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Purpose: In clinical settings, diagnosing comorbid depression in individuals with autism
spectrum disorder (ASD) is often difficult. Neuroimaging studies have reported reduced
activation of frontal and temporal regions during emotional face recognition task (EFRT) in
ASD and depression. However, to the best of our knowledge, no study has examined
differences in frontotemporal activation during EFRT between ASD with and without
comorbid depression. We aimed to compare the frontotemporal hemodynamic responses to
the EFRT in ASD with and without depression and to find clues to help in discriminating the
characteristics between them.

Patients and Methods: In 24 drug-naive young adults with ASD (12 with depression
[ASD-Dep(+)] and 12 without depression [ASD-Dep(-)]) and 12 with typical development
(TD), frontotemporal hemodynamic responses during an EFRT were measured using func-
tional near-infrared spectroscopy (fNIRS).

Results: The ASD groups showed reduced activation during EFRT than the TD group in the
right ventrolateral prefrontal cortex (VLPFC). Moreover, the ASD-Dep(+) group showed
reduced activation during EFRT than the ASD-Dep(-) group in the right anterior temporal
cortex (aTC), and reduced activation than the TD group in the left VLPFC.

Conclusion: The observed results might reflect reduced regional activation in ASD and
ASD with comorbid depression.

Keywords: autism spectrum disorder, depression comorbidity, functional near-infrared
spectroscopy, emotional face recognition, social cognition, frontotemporal activation

Introduction

University or graduate school students often visit the counselling room for mala-
daptation to campus life. Several of them have trouble in interpersonal relations
with their instructors, peers, and parents due to their autism spectrum disorder
(ASD)-related characteristics. ASD is defined as a neurodevelopmental disorder
with deficits in social communication and interaction, along with restricted and
repetitive patterns of behavior.! Some of the students with ASD have typical
depression-associated symptoms such as depressed mood, diminished interest,
reduced ability to think or concentrate, feelings of worthlessness, and restricted
physical movements. Depression is common among individuals with ASD; social
functioning and depression were suggested to be closely intertwined in ASD.?
A recent meta-analysis reported increased depression rates in ASD to be associated
with increase in age (of the total sample, participants younger than 18 years were
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<10%) and average-to-above average 1Q.> Therefore, uni-
versity and graduate school students may be a particularly
vulnerable population for ASD with comorbid depression.

In clinical settings, screening and assessment of
depression in ASD individuals is often difficult due to
the validity issues with self-report, poor insight (com-
monly seen in ASD), and overlapping symptoms of ASD
and depression such as constricted affect and social
withdrawal.* In addition, alexithymia and deficits in emo-
tion regulation are commonly seen in individuals with
ASD and in those with mood disorders including
depression.” These overlapping symptoms may hinder the
clinician’s pertinent diagnosis of depression in ASD
patients.4 Furthermore, because of inability to recognize
and label emotions and social communication deficits, they
may find it difficult to identify and express their emotional
states, and this may lead to depressive symptoms being
overlooked by their families and clinicians.®

Although medication is not effective in reducing symp-
toms of ASD,* cognitive behavioral therapy (CBT) is
shown to be effective at reducing depression symptoms
associated with ASD.” Therefore, appropriate diagnosis of
depression in ASD is clinically important. Furthermore, to
improve the accuracy of diagnosis, better understanding of
the characteristics of ASD with depression, using an
objective indicator, may prove to be helpful.

Among neuroimaging tools, functional near-infrared
spectroscopy (fNIRS) is a non-invasive optical neuroima-
ging technique that measures changes in the concentrations
of oxygenated [oxy-Hb] and deoxygenated [deoxy-Hb]
hemoglobin that reflect regional cerebral blood volume
and brain activation.® Previous fNIRS studies examining
frontotemporal activation during non-social cognition task
and verbal fluency task had reported that adult patients with

