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Abstract 

 

 It has been widely recognized that adverse childhood experiences (ACE) increase 

the risk of subsequent maladjustment by adversely affecting numerous areas of 

cognitive development. In this study, we focused on child maltreatment as the primary 

childhood adversity experience and examined its effects on brain development during 

childhood. First, we reviewed the effects of maltreatment experiences on the brain for 

each brain area based on previous studies, and found reduced executive function in 

the prefrontal cortex, reduced hippocampal volume with secondary disorders, and 

dysfunction of the reward system. Next, we investigated the effects of the type and 

timing of child maltreatment on brain development based on our recent studies. The 

brain area affected was demonstrated to depend on the type and timing of 

maltreatment. This suggests different symptoms. Lastly, we reviewed the recent 

progress in neuroscience research related to parenting support. Based on the rapid 

development of brain function measurement technology, such as functional magnetic 

resonance imaging (fMRI), in recent years, we discussed the possibility of developing 
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a preventive model capable of early detection and intervention for mental illness and 

social adaptation difficulties, especially parenting difficulties. Further research on the 

prevention and intervention for parenting difficulties, and a better understanding of the 

mechanism of parenting will change the methodology for supporting parents, 

enabling the development of a support program in line with the diverse needs 

depending on individual differences in parenting skills and resources. 

 

Keywords： adverse childhood experience (ACE), child maltreatment, brain, 

development, parenting support 

 

 

 

Introduction. 

 It is well known that adverse 

childhood experiences (ACEs) increase 

the risk of later maladjustment by 

adversely affecting various 

developmental domains2) . For example, 

in the cognitive domain, ACE increases 

the risk of memory problems, learning 

difficulties, and delays in cognitive 

development, which may be related to 

academic difficulties and 

maladjustment in school.3)15)18) In 

addition, children with ACE often have 

difficulties in controlling their attention 

and behavior, and it has been suggested 

that this may be a risk factor for 

attention-deficit/hyperactivity disorder 

(ADHD) and problematic behavior18). 

It has also been suggested that ACE 

may be a risk factor for 

attention-deficit/hyperactivity disorder 

(ADHD) and problematic behaviors.18) 

In addition, atypical emotional and 

social development is often observed, 

which is associated with decreased 

sensitivity to rewards and difficulties in 

emotional control, as well as increased 

risk of developing psychiatric disorders, 

interpersonal problems, and 

involvement in antisocial 

activities.17)38) ACE has also been 

reported to pose significant health risks. 

In a large epidemiological study of 

13,000 subjects, it was reported that 

the rates of smoking, suicide attempts, 

alcoholism, drug use, physical inactivity, 

and severe obesity were significantly 

increased.6) In Japan, child abuse has 

been reported to be associated with an 

increased risk of suicide. In Japan, it 

has been reported that the economic 

loss caused by child abuse is estimated 

to be at least 1.6 trillion yen per year in 

2012.34) The social loss caused by ACE 

is immeasurable. 

 In the present study, we focus on the 
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effects of child abuse on brain 

development in childhood. First, we 

review the effects of abuse experiences 

on the brain based on previous research. 

Next, we examine the effects of the type 

and timing of abuse on brain 

development based on recent research 

conducted by the authors. Finally, 

recent advances in neuroscience 

research are outlined and future 

perspectives are proposed for the 

support of caregivers. 

 

I. Effects of abusive experiences on the 

brain 

 It has been suggested that 

psychological stress caused by abusive 

experiences causes structural changes 

in brain regions important for stress 

response and emotion regulation 

(prefrontal cortex (PFC), hippocampus, 

amygdala, and reward system 

including striatum) by increasing 

cortisol in the 

hypothalamic-pituitary-adrenal (HPA) 

