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Background: Posttraumatic stress disorder (PTSD) can be a source of significant
social and daily distress in autism spectrum disorder (ASD). Compared to
typically developed (TD) individuals, people with ASD are at an increased risk of
adverse childhood experiences (ACEs), which can result in abnormal neuronal
development. However, whether or how ACEs influence abnormal neural
development and PTSD symptoms in ASD has not been fully elucidated.

Methods: Thirty-nine TD individuals and 41 individuals with ASD underwent T1-
weighted magnetic resonance imaging and neurite orientation dispersion and
density imaging (NODDI), with axonal and dendritic densities assessed in terms
of the orientation dispersion index and neurite density index (NDI), respectively.
Voxel-based analyses were performed to explore the brain regions associated
with PTSD symptoms, and the relationships between the severity of ACEs and
PTSD symptoms and NODDI parameters in the extracted brain regions were
examined.

Results: There was a significant positive association between PTSD symptom
severity and NDI in the bilateral supplementary motor area; right superior frontal,
left supramarginal, and right superior temporal gyrus; and right precuneus in the
ASD group, but not in the TD group. ACE severity was significantly associated with
NDI in the right superior frontal and left supramarginal gyrus and right precuneus
in the ASD group. Moreover, NDI in the right precuneus mainly predicted the
severity of PTSD symptoms in the ASD group, but not the TD group.

Conclusion: These results suggest that ACE-associated higher neurite density is
of clinical importance in the pathophysiology of PTSD symptoms in ASD.
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1. Introduction

Autism (ASD) is a common

characterized by poor

spectrum  disorder
neurodevelopmental disorder social
communication skills, difficulties related to flexible thinking and
behavior, and hyper- and hypo-sensitivity toward external sensory
stimuli (1). These characteristics often make it difficult to develop
personal relationships and act flexibly in daily situations related to
academic and social life; moreover, this inability to socially adapt
appropriately can cause increased stress and loss of confidence in
affected individuals, often subsequently evoking other mental health
problems (2-4). In fact, it is well known that mental health-related
comorbidities, such as depression, anxiety disorders, and substance
use disorders, often afflict individuals with ASD (5-7).

Posttraumatic stress disorder (PTSD) is characterized by repetitive
and unconquerable intrusive mental imagery; hyperarousal, including
overstressing; emotional instability; and difficulty in concentrating as
a result of experiencing severely traumatizing life events (1, 7).
Therefore, patients with PTSD tend to avoid stressful stimuli that they
correlate with these traumatic events. Individuals with ASD who
experience violence, bullying, and scolding often show intrusive
re-experiencing, overstressing, poor thinking, and concentration
when faced with stressful life events, similar to typical PTSD patients
(8-10). However, although such PTSD symptoms often contribute to
poor social functioning in individuals with ASD, there are no
systematic and effective treatments available.

Exposure to maltreatment, such as abuse and neglect from parents
and/or caregivers and bullying at school during childhood and
adolescence, has been shown to be involved in social and psychological
dysfunction (11, 12). These adverse childhood experiences (ACEs) are
considered as risk-factors for the incidence of mental illnesses such as
depression, anxiety disorder, and PTSD in adulthood (13-15). It is
possible that exposure to ACEs affects normal neurodevelopment
during childhood and adolescence, consequently forming the
pathological basis for mental illnesses in adulthood. This has also been
demonstrated by neuroimaging studies that examined the association
between exposure to ACEs and brain structure and function, as their
findings indicate that ACE-related neural network abnormalities can
be the pathological basis of mental illnesses, including PTSD, in
adulthood (16-19).
abnormalities associated with PTSD symptoms in ASD have not yet

However, gray matter microstructural
been fully elucidated. Regarding PTSD symptoms in individuals with
ASD, we recently reported the association between intrusive
re-experiencing and reduced gray matter volume in the precuneus
(20). Neuroimaging studies have also shown that the structural
abnormalities in PTSD involve reduced subcortical gray matter
volume and cortical thickness (21-24). Recently, Berman et al. used
the diffusion tensor imaging approach to demonstrate the presence of
cortical and subcortical gray matter microstructural abnormalities in
PTSD patients (25).

Neurite orientation dispersion and density imaging (NODDI) is
an effective neuroimaging technique that has proven to be useful for
intracellular, extracellular, and cerebrospinal fluid biophysical
modeling. The derived models enable the in vivo quantification of the
angular variation of neurites and axonal and dendritic densities in
terms of the orientation dispersion index (ODI) and neurite density
index (NDI), respectively (26, 27). NODDI can be used to detect
microstructural alterations in neuronal morphology, specifically in the

Frontiers in Psychiatry

10.3389/fpsyt.2023.1215429

cortical and subcortical gray matter. Recently, several research groups,
including ours, have examined the gray matter microstructural
changes related to psychiatric disorders (28-32). Thus, NODDI could
facilitate the identification of the characteristic neuronal morphology
alterations associated with psychiatric symptoms in ASD.

Previously, we have examined the abnormal neurite density
associated with sensory over-responsivity and ACEs (33), which
suggested the clinical importance of gray matter microstructural
abnormality in ASD. Exploring the pathological basis of PTSD
symptoms is of clinical importance for accurately assessing their
impact in ASD. Moreover, given that individuals with ASD are at
increased risk of exposure to ACEs, identifying whether and how
ACEs influence PTSD symptoms and gray matter microstructure
could also promote considerations of early intervention to prevent
maltreatment of children with ASD. The objective of this study was to
investigate gray matter microstructural alterations associated with
PTSD symptoms across the domains of intrusive thinking,
hyperarousal, and avoidance symptoms in ASD. We also explored
whether the level of stress in early life, including due to sexual,
physical, and emotional abuse and neglect, is associated with gray
matter microstructural alterations in various brain regions and PTSD
symptoms in ASD. Elucidating the brain regions with pathological
changes that are associated with PTSD symptoms could help in
clarifying the pathophysiology of PTSD symptoms and in developing
appropriate clinical interventions in ASD.

2. Methods
2.1. Participants

We enrolled adult participants of 39 typically developed (TD)
individuals (Age; 27.5+ 5.4 years) and 41 individuals with ASD (Age;
28.2+6.5years) in this study. The current samples have been used in
our previous study (33). Individuals with ASD were recruited at the
outpatient clinic of the Department of Psychiatry, Nara Medical
University Hospital and the affiliated psychiatric clinic. They were
diagnosed by two trained psychiatrists based on the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition criteria and the
Japanese version of the Autism Diagnostic Observation Schedule-
Second Edition (ADOS-2) (34). They were also evaluated using the
Japanese version of the Autism Spectrum Quotient (AQ-J) test, and
only those with a score>33 were enrolled (35, 36). Among the
individuals with ASD, 15 subjects had other neuropsychiatric
comorbidities, although none were diagnosed with PTSD. Twenty-two
individuals with ASD were receiving psychotropic medications during
the study period.

The TD participants included students and hospital and university
staff of Nara Medical University with no history of psychiatric,
neurological, or developmental disorders as assessed based on the
Mini-International Neuropsychiatric Interview. We also estimated the
full-scale intelligence quotient (IQ) of each participant using the
similarities and symbol search subsets of the Wechsler Adult
Intelligence Scale-Third Edition (37). The socioeconomic status was
evaluated by the Brief rating scale of socioeconomic status for both
individuals with ASD and TD individuals (38). The exclusion criteria
for both the ASD and TD groups were a total IQ <70 and structural
brain abnormalities on T1-weighted magnetic resonance (MR) images.
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2.2. Measures

2.2.1. Assessment of PTSD symptoms

The severity of PTSD symptoms was measured using the Japanese
version of the Impact of Event Scale-Revised (IES-R-]) (39). The
IES-R-J is commonly used to evaluate self-reported posttraumatic
stress symptoms, such as intrusion (8 items), hyperarousal (6 items),
and avoidance (8 items), after a traumatic experience. Participants
rated each questionnaire item with respect to one past life event which
force you feeling great discomfort on a scale of 0 to 4 (0=not at all,
4 =extremely); the IES-R-] total and subscale (intrusion, hyperarousal,
and avoidance) scores were calculated accordingly, with higher scores
reflecting greater severity. Since the participants may feel unwell
during the examination, medical staff were ready to follow up the
participants’ condition carefully.