19 showed reduced

ASD’ and late-onset major depression
activation in the bilateral prefrontal cortex compared with
healthy controls. In addition, another fNIRS study reported
that severity of depression was associated with the integral
value of blood flow in the frontal lobe, irrespective of
psychiatric diagnosis."' Furthermore, other functional MRI
(fMRI) and fNIRS studies using the emotional face recog-
nition task (EFRT) as a social cognition task to activate
regional brain function reported that adolescents with major
depressive disorder showed lower activation in right insula,
superior/middle temporal gyrus, and Heschl’s gyrus when
viewing fearful faces compared with healthy controls,'? and
that ASD individuals showed reduced activation in the left
prefrontal those with

region compared to typical

development (TD) during facial expression matching task
depicting fear or anger.'> Emotion recognition is the ability
to identify emotional facial expressions; it is one of the
essential components for social cognition,'* and deficits in
emotion recognition were suggested to be an important
feature for understanding ASD.'> Thus, we have used an
emotional face recognition task for measuring frontotem-
poral brain function in ASD in this study. To our knowl-
edge, there has been no study that compared brain activity
during social cognition tasks among ASD with and without
comorbid depression, and TD individuals. The aim of this
study was to examine the differences in brain function
between ASD young adults with and without comorbid
depression and TD, in response to a social cognition task
using fNIRS, and to identify specific and distinguishing
characteristics of ASD with or without depression that
may possibly be utilized as a diagnostic aid. Based on
evidences from fMRI and fNIRS studies in ASD and
depression, we hypothesized that young adults having
ASD with and without depression would show reduced
prefrontal brain activation during the social cognition task
compared to young adults with TD. Additionally, we also
hypothesized that there would be a difference in temporal
activation during social cognition tasks between ASD with
and without comorbid depression.

Materials and Methods

Participants

Twenty-four young adults with ASD (12 having ASD and
comorbid depression [ASD-Dep(+)] and 12 having ASD
without depression [ASD-Dep(-)]) and 12 young adults
with TD were included. Participants in the ASD-Dep(+)
and ASD-Dep(-) groups were diagnosed according to the
Diagnostic and Statistical Manual of Mental Disorders, 5th
Ed.! Autism Diagnostic Observation Schedule Second
Edition,'® and Autism Diagnostic Interview-Revised.!” In
addition, to confirm if there was a current major depressive
episode and to screen for current and past comorbid psy-
chiatric disorders, the Mini International Neuropsychiatric
Interview'® was performed. They had been recruited from
among university or graduate school students who visited
the mental health counseling room at Chiba University for
consultation. The TD subjects were also recruited from
among Chiba University students. The three groups, ASD-
Dep(+), ASD-Dep(-), and TD, were matched for gender,
age, years of education, and intelligence quotient (IQ)
measured using the Wechsler Adult Intelligence Scale
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Table 1 Demographic and Clinical Characteristics of the Subjects

ASD-Dep(+) ASD-Dep(-) TD p-value® Tukey’s Post Hoc Analysis
n=12 n=12 n=12

Age (years) 22.17 (2.25) 22.67 (1.56) 21.83 (0.94) 0.477

Gender (male/female) Male 8/female 4 Male 9/female 3 Male 9/female 3 0.871°

Education (years) 16.00 (2.04) 16.17 (1.75) 15.50 (0.67) 0.575

IQ 119.92 (12.01) 118.17 (8.96) 112.92 (8.94) 0.223

AQ- 36.75 (3.41) 34.42 (5.62) - 0.232°

BDI-II 28.92 (9.73) 14.58 (5.85) - <0.001°¢

Mean reaction time (ms) 1060.17 (279.78) 1050.17 (177.17) 834.75 (218.12) 0.035 ASD-Dep(+) = ASD-Dep(-) = TD
Accuracy (%) 96.40 (5.56) 96.88 (7.77) 99.48 (1.80) 0.362

Notes: Data are shown as means (SD). *One-way analysis of variance, ®Chi-square test. Chi square value = 0.277, “Student’s t-test.
Abbreviations: ASD, Autism spectrum disorder; ASD-Dep(+), ASD with comorbid depression; ASD-Dep(-), ASD without depression; TD, typically developed controls;
1Q, intelligence quotient; AQ-J, autism quotient Japanese version; BID-Il, Beck depression inventory scale 2nd edition.