axis and inflammatory cytokines in the 

immune system. The PFC plays a major 

role in the control of executive functions 

in cognitive, emotional, and stress 

responses.5) However, previous studies 

have shown that ACE caused by child 

abuse is associated with changes in the 

volume of the PFC. The PFC plays a 

major role in the regulation of executive 

functions in cognitive, emotional, and 

stress responses.5) However, previous 

studies have indicated that child 

maltreatment-induced ACE is 

associated with changes in PFC 

volume.16)31) Previous studies have 

indicated that ACE is associated with 

changes in PFC volume due to child 

abuse.16)31) It has also been reported 

that the size of PFC volume is a 

protective factor against the risk of 

developing psychiatric disorders and 

problematic behaviors due to the 

experience of abuse.14) Similarly, in 

terms of brain functioning, it has been 

reported that ACE is associated with 

changes in PFC volume due to child 

abuse.16) Similarly, it has been 

reported that the PFC is activated and 

its functional connectivity with other 

brain regions is altered in response to 

abuse11). The hippocampus is involved 

in emotion-based learning and memory, 

and has been the focus of previous 

studies examining the relationship 

between child abuse and brain imaging 

findings. Previous studies have focused 

on the relationship between child abuse 

and brain imaging findings. It has been 

reported that abusive experiences 

decrease hippocampal volume16)25)35) , 

and it has been suggested that small 

hippocampal volume may be a 

mediating factor for secondary 

disorders such as problematic behavior 

in childhood10) and depression in 

adolescence19) . In contrast, the 

hippocampal volume is larger in the 
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group of children who have experienced 

abuse but have not developed 

psychiatric disorders, suggesting that 

the hippocampal volume may be a 

marker for the development of 

psychiatric disorders caused by child 

abuse35). The amygdala plays a major 

role in the processing of emotional 

responses to threatening stimuli and 

has been examined in relation to child 

abuse35) , but recent meta-analyses 

have not found a clear relationship 

between the two16) . However, recent 

meta-analyses have not found a clear 

relationship between the two16) . On 

the other hand, brain function studies 

have consistently reported increased 

sensitivity to threat-related stimuli12) . 

This suggests that the effects of abuse 

on the amygdala may be manifested as 

changes in network parameters with 

other brain regions, rather than in 

structural parameters such as volume. 

Finally, previous studies have 

consistently reported decreased 

sensitivity of the reward system, 

including the striatum10)24) . Reward 

processing plays an important role in 

learning motivations and responses to 

sustain goal-directed actions, and is 

considered to be an essential function 

in building interpersonal relationships 

based on social rewards such as praise 

and in developing social skills. In 

previous studies, it has been suggested 

that decreased activity of the striatum 

due to an abusive experience is 

involved in subsequent interpersonal 

conflict and internalizing 

symptoms.4)24) As described above, we 

have reviewed the effects of abusive 

experiences on brain development by 

region (PFC, hippocampus, amygdala, 

reward system), but it will be necessary 

to clarify the effects on the network 

between each brain region. So far, there 

have been only a few studies on the 

effects of abuse experiences on the 

interregional network26) , and the 

detailed mechanisms have not yet been 

clarified. It is quite possible that 

structural, functional, and 

developmental imbalances in the 

interregional networks of the brain 

influence the symptoms and prognosis 

of child abuse. 

 

II. Effects of the type and timing of 

abusive experiences on the brain 

 The incidence of psychiatric disorders 

caused by abusive experiences is known 

to vary depending on the type and 

timing of abuse. For example, in 

posttraumatic stress disorder (PTSD), 

37.5% of victims of sexual abuse are 

reported to have PTSD, while 30.6% of 

victims of neglect are reported to have 

PTSD36) . The reason for this may be 

that the brain/endocrine system and 

genetic predisposition (vulnerability) 

involved differ depending on the type 

and timing of abuse. Because PTSD, as 
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well as other related stress disorders, 

depression, anxiety, and substance 

abuse (alcohol and drugs), can cause a 

wide variety of psychiatric disorders, it 

is difficult to determine the effects of 

the abuse experience on brain 

development. It is usually difficult to 

extract only the pure effects of abusive 

experiences on brain development. In 

order to exclude such effects as much as 

possible, the authors screened 

thousands of participants from the 

general public who had been exposed to 

only "one particular type of abuse" and 

examined the effects of the type and 

timing of abuse on subsequent brain 

development (gray matter volume) in a 

retrospective manner. The results 

showed a significant relationship 

between the type and timing of abuse. 

The results showed that, in relation to 

the type of abuse, psychological abuse 

by verbal abuse had an effect on the 

auditory cortex31) , whereas exposure 

to sexual abuse and domestic violence 

had an effect on the visual cortex29)32) , 

and severe corporal punishment had a 

significantly greater effect on the 

prefrontal cortex30) (Figure 1). In 

relation to the timing of the abuse, the 

effects differed depending on the timing 

as well as the type of abuse. In the case 

of sexual abuse in early childhood (3-5 

years old), the effects on the 

hippocampus were relatively large, 

whereas the effects on the corpus 

callosum were relatively large in 

preadolescence (9-10 years old) and the 

frontal lobe in adolescence (14-16 years 

old). 