2.2.2. Evaluation of ACEs

The severity of ACEs was evaluated using the Japanese version of
the Child Abuse Trauma Scale (CATS) (40, 41). The CATS
questionnaire consists of 38 self-rated items and retrospectively
assesses the frequency of adverse event experiences in childhood and
adolescence in five categories: sexual abuse, physical abuse, emotional
abuse, neglect, and others. Participants rated each questionnaire item
on a scale of 0-4 (0=never; 4=always). The total CATS score can
range from 0 to 152, with a higher score reflecting greater severity. A
previous study has examined that the CATS showed reliable internal
consistency (Cronbachs a= 0.63-0.90) and test-retest reliability
(r=0.71-0.91) (40).

These psychological tests were individually administrated with
careful explanations by the evaluators considering the possibility that
individuals with ASD experience difficulties to complete self-
questionnaires as previously reported (42).

This study was prospectively reviewed and approved by the
institutional review board of Nara Medical University and performed
in accordance with the relevant guidelines and regulations. Written
informed consent was obtained from all participants before
enrollment in the study.

2.2.3. Magnetic resonance imaging

A Siemens MAGNETOM Verio scanner (Siemens Healthcare,
Erlangen, Germany) was used to acquire 3T MR images. Participants
were scanned using a 3D Tl-weighted gradient echo sequence
[repetition time (TR) = 1900 ms; echo time (TE) =2.54 ms; field of view
(FOV) =256 x 256 mm; acquisition matrix =256 x 256; 208 contiguous
1.0-mm thickness axial slices]. A two-shell diffusion MR imaging
(MRI) protocol was employed to obtain NODDI data. Diffusion MRI
scans were acquired using an echo-planar imaging sequence
(TR=17,500ms; TE=93ms; b value=0, 1,000, and 2000s/mm?
acquisition matrix =114 x 114; 75 contiguous 2.0-mm thickness axial
slices; no intersection gap; flip angle =90°). The reconstruction matrix
was the same as the acquisition matrix, and 2 x2 x2mm isotropic
voxel data were obtained. A motion-probing gradient was applied in
30 directions for two b values: 1000 and 2000s/mm® The phase-
encoding direction for these datasets was anterior to posterior. All
participants were observed to ensure that they did not move during
MRI. To ensure that the acquired MR images were of appropriate
quality, individual scans were visually examined before any image
processing step was performed.
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2.2.4. Diffusion tensor imaging

Diffusion-weighted images were processed using the functional
MRI of the brain (FMRIB) software library (FSL) version 6.0.0
(FMRIB Center, Department of Clinical Neurology, University of
Oxford, Oxford, England)'. Brain tissue data was extracted using the
FSL brain extraction tool. Diffusion-weighted images for each of the
30 directions were corrected for eddy currents and head motion (43).
To assess head motion, we evaluated the root mean square (RMS)
deviation of absolute intervolume displacement with respect to b=0
images from intraparticipant registration parameters using the FSL
rmsdiff tool (44). The average displacement distance between each
consecutive pair of 61 volumes was calculated for each participant.
The NODDI model was fitted using the NODDI toolbox* running in
MATLAB (MathWorks, Natick, MA, United States), and the ODI and
NDI value maps were derived.

Each ODI and NDI image was co-registered with the
corresponding T1-weighted images, which were segmented into
gray and white matter and cerebrospinal fluid. Subsequently, each
gray matter image was spatially normalized to the Montreal
Neurological Institute (MNI) 152 standard space using a
Diffeomorphic Anatomical Registration Through Exponentiated Li
Algebra algorithm (45). Moreover, based on the transformation
matrix, individual ODI and NDI images were also spatially
normalized to the MNI 152 standard space and smoothed using an
8-mm full-width at half-maximum isotropic Gaussian kernel.
Voxel-based analyses were performed to investigate the brain
regions associated with each IES-R-] subscale score in both the TD
and ASD groups. ODI and NDI image processing and voxel-based
analyses were conducted using the Statistical Parametric Mapping
software (SPM 12, Wellcome Trust Centre for Neuroimaging,
London, United Kingdom).

2.3. Statistical analysis

Between group differences in demographic characteristics (age,
1Q, duration of education) and AQ-J, ADOS-2, IES-R-] total and
subscale and CATS total scores were examined using the Mann-
Whitney U test for nonparametric data (p < 0.05). Fisher’s exact test
was employed to examine differences in sex and handedness between
the two groups (p < 0.05).

For voxel-based analysis, we applied multiple linear regression to
identify the brain regions associated with each IES-R-] subscale score
in the ASD group, with duration of education and use of psychotropic
medication as covariates. Similarly, in the TD group, duration of
education was used as the covariate for the voxel-based whole-brain
regression analysis. A liberal threshold of p < 0.001 was used to obtain
clusters with a family-wise error of p< 0.01.

Correlation analysis was used to explore the relationships
between the CATS total score and each IES-R-J subscale score in
both the ASD and TD groups (Pearson correlation analysis for
parametric data and Spearman rank correlation for nonparametric
data). Statistical significance was set at p < 0.017 using Bonferroni

1 http://www.fmrib.ox.ac.uk/fsl/
2 https://www.nitrc.org/projects/noddi_toolbox/
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correction for multiple comparison. Moreover, partial correlation
analyses were performed to examine the relationships between the
CATS total score and NODDI values in the extracted brain regions
in the voxel-based analysis; the covariates were duration of
education and use of psychotropic medication for the ASD group
and duration of education for the TD group. Statistical significance
was set at p< 0.05/n (where “n” is the number of extracted brain
regions in the voxel-based analyses) using Bonferroni correction for
multiple comparison.

Additionally, to determine whether the severity of ACEs and/
or gray matter microstructural alterations in the extracted brain
regions were associated with that of PTSD symptoms, stepwise
multiple regression analyses was performed with each IES-R-J
subscale score as the dependent variable and CATS total score and
NODDI values in the extracted brain regions as independent
variables in the ASD and TD groups, respectively; statistical
significance was set at p < 0.05.

The normality of each dataset was evaluated using the Shapiro—
Wilk test. Statistical analyses for the group comparison of
demographic characteristics, regional NDI values, and gray matter
volume; correlation analyses; and multiple regression analyses were
performed using SPSS version 27 (IBM Inc., Armonk, NY,
United States).

TABLE 1 Demographic characteristics of the study participants.

ASD group (n =41)

TD group (n =39)

10.3389/fpsyt.2023.1215429

3. Results
3.1. Demographic data

Table 1 shows a comparison of the demographic characteristics
between the ASD and TD groups. The duration of education was
significantly shorter and AQ-]J score was significantly higher in the
ASD group than in the TD group (p <0.05). There were no significant
differences in age, sex, handedness, IQ, and socioeconomic status
between the two groups (p <0.05). Regarding the severity of ACEs, the
ASD group had significantly higher CATS total (p <0.05) score than
the TD group. Figure 1 shows the comparison of IES-R-]J total and
subscale scores between the ASD and TD groups. The total score was
significantly higher in the ASD group (ASD, 39.9%19.5; TD,
10.2+14.2; U=1,417; p<0.001); the intrusion (ASD, 15.3+8.8; TD,
4.2+6.4; U=1,383; p<0.001), hyperarousal (ASD, 11.0+7.3; TD,
2.1+4.1; U=1,405; p<0.001), and avoidance (ASD, 13.5+6.8; TD,
3.9+5.4; U=1389.5; p<0.001) subscale scores were also significantly
higher than those in the TD group. There was no significant difference
between the groups in terms of head motion based on the average RMS
distance (ASD, 4.6+ 1.4mm; TD, 4.2+ 0.7 mm; U=890.5; p=0.38).