3rd Edition'? (Table 1). The exclusion criteria were left-
handedness, IQ 100 or lower, history of major physical
illness and/or head injury, neurological disorder, substance
use, and alcohol abuse. None of the participants were
under psychotropic medication. Subjective depression
severity was assessed by Beck Depression Inventory
Scale 2nd edition (BDI-II),”® and ASD characteristics
were evaluated by the Autistic-Spectrum Quotient
Japanese version (AQ-J).>' The BDI-II is a self-rating
questionnaire that can measure the presence and severity
of depression in adults and young adults. It includes 21
questions that assess the somatic, cognitive, and affective
symptoms of depression. The question items are scored on
four-point scales (the range of the score is 0 to 3) with
a maximum total score of 63 (higher scores means severer
depressive symptoms).”® The AQ-J is a self-rating ques-
tionnaire that can measure the degree to which an adult
with normal intelligence has traits related to the autistic
spectrum.?’ The AQ-J includes 50 questions, and each of
the question items is scored 1 point when the respondent
records the abnormal or autistic-like behavior with
a maximum total score of 50.%'

This study was conducted in accordance with the
Declaration of Helsinki. Participants were explained the
content of this study with oral and written information, and
written informed consent was obtained before participa-
tion. This study was approved by the Research Ethics
Committee of Chiba University on the 27th of
December, 2017 (approval number: 29-03).

Emotional Face Recognition Task (EFRT)
An EFRT that was developed to evaluate participants’ face
perception and their recognition of facial emotions, was

used for the fNIRS measurement. The participants were
instructed to judge whether the emotion on the face in the
presented picture was anger or fear and to respond by
pressing a button on a dedicated controller with the
thumb of their preferred hand as fast as possible when
a particular picture appeared. The baseline task was
a gender-matching task (GMT) that involved judging the
gender of the presented face and responding by pressing
a button, similar to the EFRT. As the GMT was used to
cancel sensorimotor artefacts due to finger and body
movements from the fNIRS signal change during the
EFRT, it was not included in statistical analyses. We

22.23 that have utilized emo-

referred to previous studies
tional face recognition tasks. These studies required the
participants to choose one of the two emotion-depicting
faces in the lower panel to match the target face picture in
the upper panel. Therefore, this process required the parti-
cipants to not only recognize facial emotions but also to
match that emotion to that on another face. Consequently,
we tried to make the task simpler and evaluated only the
ability of emotional face recognition of the participants
and then examined its effects in this study. We used
pictures of the facial emotions of “anger” and “fear”,
since negative emotions such as anger and fear minimize
heterogeneity due to valence®* and show more robust brain
activation compared to positive emotions in patients with
neurodevelopmental disorders.”> Since gender matching
tasks did not require emotional recognition as a response
to the task, we set gender matching tasks as neutral control
tasks. We hypothesized that when the participants per-
formed this neutral control task, their emotional recogni-
tion ability will not be brought into play. We set the
frequency of face stimuli presentation at 2 s, with a 1
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Figure | Designs of the emotional face recognition and gender-matching tasks used in fNIRS measurements.
Notes: Participants were required to respond whether the presented face pictures were male or female in the gender-matching task (GMT), and angry or fearful in the

emotional face recognition task (EFRT) by pushing the button on the controller.

s inter-stimulus interval. There were 16 trials using one
block with a total of three blocks, and the GMT were
performed before and after the EFRT as a reference
(Figure 1). The total duration of one block was 50 s for
the EFRT along with two GMTs (Figure 1). Behavioral
performance was assessed by the accuracy (%) and mean
reaction time (ms) for the EFRT (Table 1). The face
pictures used were selected from Japanese and Caucasian
facial expressions of emotion and neutral faces.”® The
tasks were administered using Presentation software
(https://www.neurobs.com/).

NIRS Measurements

A 52-channel NIRS machine (ETG-4000, Hitachi Medical
Corporation, Tokyo, Japan) was used. Based on the mod-
ified Beer—Lambert law,”’ the relative changes in [oxy-Hb]
and [deoxy-Hb] were measured using two infrared light
wavelengths (695 and 830 nm). The distance between
emitter and detector probes was set at 3.0 cm. Channels
for fNIRS measurement were defined as each measuring
area between pairs of emitter and detector probes. The
surface of the cerebral cortex can be measured approxi-
mately using fNIRS.>® The probes were placed on the
participants’ frontotemporal area, and the lowest probes
were placed along the T4-Fpz-T3 line based on the
International 10/20 system. According to the anatomical
10/20
system,” this arrangement can measure hemoglobin levels
in the bilateral dorsolateral prefrontal cortex (DLPFC), ven-
trolateral prefrontal cortex (VLPFC), frontopolar cortex,