 In addition, child abuse is known to 

cause distortions in attachment 

formation with caregivers. In a recent 

study, the authors conducted a brain 

imaging study of children who had 

difficulty forming attachments with 

others due to their experiences of 

abuse7)20) . Reactive attachment 

disorder (RAD) occurs when child abuse 

interferes with the formation of stable 

attachments with caregivers. In this 

study, 21 children (mean age 12.8 

years) with DSM-5 Magnetic resonance 

imaging (MRI) was performed on 21 

DSM-5 diagnosed RAD children (mean 

age: 12.8 years) and 20 typically 

developing children (mean age: 12.7 

years) to investigate the differences in 

gray matter volume between groups. 

Random forest regression was used to 

examine the effects of type of abuse and 

timing of exposure on gray matter 

volume in the RAD children only. The 

results showed that the gray matter 

volume of the visual cortex was 

significantly reduced by 20.6% in the 

RAD group compared to the 

typically-developing children20) , and 

that "neglect" and "number of 

overlapping types" of abuse had a 

significant effect on this reduction7) 

(Fig. 2a). In terms of the timing of 
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abuse, it was found that the experience 

of abuse between the ages of 4 and 7 

years had a significant effect (Fig. 2b). 

Furthermore, in relation to clinical 

symptoms, a decrease in the volume of 

the visual cortex was significantly 

associated with anxiety, PTSD, and 

dissociative symptoms. Thus, the type 

of abuse and the timing of the abuse 

experience greatly influence 

subsequent brain development, which 

in turn leads to a variety of clinical 

symptoms. By taking a tripartite 

approach based on the relationship 

between the type of abuse, timing of 

exposure, clinical symptoms, and brain 

imaging findings as intermediate 

phenotypes, it is possible to understand 

the importance of non-uniform 

interventions, the difficulties in 

building interpersonal relationships 

and reestablishing attachment to 

caregivers caused by child abuse, and 

the pathogenesis of related psychiatric 

disorders such as PTSD. It will also 

contribute to the understanding of the 

pathogenesis of related mental 

disorders such as PTSD and the 

development of treatment and support 

methods. 

 

III. Advances in Brain Science 

Research Leading to Support for 

Caregivers 

 Children's development is guided and 

supported by their relationships with 

caregivers and others around them. 

Understanding the psychological 

adaptations of caregivers who guide 

and support children's development 

and nurture them together is useful for 

maintaining and promoting the 

parent-child relationship and for 

gaining a perspective on its breakdown 

(pathology). In particular, when a child 

has developmental problems, 

attachment to the caregiver is delayed, 

and trauma in the nurturing 

environment (e.g., experiences of abuse) 

or social life (e.g., experiences of 

bullying at school) is easily brought in. 

It can be said that the process of 

relationship development between 

caregivers and children is also uneven, 

but even the most caring caregivers are 

considered to be at risk of falling into 

child-rearing difficulties and disorders 

(worst case scenario: abuse or suicide) 

due to the accumulation of not only 

physical fatigue but also invisible 

mental fatigue. Serious problems in 

child-rearing do not occur suddenly, but 

rather progress through the four stages 

of child-rearing functioning: 

preparation for child-rearing, healthy 

child-rearing, child-rearing difficulties, 

and child-rearing failure (Fig. 3).22) In 

order to maintain and promote healthy 

child-rearing and to prevent serious 

problems in child-rearing, it is 

necessary to construct and develop a 

preventive child-rearing support 
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system according to the stages. Recent 

brain research has shown that the 

effects of these factors also appear 

during the first two years of life (the 

most rapid period of brain development 

and critical for the development of 

children's later mental functions). 