Table 2 shows the correlations between individual IES-R-] subscale
scores and CATS total score. There were significant positive correlations

T or U or c?

Age, mean (SD) 28.2 (6.5) 27.5(5.4) 829 0.78
Years of schooling, mean (SD) 14.8 (2.7) 16.2 (2.1) 571 0.023*
Sex, male (%) 30 (73.2) 28 (71.8) 0.019 0.89
Handedness, right (%) 38(92.7) 39 (100) 3 0.085
1Q, mean (SD) 100.2 (13.7) 104.5 (9.8) 646 0.14
AQ-] score, mean (SD) 36.3(3.2) 19.3 (6.8) 1,599 <0.001%
ADOS-2 score, mean (SD) 15.8 (3.2) N/A N/A N/A
CATS score, mean (SD) 49.1 (28.4) 22.9(19.7) 1325.5 <0.001*

TD, typically developed; ASD, autism spectrum disorder; IQ, intelligence quotient; AQ-J, Japanese version of the autism spectrum quotient test; ADOS-2, autism diagnostic observation
schedule-second edition; IES-R-], Japanese version of the impact of event scale-revised; CATS, child abuse and trauma scale; SD, standard deviation. *, p <0.05.
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FIGURE 1
spectrum disorder; TD, typically developed.
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Comparisons of IES-R-J total and subscale scores between the ASD and TD groups. The IES-R-J (A) total and (B—D) subscale scores were significantly
higher in the ASD group than in the TD group. *, p<0.05; **, p <0.017. [ES-R-J, the Japanese version of the impact of event scale-revised; ASD, autism
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between the CATS total score and IES-R-] intrusion and hyperarousal
subscale scores (p <0.017), but not avoidance subscale score (p>0.017)
in the ASD group. On the other hand, there were significant positive
correlations between the CATS total score and IES-R-]J intrusion,
hyperarousal, and avoidance subscale scores in the TD group (p<0.017).

3.2. ldentifying brain regions with
significant association between NODDI
values and IES-R-J scores in the ASD group

Figure 2 shows the results of the voxel-based whole-brain
analyses of the associations between IES-R-J subscale scores and
NODDI values. There were significant positive correlations between

TABLE 2 Associations between severity of total CATS and each IES-R-J
subscale score.

CATS
ASD TD
IES-R-]
intrusion 0.51 (0.001)* 0.47 (0.003)*
hyperarousal 0.40 (0.013)* 0.47 (0.003)*
avoidance 0.12 (0.47) 0.52 (0.001)*

ASD, autism spectrum disorder; TD, typically developed; IES-R-], Japanese-language version
of the impact of event scale-revised; CATS, child abuse and trauma scale. Each value shows r
or r, (p value). *: p<0.017.

10.3389/fpsyt.2023.1215429

the IES-R-] intrusion subscale score and NDI values in the bilateral
supplementary motor area [(x, y, z)=(—6, 4, 50), cluster voxel
size=473, T=4.8, p<0.001], right superior frontal gyrus [(x, y,
z)=(30, 50, 10), cluster voxel size=1,196, T=6.4, p<0.001], left
supramarginal gyrus [(x, y, z)=(—58, —40, 36), cluster voxel
size=2056, T=5.9, p<0.001], and right superior temporal gyrus [(x,
¥, z2)=(66, —28, 8), cluster voxel size=497, T=5.1, p<0.001] in the
ASD group. Moreover, the IES-R-J hyperarousal subscale score was
significantly and positively correlated with NDI values in the right
precuneus [(x, y, z) =(18, —66, 28), cluster voxel size =480, T'=5.0,
p<0.001] in the ASD group. After controlling for the effect of age in
addition to duration of education and use of psychotropic medication,
the association between the IES-R-] hyperarousal subscale score and
NDI values in the right precuneus remained still significant; but no
significant brain regions were associated with the IES-R-] intrusion
subscale score. Then, in case of controlling for the effect of sex and
intracranial volume in addition to duration of education and use of
psychotropic medication, the brain regions associated with IES-R-J
intrusion subscale (right superior frontal and left supramarginal gyri)
and IES-R-J hyperarousal (right precuneus) remained still significant.
There were no significant associations between the IES-R-J avoidance
subscale score and NDI values or between any IES-R-] subscale score
and ODI values in the ASD group. Voxel-based analyses showed that
there was no significant association between any IES-R-J subscale
score and NODDI values in the abovementioned brain regions in the
TD group. Additionally, group comparisons showed no significant
NDI values in these brain regions in either the ASD or TD group
(Supplementary Table S1).

IES-R-J intrusion IES-R-J hyperarousal
Bilateral supplementary Right superior Left supramarginal Right superior Right precuneus
motor area frontal gyrus gyrus temporal gyrus
L)
0.65=y 0.65
.
0.60-4 * . 0.60-1 ) .' H
5 01 -',.. A 5 5 . S °
% osog Se. g - . = 050 T,
Py =070 . - * =079
p<0.001 . p<0.001 p<0.001
0. T T T 1 0. T T T 1 O T T T 1 T T T T T T T T 1
10 20 30 40 10 20 30 40 10 20 30 40 0 10 20 30 10 15 20 25 30
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C
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FIGURE 2
Representative voxel-based multiple regression analysis between each IES-R-J subscale score and NDI values. (A,B) Severe IES-R-J intrusion subscale
score was significantly associated with increased NDI values in the bilateral supplementary motor area, right superior frontal gyrus, supramarginal
gyrus, and right superior temporal gyrus (blue) in the ASD group. Additionally, there was a significant positive association between severe IES-R-J
hyperarousal subscale score and NDI values in the right precuneus (green) in the ASD group. (C) There were no significant associations between IES-
R-J subscale scores and NDI values in the abovementioned brain regions in the TD group. IES-R-J, the Japanese version of the impact of event scale-
revised; NDI, neurite density index; ASD, autism spectrum disorder; TD, typically developed.
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3.3. Correlations between NDI values in the
brain regions associated with IES-R-J and
CATS scores

Figure 3 shows scatter plots depicting the relationships between
NDI values in the extracted brain regions mentioned above and CATS
total score in both groups. Four brain regions associate with IES-R-J
intrusion subscale scores were extracted in the voxel-based whole-
brain analysis [statistical significance was set at p <0.0125 (0.05/4)].
The CATS total score was positively correlated with NDI values in the
right precuneus (IES-R-J hyperarousal) in the ASD group. There were
no significant correlations between the CATS total score and NDI
values in the brain regions associated with IES-R-J intrusion
(Supplementary Table S2). Unlike in the ASD group, there was no
significant correlations between CATS total score and NDI values in
any of the brain regions (Supplementary Table 2) in the TD group.

