNI) space with a resampled voxel size of 3 x 3 x3 mm3 using the T1
scans as reference images, and spatial smoothing (6 mm full width half maximum, FWHM), band-pass
temporal �ltering (0.01–0.1Hz). To minimize the effects of head motion, subjects with > 10% displaced
frames, or maximal motion between volumes in each direction > 3 mm, and rotation about each axis > 3°.

Statistical Analysis

Task-based fMRI analyses
In the �rst-level analysis, the general linear model (GLM) was used to separately estimate the effects in
the two conditions (WatchNeu, WatchNeg), which were modeled by boxcar functions (picture = 7 s,
�xation = 2 s) convolved with a canonical hemodynamic response function (HRF). In addition, six head
motion parameters were taken as confounds. Then, we calculated ‘contrast images’ for each participant
for the negative feeling perception WatchNeg > WatchNeu and computed the whole-brain activity pattern
for this contrast, through which subject-speci�c effects were estimated by using the linear contrasts
obtained from the �rst-level analysis. All fMRI data analyses were implemented in SPM8 (Whit�eld-
Gabrieli and Nieto-Castanon 2012). Based on the abovementioned analysis, we then applied multiple
linear regression analysis at the second level to obtain clusterwise statistics and to explore speci�c brain
areas in which BOLD signal activity was associated with individuals with autistic traits, as tested by the
AQ, within SPM8. To remove potential confounds, we used age and gender as nuisance covariates. The
statistical threshold was set at P < 0.05, FWE (familywise error) corrected.

Mediation analysis

http://rfmri.org/
http://%28www.fil.ion.ucl.ac/spm)
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A mediation analysis was performed to test how activity in speci�c brain areas can play a pivotal role on
the relationship between the AQ score and the WatchNeg-WatchNeu (negative emotion) condition score.
We used PROCESS 3.3 (Hayes 2012) to conduct mediation analyses, and age and gender parameters
were incorporated as covariates of no interest. The indirect mediation effect was estimated using
bootstrapped sampling. We drew 5,000 bootstrapped samples, and a bias-corrected 95% bootstrap
con�dence interval that did not include zero indicated a signi�cant indirect effect through the mediator
(Preacher and Hayes 2008).

Generalized psychophysiological interaction analyses (gPPI analyses)
To further test the importance of the MTG in negative emotions in individuals with autistic traits, in the
present study, we applied gPPI analyses with the CONN toolbox using preprocessed data (Whit�eld-
Gabrieli and Nieto-Castanon 2012). In the �rst-level analysis, the seeds of the BOLD time course were
extracted from each participant and condition, and then, a seed-to-voxel beta map was calculated, and
the interaction between the seed region BOLD time series and the WatchNeg > WatchNeu contrast
condition was computed. We used a seed-to-voxel approach to conduct gPPI analyses on the WatchNeg >
WatchNeu condition. A familywise error (FWE)-corrected p < 0.05 at the cluster level and an uncorrected p
< 0.001 at the voxel level were adopted in this study. Cerebrospinal �uid (CSF), white matter, ART-based
scrubbing, and 6 rigid-body parameters were regressed out of whole-brain gray matter activity. To reduce
the effect of low-frequency drift and high-frequency noise, bandpass �ltering (0.01 < f < 0.1 Hz) was used.
The peak activation in the right MTG (MNI: 48, –18, –18) was used as the seed from the multiple linear
regression results that were activated in the WatchNeg > WatchNeu contrast. We included age and sex as
covariates in the multiple regression analysis.

Results
Descriptive statistics

The demographic data and behavioral results are shown in Tab. 1. The mean AQ score of the current
sample was 19.78, and the standard deviation was 5.29.

 

Tab. 1

 

Negative emotion processing task performance

We calculated the mean values of the negative feelings ratings in WatchNeg and WatchNeu conditions.
The results of a pared-samples t-test showed that the ratings of negative feelings were signi�cantly
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higher in the WatchNeg condition (M±SD =3.35±0.70) than in the WatchNeu condition (M±SD
=1.22±0.38, t=32.62, p < 0.001) (Fig. 1b)

 

Fig. 1a, 1b

 

Brain activation between WatchNeg-WatchNeu condition and AQ (total) score

Activation during WatchNeg-WatchNeu condition showed increased activation in the right middle
temporal gyrus (MTG) (peak MNI coordinate=48, -18, -18, T = 5.12, cluster size: 33; p < 0.05, FWE-
corrected), and hippocampal gyrus (HG) (peak MNI coordinate=21, -12, -18, T = 3.76, cluster size: 11; p <
0.001 uncorrected). Extracted beta values from these two brain areas were used for Pearson correlation
analysis with the AQ (total) score. The results showed that the AQ (total) score was positively associated
with activation in the right MTG (r = 0.438, p < 0.0001) and right HG (r = 0.362, p < 0.0001), as shown in
Fig.2.