However, recent brain research has 

revealed that these effects are also 

manifested during the first two years of 

life (the most rapid period of brain 

development in children and critical for 

later mental development).8) 

 As an adaptation of the caregiver's 

mind that produces prosocial nurturing 

behavior, it is known that the 

caregiver's sensitivity to social signals 

(signals) such as infant crying 

increases28) . It is believed that 

caregivers (mothers), unlike 

non-caregivers, are able to detect social 

signals such as crying efficiently by 

continuously allocating their attention 

to the infant's condition. Brain research 

on the neural basis of such nurturing 

abilities9) has shown that nurturers 

increase the activity of the insular 

cortex and inferior frontal gyrus when 

processing social signals compared to 

non-nurturers. This brain function 

helps caregivers to efficiently detect 

social information from others around 

them, thereby protecting their children 

from danger and increasing their 

chances of survival. However, 

caregivers who suffer from mental 

health problems triggered by the 

accumulation of stress in child-rearing 

may experience a decline in their 

ability to care for their children, which 

in turn may lead to a decline in the 

functioning of their neural 

infrastructure. It has been reported 

that depressed caregivers have reduced 

activity in brain regions such as the 

striatum when listening to infant 

crying compared to healthy 

caregivers13) . 13) This decrease in 

nurturing brain function is inversely 

correlated with the severity of 

depressive symptoms, which is more 

severe in caregivers with more severe 

depressive symptoms, suggesting that 

it is related to the problem of sensitivity 

to social signals from infants. On the 

other hand, there are many reports 

that parent training for caregivers with 

such child-rearing difficulties reduces 

child-rearing stress and improves 

child-rearing skills. Although it is not 

fully clear whether the training is 

effective in improving the decline in 

nurturing brain function, a limited 

number of brain studies23) have 

reported that parental training 

improves nurturing brain function. 

 In a recent brain study21) , 

functional magnetic resonance imaging 

(fMRI) was used to examine the stress 

vulnerability of the neural substrates 

involved in social competence in 

healthy caregivers (mothers) of 
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preschool-aged children. In the fMRI 

experiment, the target caregivers were 

asked to perform a social competence 

task in which they had to guess the 

feelings of others, either adults or 

children. The caregivers were 

presented with a photograph of an 

adult or a child as an experimental 

condition, and were asked to guess the 

emotional state expressed by the 

person in the photograph and to choose 

an emotional word to answer the 

question. In the control condition, the 

participants were asked to judge the 

gender of the person in the photo and to 

choose a gender word as their answer. 

Based on the difference in brain 

activity between the experimental and 

control conditions, the activity values of 

brain regions selectively involved in the 

ability to infer the feelings of others 

were estimated, and the correlation 

between these values and indicators of 

depressive tendencies such as the 

depressed mood of caregivers was 

analyzed. The results showed that 

caregivers with higher depressive 

tendencies showed more decreased 

activity in the right inferior frontal 

gyrus, which is involved in the ability to 

guess the feelings of adults, but no 

decrease in activity in the brain region 

involved in the ability to guess the 

feelings of children (Fig. 4). Neither 

task performance (e.g., percentage of 

correct answers) was correlated with 

depressive tendency, nor did it decrease. 

The cognitive-behavioral index of the 

ability to infer the feelings of adults 

was maintained in the accumulation of 

mental fatigue in caregivers in the 

healthy upbringing stage (but not in 

depression), but the activity of the right 

inferior frontal gyrus, which is part of 

the neural infrastructure involved in 

this ability as a functional index of the 

brain, was reduced. It can be said that 

co-parenting with surrounding adults 

in a nurturing environment prevents 

child-rearing isolation and reduces 

burden and anxiety, but phenomena 

such as a decline in social brain 

function associated with an increase in 

depressive tendencies are not only 

signs that precede the severity of the 

caregiver's own mental fatigue (e.g., 

depression), but are also signs of 

interpersonal problems with 

surrounding adults (e.g., emotional 

problems). This is a sign that can lead 

to problems in interpersonal 

relationships with the adults around 

them (e.g., emotional conflicts), and can 

contribute to the development of 

preventive indicators of child-rearing 

difficulties and disorders. If such 

research and development progress, it 

will be possible not only for caregivers 

to become aware of their own emotional 

exhaustion in the process of developing 

relationships between caregivers and 

children, but also for caregivers to 
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share their emotional exhaustion 

objectively and quantitatively with 

surrounding supporters, leading to the 

prevention of isolation and difficulties 

in child-rearing. 