3.4. Cats scores and NDI values in the
IES-R-J associated brain regions predicted
IES-R-J scores in ASD

Using multiple regression analyses, we explored whether any
CATS total score or NDI values in the extracted brain regions could

Right precuneus

0.70-
0.65=
_ 0.60-
[
4
0.55=
0.50=
° ° ASD: ro= 0.33, p= 0.039
° TD :r,=-0.077, p=0.64
0.45 T I T 1
0 30 60 90 120
CATS total
FIGURE 3

Correlation analyses between CATS score and NDI values in the
brain regions associated with PTSD symptoms. Scatter plots
showing the relationships between CATS total score and NDI
values (red circles, individuals with ASD; blue circles, TD
individuals). There were significant positive correlations between
CATS total score and NDI values in the right precuneus in the ASD
group. On the contrary, there were no significant correlations in
the TD group. CATS, child abuse trauma scale; NDI, neurite
density index; PTSD, posttraumatic stress disorder; ASD, autism
spectrum disorder; TD, typically developed.
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predict the severity of IES-R-]J subscale score in the ASD group
(Table 3). Regarding the IES-R-] hyperarousal subscale score in the
ASD group, we defined NDI value in the right precuneus and CATS
total score as independent variables in terms of predicting IES-R-J
hyperarousal subscale score severity. NDI value in the right precuneus
significantly predicted severity of the IES-R-] hyperarousal subscale
score (p <0.05). Then, since the socioeconomic status and existence of
psychiatric comorbidity can influence each PTSD symptom, we added
these factors to independent valuables for the multilinear regression
analysis. As a result, the socioeconomic status and existence of
psychiatric comorbidity did not predict the severity of the IES-R-J
hyperarousal subscale score (p<0.05) (Supplementary Table S3).

4. Discussion

To the best of our knowledge, this is the first study to explore PTSD-
associated gray matter microstructural alterations in individuals with
ASD. Our results showed that individuals with ASD demonstrated
significant associations between severity of PTSD symptoms and higher
NDI values in the bilateral supplementary motor area; right superior
frontal, left supramarginal, and right superior temporal gyrus; and right
precuneus, which were not observed in TD individuals. We hypothesize
that higher neurite density in these brain regions is involved in the
manifestation of PTSD symptoms in individuals with ASD. Moreover,
although there were significant correlations between severity of PTSD
symptoms and CATS scores in both groups, significant relationships
between NDI values in the PTSD-associated brain regions and CATS
scores were observed only in the ASD group. These findings suggest that
exposure to severe ACEs may be closely involved in the higher cortical
neurite density in individuals with ASD compared to that in
TD individuals.

Individuals with ASD showed significant associations between
severity of intrusion and higher neurite density across the frontal, parietal,
and temporal brain regions. The supplementary motor area is associated
with both motor control and proper cognitive control and to contribute
to the neural network mediating cognitive control (46). The frontal and
supramarginal gyrus have been implicated in memory encoding and
retrieval and precise recognition of past experiences (47-49). The superior
temporal gyrus has been associated with audiovisual integration of
emotions, and is connected to the amygdala, which is known to
be clinically important in PTSD pathophysiology (50, 51). These frontal,
temporal, and parietal brain regions are functionally linked and involved
in autobiographic memory retrieval processing, and abnormalities in this
process have been shown to be associated with PTSD (47, 52, 53).
Therefore, abnormal processing of autobiographical memory retrieval
and emotion could be associated with intrusion in ASD. Additionally,
individuals with ASD showed an association between severity of
hyperarousal and higher neurite density in the precuneus. The precuneus

TABLE 3 Multiple regression analysis: each IES-R-J hyperarousal subscale vs. CATS total score and regional NDI in ASD.

Predictor R? AR? F 2] b P
IES-R-] hyperarousal 0.19 0.17 9.0%

CATS total score 0.096 0.098 0.084
NDI in the right precuneus 67.8 0.43 0.005*

IES-R-J, Japanese-language version of the impact of event scale-revised; CATS, child abuse trauma scale; NDI, neurite density index; ASD, autism spectrum disorder; ACE, adverse childhood

experiment; R?, coefficient of determination; AR? adjusted coefficient of determination; B, partial regression coefficient; SE B, standard error of B; b, standard regression coefficient. *: p <0.05.
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is involved in episodic memory retrieval, self-consciousness, and self-
related mental representations (54, 55). Thus, reduced precuneus
functioning may be associated with abnormal processing of self-
consciousness and mental representation, and consequently with
irritability, sleep disruption, and difficulty in concentrating in ASD. On
the other hand, no significant association was found between avoidance
and NDI in individuals with ASD. This may be because avoidance is a
coping behavior influenced mainly by intrusion and hyperarousal (56,
57), and to a lesser extent by cortical microstructure changes. Thus,
despite the significant association between higher neurite density and
PTSD symptom severity in individuals with ASD, there were no
significant differences in NDI values in the PTSD-associated brain regions
between the groups, which was an unexpected finding. Based on this
result, it can be supposed that, compared to TD individuals, individuals
with ASD have potential vulnerabilities in the PTSD-associated brain
regions. Since NDI values in the PTSD-associated brain regions were
significantly correlated with CATS score, cortical neurite density can
be susceptible to severity of ACEs in individuals with ASD (58). Our ASD
samples in this study showed relatively broad range of CATS scores
compared to TD individuals, which may have led to wide variability in
NDI value in the PTSD-associated brain regions. This could be the reason
why NDI values were not different between individuals with ASD and
TD individuals.

Our findings showed that exposure to severe ACEs was associated
with severity of PTSD symptoms in individuals with ASD. Previous
studies have reported that exposure to early life trauma associated with
PTSD in adults with ASD (10, 59, 60), which was consistent with our
findings. Additionally, TD individuals showed significant associations
between severity of ACEs and that of each PTSD symptom. There have
been previous reports on the association between early life stress and
mental health in healthy adults (61-64), which was consistent to our
findings. Although the etiological basis of ACE-induced psychological
symptoms after adulthood remains unclear, the involvement of
hypothalamic-pituitary-adrenal axis dysregulation (65-67) and/or
systemic inflammation (68-70) has been hypothesized. However,
regression analyses showed that severity of PTSD symptoms, rather than
that of ACEs, was critically predicted by higher neurite density in PTSD-
associated brain regions in the ASD group, but not the TD group. This
suggests that the etiological basis of PTSD symptoms differs between the
groups, and that gray matter microstructural alteration is of clinical
importance for the manifestation of PTSD symptoms in individuals with
ASD. Accordingly, treatment strategies involving functional modification
of PTSD-associated brain regions, such as neuromodulation, could prove
to be effective clinical interventions for ASD.

Severity of CATS scores showed significant associations with
higher NDI values in the PTSD-associated brain regions in individuals
with ASD. Exposure to severe childhood maltreatment has been
reported to be involved in abnormalities of gray matter development
(71-73), and a previous study has examined gray matter density
associated with child abuse (74), which were in line with our findings.
Exposure to ACEs is suggested to be closely correlated with higher
cortical neurite density in individuals with ASD, and it is considered
that is an excess of synaptic connections in their brain during
development compared to that in the mature brain. A previous report
demonstrated that ASD is associated with a rapid rate of brain growth
from 2 to 4years of age, after which volume differences gradually
decrease with age, resulting in nearly the same brain volume in
patients with ASD and TD individuals in adulthood (75). Synaptic
pruning is a brain process involving the reduction of excess synapses
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to allow the establishment of appropriate neural networks during
neural development (76-78). Inappropriate synaptic pruning results
in an excess of dendritic spines and immature synapses, and
consequently in abnormal neural circuits (76). In individuals with
ASD, one possibility is that exposure to ACEs has a worse influence
on proper synaptic pruning compared to that in TD individuals,
which results in excess and abnormal neural circuits. Consequently,
ACE-related immature neural function could be a critical factor in the
manifestation of PTSD symptoms in individuals with ASD.