craniocerebral correction via the International

and the anterior part of the superior and middle temporal
cortices (aTC). The correspondence between fNIRS chan-
nels and measurement points in the cerebral cortex was
presented according to the virtual registration method.*
The time resolution of the NIRS signal was 0.1 s. We
used a moving average window of 5 s for the analyses to
remove any short-term motion artifacts. Moreover, we

applied an automated method for rejecting artifacts,
focused on three types of noise (high frequency, low
frequency, and no signal) and body movement.'

We used the EFRT as an activation task and the GMT
before and after EFRT for baseline control in this study. To
examine task-related activation, linear trend fitting was
performed for the data obtained between the two baseline
phases (ie, pre- and post-EFRT). The pre- and post-EFRT
baselines were defined as the mean values of the 10-s
period immediately prior to the EFRT and at the end of
the 10-s period in the GMT following the EFRT.

Statistical Analysis

Statistical analyses were performed using PASW Statistics
(version 27.0; SPSS Japan Inc., Tokyo, Japan). First, we
compared the three groups, ASD-Dep(+), ASD-Dep(-),
and TD, to confirm that there were no significant differ-
ences in age, years of education, and IQ using one-way
analyses of variance (ANOVAs), and gender using a chi-
square test. In addition, differences in AQ-J and BDI-II
scores between ASD-Dep(+) and ASD-Dep(-) were eval-
uated using Student’s s-test. Further, to analyze the beha-
vioral performance in EFRT, we compared the mean
reaction time and accuracy of the response of the three
groups using one-way ANOVA, and post-hoc Tukey’s tests
(p < 0.05) were performed if there were significant differ-
ences in mean reaction time or accuracy. We also tested
the correlation between clinical variables such as 1Q, AQ-
J, and BDI-II scores and performance parameters using
Spearman’s rank-order correlation, if there was
a significant difference between the ASD groups and TD
group. For the fNIRS data, we calculated the mean
changes in [oxy-Hb] and [deoxy-Hb] during the EFRT
(50 s) in each channel for every participant. We used the
inferior 31 channels among the 52 channels for statistical
fNIRS

and focused on increases in [oxy-Hb] because

analysis following the methods of previous

studies®' 3
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of its superior signal-to-noise ratio.** Moreover, we com-
pared the mean [oxy-HDb] changes in the three groups
using a one-way ANOVA to analyze differences in fron-
totemporal function. Mean [oxy-Hb] data were used as the
dependent variable, and diagnosis was used as the inde-
pendent variable. For [oxy-Hb] data, the NIRS signal was
expressed as the product of oxy-hemoglobin concentration
change and optical path length. The unit of measurement is
mM-mm. Since the optical path length in a participant’s
brain region cannot be measured, we could not compare
channels directly to assess the possibility that the optical
path length varies at an individual level. Therefore, we
performed 31 one-way ANOVAs for each channel, and the
false discovery rate (FDR) approach was adopted to deter-
mine the significance level and prevent an increase in
alpha error due to the use of multiple comparisons.>> Post-
hoc Tukey’s tests (p < 0.05) were performed if significant
variables were present. We calculated Spearman’s rank
correlation coefficients to examine the relationship
between [oxy-Hb] changes during the EFRT and demo-
graphic or clinical variables, when significant [oxy-Hb]
differences in the channels were found between the ASD
and TD groups. Statistical significance was set at P < 0.05.

Ch22 Ch23 Ch24 Ch25 Ch26

~ AR ST

Ch32 Ch33 Ch34 Ch35 Ch36

Results

Demographic and Clinical Characteristics
The demographic and clinical characteristics of the partici-
pants are shown in Table 1. There were no significant differ-
ences between ASD-Dep(+), ASD-Dep(-), and TD groups in
age, gender, years of education, and IQ (Table 1). On com-
paring the ASD groups, student’s ¢-test showed that the BDI-
II score of ASD-Dep(+) group was significantly higher than
that of ASD-Dep(-) group, although no group difference was
observed in the AQ-J score (Table 1).