 In recent years, the development of 

biomarkers for psychiatric disorders 

using brain function measurement 

techniques such as fMRI has been 

rapidly progressing in conjunction with 

interdisciplinary collaborations with 

computational neuroscience and other 

fields, but according to a recent 

report37) , the scope of this research 

has been largely limited to the 

development of diagnostic models. For 

example, research on the development 

of brain function indices (preventive 

models) that predict the severity of 

depressive tendencies in caregivers 

(prodromal state of depression) is 

limited to a few percent, and further 

progress in the development of 

preventive models that can detect and 

respond to mental disorders and 

related social adjustment difficulties 

(child-rearing difficulties, etc.) at an 

early stage is desired. In the future, a 

deeper understanding of the 

mechanisms of nurturing brain 

functions and further research on the 

prevention of and intervention support 

for nurturing difficulties and associated 

declines in nurturing brain functions 

will lead to a change in methodology for 

supporting caregivers and will make it 

possible to construct support programs 

that meet diverse needs, including 

individual differences in nurturing 

abilities. This will lead to 

methodological changes in supporting 

caregivers and enable the development 

of support programs that meet diverse 

needs, including individual differences 

in nurturing abilities. The development 

of basic and applied multidisciplinary 

research, including brain science 

research, for supporting caregivers and 

its application to society will lead to the 

updating of the awareness and 

attitudes of all members of the 

community, including child-rearing 

supporters, toward child-rearing, and 

create an environment in which 

caregivers can rely on and consult with 

all members of the community for the 

care of their children. It is hoped that 

this will lead to the creation of an 

environment where caregivers can rely 

on and consult with others in the 

community for the care of their children. 

 

Conclusion. 

 In this article, we have reviewed the 

effects of abusive experiences on brain 

development as one type of ACE from 

the perspective of neuroscience and 

neuroscience research that leads to 

support for caregivers, but the 

corresponding relationships have not 

yet been systematically clarified. In 

order to scientifically understand the 
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effects of ACE on brain development, it 

is necessary to consider brain 

development from the perspective of 

"ecophenotype.) Neuropsychiatric 

symptoms associated with child abuse 

may include hyperactivity, impulsivity, 

and difficulties with emotional control, 

which are similar to the traditional 

criteria for neurodevelopmental 

disorders. The neurological basis and 

genetic background of a patient with a 

psychiatric disorder who has a history 

of severe abuse in childhood should be 

different from that of a patient with the 

same diagnosis who has no history of 

abuse. Developmental problems in the 

context of child abuse are associated 

with younger age of onset, poorer 

course, more multiple diagnoses, and 

slower response to initial treatment. 

Awareness of these differences would 

increase the overall effectiveness of 

treatment and promote basic biological 

research in psychopathology. The 

"ecological phenotype" is based on this 

idea. While adaptation to the 

environment is an essential strength 

for children to survive, the impact of 

the environment on children is 

significant. In order to protect the 

physical and mental health of children, 

who will be the leaders of the next 

generation, and to promote their better 

development, treatment and support 

based on scientific evidence of brain 

development will become increasingly 

important in the future. 

 There are no conflicts of interest to be 

disclosed in relation to this paper. 

 

 

 

 

References 

1) Andersen, S. L., Tomoda, A., 

Vincow, E. S., et al.: Preliminary 

evidence for sensitive periods in the 

effect of childhood sexual abuse on 

regional brain development. J 

Neuropsychiatry Clin Neurosci, 20 

(3); 292-301, 2008 

 

2) Bick, J., Nelson, C. A.: Early 

adverse experiences and the 

developing brain. 

Neuropsychopharmacology, 41 (1); 

177-196, 2016 

 

3) De Bellis, M. D., Hooper, S. R., 

Spratt, E. G., et al.: 

Neuropsychological findings in 

childhood neglect and their 

relationships to pediatric PTSD. J Int 

Neuropsychol Soc, 15 (6); 868-878, 

2009 

 

4) Dennison, M. J., Sheridan, M. A., 

Busso, D. S., et al.: Neurobehavioral 

markers of resilience to depression 

amongst adolescents exposed to child 

abuse. J Abnorm Psychol, 125 (8); 



 

11 

Copyright: ©The Japanese Society of Psychiatry and Neurology and Author 

1201-1212, 2016 

 

5) Etkin, A., Egner, T., Kalisch, R.: 

Emotional processing in anterior 

cingulate and medial prefrontal 

cortex. Trends Cogn Sci, 15 (2); 85-93, 

2011 

 

6) Felitti, V. J., Anda, R. F., 

Nordenberg, D., et al.: Relationship 

of childhood abuse and household 

dysfunction to many of the leading 

causes of death in adults. The 

Adverse Childhood Experiences 

(ACE) Study. Am J Prev Med, 14 (4); 

245-258, 1998 

 

7) Fujisawa, T. X., Shimada, K., 

Takiguchi, S., et al.: Type and timing 

of childhood maltreatment and 

reduced visual cortex volume in 

children and adolescents with 

reactive attachment disorder. 