This study has several limitations. Even with careful individual
explanations by the evaluators, the potential difficulties with the
psychological tests may have introduced a bias, especially for participants
with ASD. As the CATS uses a self-evaluation questionnaire for rating
exposure to ACEs, the possibility of a recall bias among the participants
cannot be ruled out, and could have influenced the study findings.
Nevertheless, the CATS was used to evaluate ACE severity as it has been
well-validated in a previous study (79). Then, in the voxel-based analysis,
there were no significant brain regions associated with IES-R-] intrusion
subscale scores after controlling for age as a covariate among individuals
with ASD. It could be because of the relatively small sample size of the
current ASD participants. Additionally, although age of the ASD samples
mostly ranged from 20 to 40 years, the effect of aging can influence on the
NODDI parameters (80). Then, although we identified certain brain
regions associated with each PTSD symptom by voxel-based whole brain
analysis in individuals with ASD, we could not evaluate functioning of
brain network related to these brain regions. In addition, medication
history may have influenced the severity of certain PTSD symptoms in
individuals with ASD. Accordingly, future studies to address these
limitations are warranted.

In conclusion, our results indicate that ACE-associated higher
cortical neurite density is involved in PTSD symptoms in individuals
with ASD. Neurodevelopment during childhood and adolescence may
be susceptible to ACEs for which severity was closely associated with
higher neurite density in individuals with ASD. These findings suggest
that functional modification of PTSD-associated brain regions may
improve PTSD symptoms in ASD. Moreover, clinical intervention
against ACEs may allow for stable neural development, preventing the
emergence of PTSD symptoms in ASD.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the institutional
review board of Nara Medical University. The studies were conducted
in accordance with the local legislation and institutional requirements.
Written informed consent for participation in this study was provided
by the participants’ legal guardians/next of kin.

Author contributions

SK analyzed and interpreted the imaging data. KM, MT, HY, AM,
and HO contributed to the interpretation of the results. TM, YT, TO,

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1215429
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Kitamura et al.

and TT contributed to the acquisition of MRI data. RI performed the
psychological evaluations. MM contributed to the study conception,
design, and interpretation of the results. All authors contributed to the
article and approved the submitted version.

Funding

This work was supported by the Japanese Society for the
Promotion of Science KAKENHI (grant numbers 19K17116 to SK;
16H06403, 16H06400, 16H02666, and 16H05377 to MM), AMED-
PRIME (grant number 21gm6310015h0002 to MM), AMED-CREST
(grant number 22gm1510009h0001 to MM), AMED (grant number

21wmo04250XXs0101 to MM), AMED (grant number
21uk1024002h0002 to MM).
Acknowledgments

We are grateful for the cooperation and patience of the patients
who made this study possible.

References

1. American Psychiatric Association. DSM-5 task force. Diagnostic and statistical
manual of mental disorders: DSM-5. 5 American Psychiatric Association (2013).

2. Dreiling NG, Cook ML, Lamarche E, Klinger LG. Mental health project ECHO
autism: increasing access to community mental health services for autistic individuals.
Autism. (2022) 26:434-45. doi: 10.1177/13623613211028000

3. Dunn K, Rydzewska E, Fleming M, Cooper SA. Prevalence of mental health
conditions, sensory impairments and physical disability in people with co-occurring
intellectual disabilities and autism compared with other people: a cross-sectional total
population study in Scotland. BMJ Open. (2020) 10:€035280. doi: 10.1136/
bmjopen-2019-035280

4. Nguyen W, Ownsworth T, Nicol C, Zimmerman D. How I see and feel about myself:
domain-specific self-concept and self-esteem in autistic adults. Front Psychol. (2020)
11:913. doi: 10.3389/fpsyg.2020.00913

5. Costa AP, Loor C, Steffgen G. Suicidality in adults with autism spectrum disorder:
the role of depressive symptomatology, alexithymia, and antidepressants. J Autism Dev
Disord. (2020) 50:3585-97. doi: 10.1007/s10803-020-04433-3

6. Hollocks MJ, Lerh JW, Magiati I, Meiser-Stedman R, Brugha TS. Anxiety and
depression in adults with autism spectrum disorder: a systematic review and meta-
analysis. Psychol Med. (2019) 49:559-72. doi: 10.1017/80033291718002283

7. Uljarevi¢ M, Hedley D, Rose-Foley K, Magiati I, Cai RY, Dissanayake C, et al.
Anxiety and depression from adolescence to old age in autism spectrum disorder. J
Autism Dev Disord. (2020) 50:3155-65. doi: 10.1007/s10803-019-04084-z

8. Brewin CR, Rumball F, Happé F. Neglected causes of post-traumatic stress disorder.
BM]J. (2019) 365:12372. doi: 10.1136/bm;j.12372

9. Kerns CM, Newschaffer CJ, Berkowitz SJ. Traumatic childhood events and autism
spectrum disorder. J Autism Dev Disord. (2015) 45:3475-86. doi: 10.1007/
510803-015-2392-y

10. Rumball F, Happé E, Grey N. Experience of trauma and PTSD symptoms in autistic
adults: risk of PTSD development following DSM-5 and non-DSM-5 traumatic life
events. Autism Res. (2020) 13:2122-32. doi: 10.1002/aur.2306

11. Hoover DW, Kaufman J. Adverse childhood experiences in children with autism
spectrum disorder. Curr Opin Psychiatry. (2018) 31:128-32. doi: 10.1097/
YCO.0000000000000390

12. Okazaki K, Ota T, Makinodan M, Kishimoto N, Yamamuro K, Ishida R, et al.
Associations of childhood experiences with event-related potentials in adults with
autism spectrum disorder. Sci Rep. (2020) 10:13447. doi: 10.1038/541598-020-70409-z

13. Gilbert R, Widom CS, Browne K, Fergusson D, Webb E, Janson S. Burden and
consequences of child maltreatment in high-income countries. Lancet. (2009)
373:68-81. doi: 10.1016/S0140-6736(08)61706-7

14. Lindert J, von Ehrenstein OS, Grashow R, Gal G, Braehler E, Weisskopf MG.
Sexual and physical abuse in childhood is associated with depression and anxiety over
the life course: systematic review and meta-analysis. Int ] Public Health. (2014)
59:359-72. doi: 10.1007/s00038-013-0519-5

Frontiers in Psychiatry

10.3389/fpsyt.2023.1215429

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1215429/
full#supplementary-material

15. Teicher MH, Gordon JB, Nemeroff CB. Recognizing the importance of childhood
maltreatment as a critical factor in psychiatric diagnoses, treatment, research,
prevention, and education. Mol Psychiatry. (2022) 27:1331-8. doi: 10.1038/
541380-021-01367-9

16. Herzberg MP, Gunnar MR. Early life stress and brain function: activity and
connectivity associated with processing emotion and reward. NeuroImage. (2020)
209:116493. doi: 10.1016/j.neuroimage.2019.116493

17. Holz NE, Berhe O, Sacu S, Schwarz E, Tesarz ], Heim CM, et al. Early social
adversity, altered brain functional connectivity, and mental health. Biol Psychiatry.
(2023) 93:430-41. doi: 10.1016/j.biopsych.2022.10.019

18. Lim L, Radua J, Rubia K. Gray matter abnormalities in childhood maltreatment: a
voxel-wise meta-analysis. Am ] Psychiatry. (2014) 171:854-63. doi: 10.1176/appi.
ajp.2014.13101427

19. Teicher MH, Samson JA, Anderson CM, Ohashi K. The effects of childhood
maltreatment on brain structure, function and connectivity. Nat Rev Neurosci. (2016)
17:652-66. doi: 10.1038/nrn.2016.111

20. Kitamura S, Makinodan M, Matsuoka K, Takahashi M, Yoshikawa H, Ishida R,
et al. Association of adverse childhood experiences and precuneus volume with intrusive
reexperiencing in autism spectrum disorder. Autism Res. (2021) 14:1886-95. doi:
10.1002/aur.2558

21. Crombie KM, Ross MC, Letkiewicz AM, Sartin-Tarm A, Cisler JM. Differential
relationships of PTSD symptom clusters with cortical thickness and grey matter
volumes among women with PTSD. Sci Rep. (2021) 11:1825. doi: 10.1038/
541598-020-80776-2