 

Fig.2.

 

Mediation results

The mediation analysis found that the right MTG suppressed the relationship between the AQ (total)
score and negative emotion. In the present study, the AQ (total) score was signi�cantly positively
associated with the right MTG (r = .4406, p < .0001). The right MTG was signi�cantly positively related to
the negative emotion score (r = .2176, p < 0.05). The negative emotion score was negatively related to the
AQ (total) score (r = -.1150, p = .2564, nonsigni�cant). If c' had the opposite sign to that of ab, referred to
by (MacKinnon et al. 2007) as inconsistent mediation, the absolute value of ab\c’ would be 0.84. Then,
we used bootstrap resampling to test the signi�cance of the indirect effect between the AQ (total) and
negative emotion. A suppressing effect was found between the AQ and negative emotion, CI [0.0006,
0.0231, respectively], through the activation of the right MTG, see Fig. 3.

 

Fig. 3

 

Increased brain FC correlated with AQ
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To examine the functional connectivity between the AQ and negative emotion processing, we
implemented gPPI analyses with the right MTG as the seed from multiple linear regression results in the
contrast of WatchNeg-WatchNeu. After controlling for the effects of age and sex, multiple regression
analysis revealed that the AQ (total) score was related to higher functional connectivity between the right
MTG and left parahippocampal gyrus (PHG) (peak MNI coordinate = -30, -18, -30, T = 4.46, cluster size =
66, p-uncorrected < 0.001).

Discussion
In the present study, we focused on the role MTG plays in negative emotion processing in individuals with
autistic traits using a task-based fMRI paradigm examining emotion regulation in a large sample
con�rmed by AQ. We focused on WatchNeg and WatchNeu conditions because of our research theme.
The results show that the mean values of the negative feelings ratings differences in the WatchNeg and
WatchNeu conditions were signi�cant. When individuals with autistic traits watch negative events, the
right MTG is signi�cantly activated relative to its activation when individuals watch neural events. More
importantly, the mediation analysis showed that the right MTG fully mediates the association between
the AQ (total) score and negative emotional processing, especially between the communication subscale
of AQ and negative emotional processing, suggesting that people with autistic traits might demonstrate
altered negative emotion processing through the right MTG. Furthermore, gPPI analysis also suggested
that the right MTG is signi�cantly functionally connected (FC) with the left parahippocampus gyrus
(PHG). Taken together, we concluded that the right MTG plays a pivotal role in the processing of negative
emotions in individuals with autistic traits.

First, the MTG is responsible for various social and communicative functions (Avidan et al. 2014; Cohen
Kadosh and Johnson 2007; Deeley et al. 2007; Pelphrey et al. 2004; Sugiura et al. 2014; von dem Hagen
et al. 2014; Kitada et al. 2010; Plaut and Behrmann 2013; Schilbach 2015). In a face perception study,
individuals with congenital prosopagnosiashowed reduced activation and connectivity in the anterior
temporal cortexAvidan et al. 2014). Another study claimed both word and face recognition rely on �ne-
gained visual representations, by virtue of pressure to couple visual and language areas and keep to
connection length short (Plaut and Behrmann 2013). Cohen also claims that face processing in the adult
brain involves the fusiform gyrus, superior temporal sulcus and occipito-temporal cortex (Cohen Kadosh
and Johnson 2007). In studies on identi�cation of facial expression in emotion, standard facial
expressions such as disgust, neutrallty, and happiness are related to MTG, IPL, and IFG et al, in this study,
these areas are activated by haptic rather than visual identi�cation (Kitada et al. 2010). In the detection
and processing of social cues, the right posterior superior temporal gyrus thought to be involved in
analyzing the intentions of other people’s actions, and activity in this region is sensitive to the context of
the observed biological motions (Pelphrey et al. 2004). In another social signal study, participant variation
in neural responses in the right posterior MTG during implicit eye-gaze detection suggesed the individual’s
tendency to recruit regions related to mental-state inference during the implicit mental inference (IMI)
task, which suggests that the implicit detection of visual social signals involves the pMTG and underlies
the development of higher social cognition (Sugiura et al. 2014). All of these studies involved the MTG
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either due to clinical patients with obvious de�cits or other experimental conditions, such as haptic
identi�cation or mentalism. In the present study, when negative emotions were aroused in people with
autistic traits by watching negative images, the right MTG was activated. This phenomenon occurred
because individuals with autistic traits may have de�cits in avoiding negative situations, and they are
tend to deduce what happened to the people or the object in the image rather than react to image itself.