Neuroimage Clin, 20; 216-221, 2018 

 

8) Gilmore, J. H., Knickmeyer, R. C., 

Gao, W.: Imaging structural and 

functional brain development in early 

childhood. Nat Rev Neurosci, 19 (3); 

123-137, 2018 

 

9) Gingnell, M., Bannbers, E., Moes, 

H., et al.: Emotion reactivity is 

increased 4-6 weeks postpartum in 

healthy women: a longitudinal fMRI 

study. PLoS One, 10 (6); e0128964, 

2015 

 

10) Hanson, J. L., Nacewicz, B. M., 

Sutterer, M. J., et al.: Behavioral 

problems after early life 

stress:contributions of the 

hippocampus and amygdala. Biol 

Psychiatry, 77 (4); 314-323, 2015 

 

11) Hart, H., Rubia, K.: 

Neuroimaging of child abuse: a 

critical review. Front Hum Neurosci, 

6; 52, 2012 

 

12) Hein, T. C., Monk, C. S.: Research 

Review: Neural response to threat in 

children, adolescents, and adults 

after child maltreatment: a 

quantitative meta-analysis. J Child 

Psychol Psychiatry, 58 (3); 222-230, 

2017 

 

13) Laurent, H. K., Ablow, J. C.: A 

cry in the dark: depressed mothers 

show reduced neural activation to 

their own infant's cry. Soc Cogn 

Affect Neurosci, 7 (2); 125-134, 2012 

 

14) Morey, R. A., Haswell, C. C., 

Hooper, S. R., et al.: Amygdala, 

hippocampus, and ventral medial 

prefrontal cortex volumes differ in 

maltreated youth with and without 

chronic posttraumatic stress disorder. 

Neuropsychopharmacology, 41 (3); 



 

12 

Copyright: ©The Japanese Society of Psychiatry and Neurology and Author 

791-801, 2016 

 

15) Nelson, C. A. 3rd, Zeanah, C. H., 

Fox, N. A., et al.: Cognitive recovery 

in socially deprived young children: 

the Bucharest Early Intervention 

Project. Science, 318 (5858); 

1937-1940, 2007 

 

16) Paquola, C., Bennett, M. R., 

Lagopoulos, J.: Understanding 

heterogeneity in grey matter 

research of adults with childhood 

maltreatment: a meta-analysis and 

review. Neurosci Biobehav Rev, 69; 

299-312, 2016 

 

17) Pollak, S. D., Kistler, D. J.: Early 

experience is associated with the 

development of categorical 

representations for facial expressions 

of emotion. Proc Natl Acad Sci U S A, 

99 (13); 9072-9076, 2002 

 

18) Pollak, S. D., Nelson, C. A., 

Schlaak, M. F., et al.: 

Neurodevelopmental effects of early 

deprivation in postinstitutionalized 

children. Child Dev, 81 (1); 224-236, 

2010 

 

19) Rao, U., Chen, L. A., Bidesi, A. S., 

et al.: Hippocampal changes 

associated with early-life adversity 

and vulnerability to depression. Biol 

Psychiatry, 67 (4); 357-364, 2010 

 

20) Shimada, K., Takiguchi, S., 

Mizushima, S., et al.: Reduced visual 

cortex grey matter volume in 

children and adolescents with 

reactive attachment disorder. 

Neuroimage Clin, 9; 13-19, 2015 

 

21) Shimada, K., Kasaba, R., 

Fujisawa, T. X., et al.: Subclinical 

maternal depressive symptoms 

modulate right inferior frontal 

response to inferring affective mental 

states of adults but not of infants. J 

Affect Disord, 229; 32-40, 2018 

 

22) 島田浩二, 笠羽涼子, 矢尾明子ほ

か: 脳機能画像法を用いた子どもと親の

こころの脳科学研究の動向. 小児科, 59 

(7); 969-976, 2018 

23) Swain, J. E., Ho, S. S., 

Rosenblum, K. L., et al.: Parent-child 

intervention decreases stress and 

increases maternal brain activity and 

connectivity during own baby-cry: An 

exploratory study. Dev Psychopathol, 

29 (2); 535-553, 2017 

 

24) Takiguchi, S., Fujisawa, T. X., 

Mizushima, S., et al.: Ventral 

striatum dysfunction in children and 

adolescents with reactive attachment 

disorder: functional MRI study. 