22. Lindemer ER, Salat DH, Leritz EC, McGlinchey RE, Milberg WP. Reduced cortical
thickness with increased lifetime burden of PTSD in OEF/OIF veterans and the impact
of comorbid TBI. NeuroImage Clin. (2013) 2:601-11. doi: 10.1016/j.nicl.2013.04.009

23. O’Doherty DCM, Tickell A, Ryder W, Chan C, Hermens DE, Bennett MR, et al.
Frontal and subcortical grey matter reductions in PTSD. Psychiatry Res Neuroimaging.
(2017) 266:1-9. doi: 10.1016/j.pscychresns.2017.05.008

24. Sadeh N, Spielberg JM, Logue MW, Wolf EJ, Smith AK, Lusk J, et al. SKA2
methylation is associated with decreased prefrontal cortical thickness and greater PTSD
severity among trauma-exposed veterans. Mol Psychiatry. (2016) 21:357-63. doi:
10.1038/mp.2015.134

25. Berman Z, Assaf Y, Tarrasch R, Joel D. Macro- and microstructural gray matter
alterations in sexually assaulted women. J Affect Disord. (2020) 262:196-204. doi:
10.1016/j.jad.2019.10.024

26. Zhang H, Hubbard PL, Parker GJM, Alexander DC. Axon diameter mapping in
the presence of orientation dispersion with diffusion MRI. Neurolmage. (2011)
56:1301-15. doi: 10.1016/j.neuroimage.2011.01.084

27. Zhang H, Schneider T, Wheeler-Kingshott CA, Alexander DC. NODDI: practical
in vivo neurite orientation dispersion and density imaging of the human brain.
Neurolmage. (2012) 61:1000-16. doi: 10.1016/j.neuroimage.2012.03.072

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1215429
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1215429/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1215429/full#supplementary-material
https://doi.org/10.1177/13623613211028000
https://doi.org/10.1136/bmjopen-2019-035280
https://doi.org/10.1136/bmjopen-2019-035280
https://doi.org/10.3389/fpsyg.2020.00913
https://doi.org/10.1007/s10803-020-04433-3
https://doi.org/10.1017/S0033291718002283
https://doi.org/10.1007/s10803-019-04084-z
https://doi.org/10.1136/bmj.l2372
https://doi.org/10.1007/s10803-015-2392-y
https://doi.org/10.1007/s10803-015-2392-y
https://doi.org/10.1002/aur.2306
https://doi.org/10.1097/YCO.0000000000000390
https://doi.org/10.1097/YCO.0000000000000390
https://doi.org/10.1038/s41598-020-70409-z
https://doi.org/10.1016/S0140-6736(08)61706-7
https://doi.org/10.1007/s00038-013-0519-5
https://doi.org/10.1038/s41380-021-01367-9
https://doi.org/10.1038/s41380-021-01367-9
https://doi.org/10.1016/j.neuroimage.2019.116493
https://doi.org/10.1016/j.biopsych.2022.10.019
https://doi.org/10.1176/appi.ajp.2014.13101427
https://doi.org/10.1176/appi.ajp.2014.13101427
https://doi.org/10.1038/nrn.2016.111
https://doi.org/10.1002/aur.2558
https://doi.org/10.1038/s41598-020-80776-2
https://doi.org/10.1038/s41598-020-80776-2
https://doi.org/10.1016/j.nicl.2013.04.009
https://doi.org/10.1016/j.pscychresns.2017.05.008
https://doi.org/10.1038/mp.2015.134
https://doi.org/10.1016/j.jad.2019.10.024
https://doi.org/10.1016/j.neuroimage.2011.01.084
https://doi.org/10.1016/j.neuroimage.2012.03.072

Kitamura et al.

28. Matsuoka K, Makinodan M, Kitamura S, Takahashi M, Yoshikawa H, Yasuno E,
et al. Increased dendritic orientation dispersion in the left occipital gyrus is associated
with atypical visual processing in adults with autism spectrum disorder. Cereb Cortex.
(2020) 30:5617-25. doi: 10.1093/cercor/bhaal21

29. Nazeri A, Mulsant BH, Rajji TK, Levesque ML, Pipitone ], Stefanik L, et al. Gray
matter neuritic microstructure deficits in schizophrenia and bipolar disorder. Biol
Psychiatry. (2017) 82:726-36. doi: 10.1016/j.biopsych.2016.12.005

30. Nazeri A, Schifani C, Anderson JAE, Ameis SH, Voineskos AN. In vivo imaging
of gray matter microstructure in major psychiatric disorders: opportunities for clinical
translation. Biol Psychiatry Cogn Neurosci Neuroimaging. (2020) 5:855-64. doi: 10.1016/j.
bpsc.2020.03.003

31. Spray A, Beer AL, Bentall RP, Sluming V, Meyer G. Microstructure of the superior
temporal gyrus and hallucination proneness - a multi-compartment diffusion imaging
study. NeuroImage Clin. (2018) 20:1-6. doi: 10.1016/j.nicl.2018.06.027

32. Yasuno F, Makinodan M, Takahashi M, Matsuoka K, Yoshikawa H, Kitamura S,
et al. Microstructural anomalies evaluated by neurite orientation dispersion and density
imaging are related to deficits in facial emotional recognition via perceptual-binding
difficulties in autism spectrum disorder. Autism Res. (2020) 13:729-40. doi: 10.1002/
aur.2280

33. Kitamura S, Matsuoka K, Takahashi M, Hiroaki Y, Ishida R, Kishimoto N, et al.
Association of adverse childhood experience-related increase in neurite density with
sensory over-responsivity in autism spectrum disorder: a neurite orientation dispersion
and density imaging study. ] Psychiatr Res. (2023) 161:316-23. doi: 10.1016/j.
jpsychires.2023.03.029

34.Lord C, Rutter M, DiLavore P, Risi S, Gotham K, Bishop S. Autism diagnostic
observation schedule. 2nd ed. Western: Psychological Corporation (2012).

35. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E. The autism-
Spectrum quotient (AQ): evidence from Asperger syndrome/high-functioning autism,
males and females, scientists and mathematicians. ] Autism Dev Disord. (2001) 31:5-17.
doi: 10.1023/a:1005653411471

36. Kurita H, Koyama T, Osada H. Autism-Spectrum quotient-Japanese version and
its short forms for screening normally intelligent persons with pervasive developmental
disorders. Psychiatry Clin Neurosci. (2005) 59:490-6. doi:
10.1111/j.1440-1819.2005.01403.x

37. Sumiyoshi C, Fujino H, Sumiyoshi T, Yasuda Y, Yamamori H, Ohi K, et al.
Usefulness of the Wechsler intelligence scale short form for assessing functional
outcomes in patients with schizophrenia. Psychiatry Res. (2016) 245:371-8. doi:
10.1016/j.psychres.2016.08.018

38. Okada N, Kasai K, Takahashi T, Suzuki M, Hashimoto R, Kawakami N. Brief rating
scale of socioeconomic status for biological psychiatry research among Japanese people:
a scaling based on an educational history. Jpn ] Biol Psychiatry. (2014) 25:115-7.

39. Asukai N, Kato H, Kawamura N, Kim Y, Yamamoto K, Kishimoto J, et al.
Reliability and validity of the Japanese-language version of the impact of event scale-
revised (IES-R-]): four studies of different traumatic events. ] Nerv Ment Dis. (2002)
190:175-82. doi: 10.1097/00005053-200203000-00006

40. Sanders B, Becker-Lausen E. The measurement of psychological maltreatment:
early data on the child abuse and trauma scale. Child Abuse Negl. (1995) 19:315-23. doi:
10.1016/s0145-2134(94)00131-6

41. Tanabe H, Ozawa Y, Goto K. Psychometric properties of the Japanese version of
the child abuse and trauma scale (CATS). In The 9th Annual Meeting of the Japanese
Society for Traumatic Stress Studies (in Japanese) (2010).