Behavioral Performance in EFRT

There was a significant group difference in mean reaction
time for EFRT (F, 33 =3.713, p = 0.035). In the post-hoc
analysis, there was no significant difference between the
ASD groups and TD group (Table 1). For the accuracy of
the response in EFRT, there was no significant difference
across the three groups (F, 33 =1.049, p = 0.362) (Table 1).

Hemodynamic Response During the EFRT
The grand-mean [oxy-Hb] waveforms during EFRT in
each group are shown in Figure 2. One-way ANOVA
revealed significant differences between the ASD groups

Ch27 Ch28 Ch29 Ch30 Ch31
Ch37 Ch38 Ch39 Ch40 Ch41 Ch42

Fof e o A o e e e e

Cch43 Cha4 Cch4s Ch46 Cha7
E 0.5 ~
z — ASD-Dep(+) (N = 12)
[0}
o

0 .

s — ASD-Dep(-) (N = 12) Right| *% o,
2 35
Q
2 — TD(N=12) A~
X -0.5 tn

EFRT 50sec

Ch48 Ch49 Ch50 Ch51

URERRPRRPNSN

ASD+Dep(+) < TD

Ch52

Left ASD-Dep(-) < TD

ASD-Dep(+) < ASD-Dep(-)

Figure 2 The grand-averaged waveforms of oxygenated hemoglobin concentration ([oxy-Hb]) changes.

Notes: The images in the upper part of the figure show the grand-averaged waveforms of [oxy-Hb] changes during the emotional face recognition task (EFRT) in autism
spectrum disorder (ASD) with comorbid depression (red), ASD without depression (blue), and typical development (TD) (black) participants. In the brain mapping images in
the lower part of the figure, colored circles indicate the significant channels in one-way ANOVA (false discovery rate-corrected p < 0.05). In addition, the results of multiple
comparisons are shown as follows: yellow circle, ASD with depression < TD; green circle, ASD without depression < TD; orange circle, ASD with depression < ASD
without depression.
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and TD group in seven channels (CHs 22, 24, 29, 32,
35, 50, and 51) located approximately in the bilateral
VLPFC and right aTC (FDR-corrected p < 0.05). In the
multiple comparisons of the seven significant channels,
the mean [oxy-Hb] changes in the ASD-Dep(+) group
were significantly smaller than those of the TD group in
all of the seven channels. The mean oxy-Hb changes in
ASD-Dep(-) group were significantly smaller than those
of the TD group in two channels (CHs 24 and 35).
Compared with TD group, reduced activation was
more commonly observed in CHs 24 and 35, which
are located approximately in the right VLPFC, in both
of the ASD-Dep(+) and ASD-Dep(-) groups. In direct
comparison between ASD-Dep(+) and ASD-Dep(-)
groups, the mean [oxy-Hb] changes in the ASD-Dep
(+) group were significantly smaller than those in ASD-
Dep(-) group in CHs 22 and 32, which is located
approximately in the right aTC.

Correlation Between NIRS Signals and

Demographic/Clinical Characteristics and
EFRT Performance in ASD

We found no significant correlations between demo-
graphic/clinical variables (ie, age, years of education, 1Q,
AQ-J, and BDI-II scores) or EFRT performance (mean
reaction time and accuracy of response) and mean [oxy-
Hb] changes during EFRT in participants with ASD in
CHs 24 and 35 or in participants with ASD-Dep(+) in
CHs 22, 29, 32, 50 and 51.

Discussion

We examined the emotional recognition characteristics in
ASD with and without depression using an emotional face
recognition task. However, there are various studies which
have examined emotion recognition in ASD and depres-
sion. For example, previous studies have examined the
emotional recognition in ASD participants by voice*® and

ges‘rures37

using video analysis and reported characteristics
in ASD that can help improve the accuracy of the diag-
nosis or assessment of ASD. Additionally, emotion recog-
nition deficits in major depression were found by matching

to a semantic label.*®

the emotional face stimuli
Nevertheless, to the best of our knowledge, this is the
first study comparing frontotemporal activity during
a social cognition task such as EFRT between young
adults with ASD-Dep(+) and ASD-Dep(-) using fNIRS.