Second, we also found that the right MTG has a suppressing effect on the relationship between the AQ
(total) score and negative emotion. Emotion-processing di�culties appear to be a hallmark feature of
ASD, and most studies on autism have come to the consensus that individuals with autistic traits have
general de�cits in processing negative emotion modalities and affective stimuli originating (Ciaramidaro
et al. 2018; Deruelle et al. 2008; Klemanski et al. 2017; Santos et al. 2012). In Ciaramidaro’s study, ASD
patient impairments seem to be more pronounced during implicit rather than explicit negative facial
affect recognition (Ciaramidaro et al. 2018). In addition to negative emotions, social anxiety and
depression are also common mental health problems among young adults, in addition, repetitive negative
thinking may lead to anxiety and mood disorders in young adults (Klemanski et al. 2017). In Santos’s
study, the ASD group failed to show a bias toward threat-related scenes, which means ASD patients were
unaffected by threat scenes (Santos et al. 2012). Another study also claimed a reduced in�uence of
emotion in ASD than in typical developing individuals (Deruelle et al. 2008). The above mentioned studies
indicate that individuals with autistic traits whose level of negative emotion was lower than that of
normal people, which con�rming our hypothesis that the higher AQ score is, the stronger the activation of
the MTG, and the smaller distinction between WatchNeg and WatchNeu conditions. That is, when people
with autistic traits perform negative emotion processing tasks, they prefer to deduce “what happened”
rather than “what is” in the picture scene, and thus the impact of the negative images on them is reduced
to some extent.

Third, gPPI analysis showed that the right MTG has a increased FC with the left PHG rather than the
amygdala. The brain functions of the PHG are responsible for unconscious relational encoding (Duss et
al. 2014; Tanweer et al. 2010). The FC between the MTG and PHG suggested that individuals with autistic
traits process negative emotion unconsciously when performing a negative eomtion processing fMRI
task. In previous studies, it has been thoroughly shown that ASD patients have an amygdala dysfunction
(Ashwin et al. 2007; S. Baron-Cohen,. et al. 2000; Guo et al. 2016; Johns et al. 2019; Van Reekum et al.
2007). In Ashwin’s study, higher activation was observed in the left amygdala and orbito-frontal cortex in
control subjects, while the ASD group showed higher activation in the anterior cingulate and superior
temporal gyrus (Ashwin et al. 2007). Reekum’s study also showed relative to neutral information faster
judgments of negative were associated with increased left and right anygdala activation (Van Reekum et
al. 2007). Another study demonstrated that the amygdala is one of several brain regions that is abnormal
in autism (S. Baron-Cohen,. et al. 2000). Guo’s study also supported that adolescents with autism showed
decreased FC between the amygdala and subcortical regions (Guo et al. 2016). Meanwhile, increased
social impairment was found in preterm-born adolescents compared to their term-born peers, and
amygdala connectivity was altered in those prematurely-born, markers of social functioning were
correlated with altered amygdala-PCC connectivity (Johns et al. 2019). In our study, individuals with
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autistic traits showed FC between the right MTG and the left PHG rather than the amygdala, which is
consistent with the results of previous studiest. Individuals with high a high AQ score who eaperience an
atypical level of negative emotion and who are unsensitive to nagetive information (Ciaramidaro et al.
2018), deduced of negative information rather than evaluated (Pelphrey et al. 2004; Sugiura et al. 2014),
tending to encode negative information unconsciously (Duss et al. 2014). The gPPI analysis further
demonstrated the right MTG is a biomarker in individuals with autistic traits people coping encounter
negative information.

Limilations
The current study investigate individuals with autistic traits which area of the brain play a pivotal role in
processing negative emtion fMRI task. In paiticular, our autistic traits sample are all university students,
which meas thay all passed the strict exaination and got a well score, thay all showing above-average
intellence and no language de�cits, there may have a bias in the sample compared to sub-average. In our
sample there is no differences between the gender, in the future study, we will broden the sample size and
take the gender into account. Liskewise, in the present study, we select two of three conditions as our
focused theme, we want to ues a more speci�c task to explore negative emotion in individuals with
autistic traits in the future study.

Conclusion
In conclusion, the present study used a negative emotion processing task fMRI experiment to explore
which brain areas play a pivotal role in negative emotion in individuals with autistic traits. The results
showed that the right MTG is an important brain region in people with autistic traits. We also provide
potential evidence that negative and neutral emotions are processed more similarly in people with high
levels of autistic traits than in typically developing people because of the altered development of the
MTG. Furthermore, we provide insight into the task fMRI study speci�city of autistic traits in a large
sample. Moreover, our study provides a wider discussion about autism brain activation and functional
connectivity patterns and the use the MTG as a biomarker in individuals with autistic traits.
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Table
Table1. A summary of the demographic information in the present study

  N = 104
Measure Mean SD range
Age 21.26 1.26 18-25
AQ(total) 19.78 5.29 9-31
Social skill 3.85 2.36 0-9
Attention switching 5.31 1.82 1-10
Attention to detail 4.60 2.05 1-10
Communication 3.16 1.91 0-8
Imagination 2.87 1.56 0-6

Notes: AQ = Autism Spectrum Quotient; SD = standard deviation; N = number