42. Mazefsky CA, Oswald JKDP. Preliminatry evidence suggesting caution in the use
of psychiatric self-report measures with adolescents with high-functioning autism
spectrum disorders. Res Autism Spectr Disord. (2011) 5:164-74. doi: 10.1016/j.
rasd.2010.03.006

43. Andersson JLR, Sotiropoulos SN. An integrated approach to correction for off-
resonance effects and subject movement in diffusion MR imaging. Neurolmage. (2016)
125:1063-78. doi: 10.1016/j.neuroimage.2015.10.019

44. Jenkinson M, Bannister P, Brady M, Smith S. Improved optimization for the robust
and accurate linear registration and motion correction of brain images. NeuroImage.
(2002) 17:825-41. doi: 10.1016/s1053-8119(02)91132-8

45. Ashburner J. A fast diffeomorphic image registration algorithm. Neurolmage.
(2007) 38:95-113. doi: 10.1016/j.neuroimage.2007.07.007

46. Lee D, Lee JE, Lee J, Kim C, Jung YC. Insular activation and functional connectivity
in firefighters with post-traumatic stress disorder. BJPsych Open. (2022) 8:e69. doi:
10.1192/bjo.2022.32

47. Bremner JD, Krystal JH, Southwick SM, Charney DS. Functional neuroanatomical
correlates of the effects of stress on memory. J Trauma Stress. (1995) 8:527-53. doi:
10.1007/BF02102888

48. Mertens YL, Manthey A, Sierk A, Walter H, Daniels JK. Neural correlates of acute
post-traumatic dissociation: a functional neuroimaging script-driven imagery study.
BJPsych Open. (2022) 8:109. doi: 10.1192/bjo.2022.65

49. Popescu M, Popescu EA, DeGraba TJ, Hughes JD. Post-traumatic stress disorder
is associated with alterations in evoked cortical activation during visual recognition of
scenes. Neurolmage Clin. (2021) 31:102752. doi: 10.1016/j.nicl.2021.102752

Frontiers in Psychiatry

10.3389/fpsyt.2023.1215429

50. De Bellis MD, Keshavan MS, Frustaci K, Shifflett H, Iyengar S, Beers SR, et al.
Superior temporal gyrus volumes in maltreated children and adolescents with PTSD.
Biol Psychiatry. (2002) 51:544-52. doi: 10.1016/s0006-3223(01)01374-9

51. Wang X, Xie H, Chen T, Cotton AS, Salminen LE, Logue MW, et al. Cortical
volume abnormalities in posttraumatic stress disorder: an ENIGMA-psychiatric
genomics consortium PTSD workgroup mega-analysis. Mol Psychiatry. (2021)
26:4331-43. doi: 10.1038/s41380-020-00967-1

52. Harricharan S, McKinnon MC, Tursich M, Densmore M, Frewen P, Théberge J,
et al. Overlapping frontoparietal networks in response to oculomotion and traumatic
autobiographical memory retrieval: implications for eye movement desensitization and
reprocessing. Eur J Psychotraumatol. (2019) 10:1586265. doi:
10.1080/20008198.2019.1586265

53. Selemon LD, Goldman-Rakic PS. Common cortical and subcortical targets of the
dorsolateral prefrontal and posterior parietal cortices in the rhesus monkey: evidence
for a distributed neural network subserving spatially guided behavior. ] Neurosci. (1988)
8:4049-68. doi: 10.1523/JNEUROSCI.08-11-04049.1988

54. Cavanna AE, Trimble MR. The precuneus: a review of its functional anatomy and
behavioural correlates. Brain. (2006) 129:564-83. doi: 10.1093/brain/awl004

55. Misaki M, Phillips R, Zotev V, Wong CK, Waurfel BE, Krueger F, et al. Real-time
fMRI amygdala neurofeedback positive emotional training normalized resting-state
functional connectivity in combat veterans with and without PTSD: a connectome-wide
investigation. Neurolmage Clin. (2018) 20:543-55. doi: 10.1016/j.nicl.2018.08.025

56. Batchelder AW, Safren SA, Coleman JN, Boroughs MS, Thiim A, Ironson GH, et al.
Indirect effects from childhood sexual abuse severity to PTSD: the role of avoidance
coping. ] Interpers Violence. (2021) 36:NP5476-95. doi: 10.1177/0886260518801030

57. Tipsword JM, Brown-Iannuzzi JL, Jones AC, Flores J, Badour CL. Avoidance
coping partially accounts for the relationship between trauma-related shame and PTSD
symptoms following interpersonal trauma. Violence Against Women. (2022) 28:107-25.
doi: 10.1177/1077801220988350

58. Taylor SE, Grove TB, Ellingrod VL, Tso IF. The fragile brain: stress vulnerability,
negative affect and GABAergic Neurocircuits in psychosis. Schizophr Bull. (2019)
45:1170-83. doi: 10.1093/schbul/sbz046

59. Rumball E, Brook L, Happé E, Karl A. Heightened risk of posttraumatic stress
disorder in adults with autism spectrum disorder: the role of cumulative trauma and
memory deficits. Res Dev Disabil. (2021) 110:103848. doi: 10.1016/j.ridd.2020.103848

60. Stewart GR, Corbett A, Ballard C, Creese B, Aarsland D, Hampshire A, et al.
Traumatic life experiences and post-traumatic stress symptoms in middle-aged and
older adults with and without autistic traits. Int ] Geriatr Psychiatry. (2022) 37:5669. doi:
10.1002/gps.5669

61. Adams ], Mrug S, Knight DC. Characteristics of child physical and sexual abuse
as predictors of psychopathology. Child Abuse Negl. (2018) 86:167-77. doi: 10.1016/j.
chiabu.2018.09.019

62. Christ C, de Waal MM, Dekker JJM, van Kuijk I, van Schaik DJF, Kikkert M]J, et al.
Linking childhood emotional abuse and depressive symptoms: the role of emotion
dysregulation and interpersonal problems. PLoS One. (2019) 14:¢0211882. doi: 10.1371/
journal.pone.0211882

63. Nakai Y, Inoue T, Toda H, Toyomaki A, Nakato Y, Nakagawa S, et al. The influence
of childhood abuse, adult stressful life events and temperaments on depressive symptoms
in the nonclinical general adult population. J Affect Disord. (2014) 158:101-7. doi:
10.1016/j.jad.2014.02.004

64. Reiser SJ, McMillan KA, Wright KD, Asmundson GJG. Adverse childhood
experiences and health anxiety in adulthood. Child Abuse Negl. (2014) 38:407-13. doi:
10.1016/j.chiabu.2013.08.007

65. Ceruso A, Martinez—Cengotitabengoa M, Peters-Corbett A, Diaz-Gutierrez MJ,
Martinez-Cengotitabengoa M. Alterations of the HPA axis observed in patients with
major depressive disorder and their relation to early life stress: a systematic review.
Neuropsychobiology. (2020) 79:417-27. doi: 10.1159/000506484

66. Raymond C, Marin ME, Majeur D, Lupien S. Early child adversity and
psychopathology in adulthood: HPA axis and cognitive dysregulations as potential
mechanisms. Prog Neuro-Psychopharmacol Biol Psychiatry. (2018) 85:152-60. doi:
10.1016/j.pnpbp.2017.07.015

67.Zhong X, Ming Q, Dong D, Sun X, Cheng C, Xiong G, et al. Childhood
maltreatment experience influences neural response to psychosocial stress in adults: an
fMRI study. Front Psychol. (2019) 10:2961. doi: 10.3389/fpsyg.2019.02961