Comparison of frontotemporal activation between the two

ASD groups and the TD group revealed that both ASD
groups exhibited reduced activation of right VLPFC dur-
ing a social cognition task. Specifically, among the two
ASD groups, the ASD-Dep(+) group showed reduced acti-
vation in the right aTC during the social cognition task
compared to the ASD-Dep(-) group, suggesting that there
might be some clues in the right aTC that points towards
specific characteristics of depression in ASD young adults.
In addition, the ASD-Dep(+) group showed reduced acti-
vation during the social cognition task in the left VLPFC
compared to the TD group, although the ASD-Dep(-)
group did not show significant difference compared to
the ASD-Dep(+) or TD groups. No association was
observed between age, years of education, IQ, or task
performance and the right VLPFC or aTC activation dur-
ing the EFRT in ASD individuals, showing that the effects
of these factors on the right VLPFC or aTC activity were
not significant. These findings indicate the involvement of
the right VLPFC in the social cognition deficits in ASD
and the left VLPFC in ASD with comorbid depression,
and that analyzing the right aTC might help distinguish
ASD young adults with comorbid depression from those
without the comorbidity.

Prefrontal Activity in Young Adults with
ASD

An fMRI study that examined brain function during the
EFRT reported reduced left inferior frontal activation in
ASD compared with TD.'? In addition, an fNIRS study
reported reduced brain activation in response to the EFRT
in left brain areas corresponding to the inferior and middle
frontal gyri and anterior superior and middle temporal gyri
demonstrating the association of these areas with difficul-
ties in social cognition skills in ASD.?* In this study, ASD
groups showed reduced activation during EFRT in the
right VLPFC compared to TD group, although the ASD-
Dep(+) group showed reduced activation in the left
VLPFC. The reason for the divergence of the present
study results from previous functional imaging studies
cannot be revealed solely from the study. However, the
background of the participants may have partially affected
the observed divergence. The participants were university
or graduate school students with relatively high 1Q and
education. Higher intelligence is associated with better
social cognition in ASD.?” Therefore, the ASD individuals
with relatively high intelligence and education without the
effect of comorbid depression in this study might have had
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better social cognition than the participants of previous
studies, and thereby, the effect of social cognition deficits
on the left VLPFC activation during the social cognition
tasks might not have reached statistical significance.
Moreover, the differences in the EFRT content might
also have affected the divergence in the results. We sim-
plified the EFRT content that was used in the previous
fNIRS studies®*?* to focus on the simple response to fear
or anger on the face depicted. A further study that reveals
the effects of intelligence on the left VLPFC activation
during social cognition tasks in ASD and the effects of
differences in the EFRT content is expected and would
answer for this divergence.

Considering another aspect of the participants, ASD-
Dep(+) and ASD-Dep(-) groups had difficulties in adapt-
ing to their campus or daily life due to ASD characteris-
tics, and had sought counseling for their problems in
relationships with instructors, peers, or parents. They
may experience social pain in their lives. Social pain refers
to a painful experience associated with damage to desired
social connections,*® and previous studies have demon-
strated that the right VLPFC is involved in the down-
regulation of social pain.*'*** The observed reduced
activation of right VLPFC during the social cognition
task might be related to deficits in the downregulation of
social pain and cause problems that make ASD young
adults require consultation in the university counseling
room. Furthermore, on the structure and function of the
right VLPFC, previous studies have reported reduced gray
matter volume in the IFG**** and reduced neural activity
in the temporo-parietal junction, right IFG, and left pre-
motor cortex during social tasks*® in ASD compared with
TD participants. Further studies with larger sample sizes,
including ASD subgroups with diverse backgrounds, are
expected to confirm the role of the right VLPFC in deli-
neating characteristics of ASD.