 

13 

Copyright: ©The Japanese Society of Psychiatry and Neurology and Author 

BJPsych Open, 1 (2); 121-128, 2015 

 

25) Teicher, M. H., Anderson, C. M., 

Polcari, A.: Childhood maltreatment 

is associated with reduced volume in 

the hippocampal subfields CA3, 

dentate gyrus, and subiculum. Proc 

Natl Acad Sci U S A, 109 (9); 

E563-572, 2012 

 

26) Teicher, M. H., Anderson, C. M., 

Ohashi, K., et al.: Childhood 

maltreatment: altered network 

centrality of cingulate, precuneus, 

temporal pole and insula. Biol 

Psychiatry, 76 (4); 297-305, 2014 

 

27) Teicher, M. H., Samson, J. A., 

Anderson, C. M., et al.: The effects of 

childhood maltreatment on brain 

structure, function and connectivity. 

Nat Rev Neurosci, 17 (10); 652-666, 

2016 

 

28) Thompson-Booth, C., Viding, E., 

Mayes, L. C., et al.: Here's looking at 

you, kid: attention to infant 

emotional faces in mothers and 

non-mothers. Dev Sci, 17 (1); 35-46, 

2018 

 

29) Tomoda, A., Navalta, C. P., 

Polcari, A., et al.: Childhood sexual 

abuse is associated with reduced gray 

matter volume in visual cortex of 

young women. Biol Psychiatry, 66 (7); 

642-648, 2009 

 

30) Tomoda, A., Suzuki, H., Rabi, K., 

et al.: Reduced prefrontal cortical 

gray matter volume in young adults 

exposed to harsh corporal 

punishment. Neuroimage, 47 (Suppl 

2); T66-71, 2009 

 

31) Tomoda, A., Sheu, Y. S., Rabi, K., 

et al.: Exposure to parental verbal 

abuse is associated with increased 

gray matter volume in superior 

temporal gyrus. Neuroimage, 54 

(Suppl 1); S280-286, 2011 

 

32) Tomoda, A., Polcari, A., Anderson, 

C. M., et al.: Reduced visual cortex 

gray matter volume and thickness in 

young adults who witnessed domestic 

violence during childhood. PLoS One, 

7 (12); e52528, 2012 

 

33) 友田明美: 脳科学から見た児童虐

待 . トラウマティック・ストレス , 13 (2); 

125-133, 2015 

34) Wada, I., Igarashi, A.: The social 

costs of child abuse in Japan. Child 

Youth Serv Rev, 46; 72-77, 2014 

35) Whittle, S., Dennison, M., 

Vijayakumar, N., et al.: Childhood 

Maltreatment and Psychopathology 

Affect Brain Development During 

Adolescence. J Am Acad Child 



 

14 

Copyright: ©The Japanese Society of Psychiatry and Neurology and Author 

Adolesc Psychiatry, 52 (9); 940-952, 

2013 

 

36) Widom, C. S.: Posttraumatic 

stress disorder in abused and 

neglected children grown up. Am J 

Psychiatry, 156 (8); 1223-1229, 1999 

 

37) Woo, C. W., Chang, L. J., 

Lindquist, M. A., et al.: Building 

better biomarkers: brain models in 

translational neuroimaging. Nat 

Neurosci, 20 (3); 365-377, 2017 

 

38) Zeanah, C. H., Egger, H. L., 

Smyke, A. T., et al.: Institutional 

rearing and psychiatric disorders in 

Romanian preschool children. Am J 

Psychiatry, 166 (7); 777-785, 2009 

 

 

Fig. 1 Various effects of exposure to child maltreatment on brain volume. 

(Modified from ref. 33) 
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Fig. 2 Estimated variable importance of the effects of type and timing of 

maltreatment exposure on volume loss in the visual cortex. 

P<0.05, **P<0.001, FDR-corrected 

(Adapted from ref. 7) 

 

 

 

Figure 3: Progression and prevention model of parenting dysfunction. 

(Adapted from Reference 22) 
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Fig. 4 Brain regions recruited among mothers overall in response to the adult 

eyes-based and infant face-based mind-reading tasks (Right hemisphere) 

BDI-II: Beck Depression Inventory II 

(Adapted from Reference 21) 