68. Kerr DM, McDonald J, Minnis H. The association of child maltreatment and
systemic inflammation in adulthood: a systematic review. PLoS One. (2021) 16:€0243685.
doi: 10.1371/journal.pone.0243685

69. Kuzminskaite E, Penninx BWJH, van Harmelen AL, Elzinga BM, Hovens JGFM,
Vinkers CH. Childhood trauma in adult depressive and anxiety disorders: an integrated
review on psychological and biological mechanisms in the NESDA cohort. ] Affect
Disord. (2021) 283:179-91. doi: 10.1016/j.jad.2021.01.054

70. Pedrotti Moreira F, Wiener CD, Jansen K, Portela LV, Lara DR, Souza LDM, et al.
Childhood trauma and increased peripheral cytokines in young adults with major
depressive: population-based study. ] Neuroimmunol. (2018) 319:112-6. doi: 10.1016/j.
jneuroim.2018.02.018

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1215429
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1093/cercor/bhaa121
https://doi.org/10.1016/j.biopsych.2016.12.005
https://doi.org/10.1016/j.bpsc.2020.03.003
https://doi.org/10.1016/j.bpsc.2020.03.003
https://doi.org/10.1016/j.nicl.2018.06.027
https://doi.org/10.1002/aur.2280
https://doi.org/10.1002/aur.2280
https://doi.org/10.1016/j.jpsychires.2023.03.029
https://doi.org/10.1016/j.jpsychires.2023.03.029
https://doi.org/10.1023/a:1005653411471
https://doi.org/10.1111/j.1440-1819.2005.01403.x
https://doi.org/10.1016/j.psychres.2016.08.018
https://doi.org/10.1097/00005053-200203000-00006
https://doi.org/10.1016/s0145-2134(94)00131-6
https://doi.org/10.1016/j.rasd.2010.03.006
https://doi.org/10.1016/j.rasd.2010.03.006
https://doi.org/10.1016/j.neuroimage.2015.10.019
https://doi.org/10.1016/s1053-8119(02)91132-8
https://doi.org/10.1016/j.neuroimage.2007.07.007
https://doi.org/10.1192/bjo.2022.32
https://doi.org/10.1007/BF02102888
https://doi.org/10.1192/bjo.2022.65
https://doi.org/10.1016/j.nicl.2021.102752
https://doi.org/10.1016/s0006-3223(01)01374-9
https://doi.org/10.1038/s41380-020-00967-1
https://doi.org/10.1080/20008198.2019.1586265
https://doi.org/10.1523/JNEUROSCI.08-11-04049.1988
https://doi.org/10.1093/brain/awl004
https://doi.org/10.1016/j.nicl.2018.08.025
https://doi.org/10.1177/0886260518801030
https://doi.org/10.1177/1077801220988350
https://doi.org/10.1093/schbul/sbz046
https://doi.org/10.1016/j.ridd.2020.103848
https://doi.org/10.1002/gps.5669
https://doi.org/10.1016/j.chiabu.2018.09.019
https://doi.org/10.1016/j.chiabu.2018.09.019
https://doi.org/10.1371/journal.pone.0211882
https://doi.org/10.1371/journal.pone.0211882
https://doi.org/10.1016/j.jad.2014.02.004
https://doi.org/10.1016/j.chiabu.2013.08.007
https://doi.org/10.1159/000506484
https://doi.org/10.1016/j.pnpbp.2017.07.015
https://doi.org/10.3389/fpsyg.2019.02961
https://doi.org/10.1371/journal.pone.0243685
https://doi.org/10.1016/j.jad.2021.01.054
https://doi.org/10.1016/j.jneuroim.2018.02.018
https://doi.org/10.1016/j.jneuroim.2018.02.018

Kitamura et al.

71. Cortes Hidalgo AP, Thijssen S, Delaney SW, Vernooij MW, Jansen PW, Bakermans-
Kranenburg MJ, et al. Harsh parenting and child brain morphology: a population-based
study. Child Maltreat. (2022) 27:163-73. doi: 10.1177/1077559520986856

72.Edmiston EE, Wang E Mazure CM, Guiney ], Sinha R, Mayes LC, et al.
Corticostriatal-limbic gray matter morphology in adolescents with self-reported
exposure to childhood maltreatment. Arch Pediatr Adolesc Med. (2011) 165:1069-77.
doi: 10.1001/archpediatrics.2011.565

73. Tomoda A, Navalta CP, Polcari A, Sadato N, Teicher MH. Childhood sexual abuse
is associated with reduced gray matter volume in visual cortex of young women. Biol
Psychiatry. (2009) 66:642-8. doi: 10.1016/j.biopsych.2009.04.021

74. Ahn §J, Kyeong S, Suh SH, Kim JJ, Chung TS, Seok JH. What is the impact of child
abuse on gray matter abnormalities in individuals with major depressive disorder: a case
control study. BMC Psychiatry. (2016) 16:397. doi: 10.1186/5s12888-016-1116-y

75. Redcay E, Courchesne E. When is the brain enlarged in autism? A meta-analysis of all
brain size reports. Biol Psychiatry. (2005) 58:1-9. doi: 10.1016/j.biopsych.2005.03.026

Frontiers in Psychiatry

10

10.3389/fpsyt.2023.1215429

76. Paolicelli RC, Bolasco G, Pagani F, Maggi L, Scianni M, Panzanelli P, et al. Synaptic
pruning by microglia is necessary for normal brain development. Science. (2011)
333:1456-8. doi: 10.1126/science.1202529

77.Schafer DP, Lehrman EK, Kautzman AG, Koyama R, Mardinly AR, Yamasaki R,
et al. Microglia sculpt postnatal neural circuits in an activity and complement-dependent
manner. Neuron. (2012) 74:691-705. doi: 10.1016/j.neuron.2012.03.026

78. Stevens B, Allen NJ, Vazquez LE, Howell GR, Christopherson KS, Nouri N, et al.
The classical complement cascade mediates CNS synapse elimination. Cells. (2007)
131:1164-78. doi: 10.1016/j.cell.2007.10.036

79. Hardt J, Rutter M. Validity of adult retrospective reports of adverse childhood
experiences: review of the evidence. J Child Psychol Psychiatry. (2004) 45:260-73. doi:
10.1111/j.1469-7610.2004.00218.x

80. Kodiweera C, Alexander AL, Harezlak J, McAllister TW, Wu YC. Age effects and sex
differences in human brain white matter of young to middle-aged adults: a DTI, NODDI,
and q-space study. Neurolmage. (2016) 128:180-92. doi: 10.1016/j.neuroimage.2015.12.033

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1215429
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1177/1077559520986856
https://doi.org/10.1001/archpediatrics.2011.565
https://doi.org/10.1016/j.biopsych.2009.04.021
https://doi.org/10.1186/s12888-016-1116-y
https://doi.org/10.1016/j.biopsych.2005.03.026
https://doi.org/10.1126/science.1202529
https://doi.org/10.1016/j.neuron.2012.03.026
https://doi.org/10.1016/j.cell.2007.10.036
https://doi.org/10.1111/j.1469-7610.2004.00218.x
https://doi.org/10.1016/j.neuroimage.2015.12.033

	Association of adverse childhood experiences and cortical neurite density alterations with posttraumatic stress disorder symptoms in autism spectrum disorder
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Measures
	2.2.1. Assessment of PTSD symptoms
	2.2.2. Evaluation of ACEs
	2.2.3. Magnetic resonance imaging
	2.2.4. Diffusion tensor imaging
	2.3. Statistical analysis

	3. Results
	3.1. Demographic data
	3.2. Identifying brain regions with significant association between NODDI values and IES-R-J scores in the ASD group
	3.3. Correlations between NDI values in the brain regions associated with IES-R-J and CATS scores
	3.4. Cats scores and NDI values in the IES-R-J associated brain regions predicted IES-R-J scores in ASD

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