Right aTC Activity and ASD Young Adults

with Depression

The ASD-Dep(+) group showed a significantly reduced
activation during the EFRT in the right aTC compared
with the ASD-Dep(-) and TD groups. The superior and
middle temporal gyri are responsible for processing emo-
tional facial expressions.*® Alexithymia and emotion reg-
ulation deficits were suggested to be seen in individuals
with ASD and mood disorders.” Alexithymia is associated
with deficits in labelling emotional facial expressions

among clinical disorders,?” and the right temporal cortex
is involved in cognitive aspects of alexithymia.*®
A previous fMRI study found that adolescents with
major depressive disorder showed lower activation during
EFRT in right insula, superior/middle temporal gyrus, and
Heschl’s gyrus,'” while another fMRI study suggested that
ASD-related hypoactivation during the emotional-face
processing is found in the hypothalamus and not in the
aTC area.*’ In addition, as we described above, previous
fNIRS study reported that adult ASD individuals showed
reduced activation during EFRT compared with healthy
participants not in the right temporal area but the left
frontotemporal area.”” In the present study, no significant
difference was observed in the right aTC activation during
the EFRT on comparing ASD-Dep(-) and TD groups, and
this was consistent with the aforementioned studies. The
specific characteristics of the ASD-Dep(+) and ASD-Dep
(-) groups and the reason for the observed divergence in
the right aTC activation during the EFRT could not be
revealed solely from the findings of this study. However,
we speculate that the reduced aTC activation observed
during EFRT in the ASD-Dep(+) group might reflect the
reduced temporal activation associated with depression
rather than ASD. Moreover, since there was a significant
difference in the aTC activation during EFRT between
ASD-Dep(+) and ASD-Dep(-) groups, the activation in
the right aTC during the EFRT could be a clue to discri-
minate individuals with ASD with and without comorbid
depression. Further study on the differences between ASD
with and without comorbid depression focusing on aTC
function and its role in the neural systems might explain
the mechanism that brought about the observed reduction
in right aTC activation during EFRT in the ASD-Dep(+)
young adults.

Limitations

Several limitations should be considered in the interpreta-
tion of the observed results. First, fNIRS measures brain
activity only on the brain surface. Hence, we could not
measure activity in deep brain structures such as the limbic
system. Second, we could not examine the neural and
functional connectivity between prefrontal or temporal
and other brain regions. Further studies examining them
might reveal the mechanisms that led to the divergent
temporal activation between ASD-Dep(+) and ASD-Dep
(-) groups during social cognition tasks. Third, we did not
measure heart rates or electrocardiogram simultaneously
with fNIRS signals in this study. Therefore, changes in
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[oxy-Hb] and [deoxy-Hb] that were not due to functional
brain activity could not be controlled, and systemic or
physiological effects on the observed results could not be
excluded in this study. Further study that examines these
effects on [oxy-Hb] and [deoxy-Hb] in the same study
design would be necessary to confirm the validity of the
observed results. Fourth, we did not perform a structured
interview such as the Hamilton Rating Scale for
Depression in order to evaluate depression severity, but
used a self-rating questionnaire (ie BDI-II). Thus, it would
be necessary to consider the validity of the subjective data
in the interpretation for the observed correlations between
the right VLPFC activation and depression severity.
Further studies using objective assessment tools would
be required to confirm the validity of the present results.
Fifth, the participants consisted of only university or grad-
uate school students. Therefore, the findings cannot be
generalized to a broader population of ASD individuals
based on the current study. Sixth, the sample size was
small, and this may limit the demographical variability
and may affect the statistical results. Thus, further study,
replicated with a larger sample size is required to confirm
the validity of the present results. Finally, this study did
not examine typically developed individuals with depres-
sion. Including this group in the analysis would provide
additional findings to understand the characteristics of
ASD-Dep(+) group and may be considered in the future.

Conclusion

Using fNIRS, we found differences in frontotemporal hemo-
dynamic responses associated with social cognitive activation
between ASD with and without comorbid depression, and TD
groups. The right VLPFC showed reduced activation in both
the ASD groups (ie, ASD-Dep(+) and ASD-Dep(-) groups)
compared with TD group. Furthermore, reduced activation in
the right aTC might indicate comorbid depression in young
adults with ASD. To our knowledge, this is the first study to
compare regional brain activation during social cognition task
in young adults with ASD and those with comorbid depres-
sion. The reason for the observed reduced activation in the
right aTC during EFRT in ASD with the comorbid depression
group could not be explained solely by this study. However,
the observed findings in this study can give a clue to under-
standing the characteristics of ASD with depression.
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