
Social Cognitive and Affective Neuroscience, 2020, 1004–1016

doi:10.1093/scan/nsaa134
Advance Access Publication Date: 30 September 2020
Original Manuscript

The personality dispositions and resting-state neural
correlates associated with aggressive children
Qingqing Li, Mingyue Xiao, Shiqing Song, Yufei Huang,
Ximei Chen, Yong Liu and Hong Chen
Key Laboratory of Cognition and Personality, Ministry of Education, Faculty of Psychology, Southwest
University, Chongqing, China

Correspondence should be addressed to: Hong Chen, Key Laboratory of Cognition and Personality, Ministry of Education, Faculty of Psychology,
Southwest University, Tiansheng Road No.2, Beibei District, Chongqing, China. E-mail: chenhswu@163.com

Abstract

Despite aggression being detrimental to children’s physical health, mental health and social development, the dispositional
and neurological antecedents of aggression in the child are poorly understood. Here we examined the relationship between
trait aggression as measured by Buss and Warren’s Aggression Questionnaire and personality traits measured with Big Five
Questionnaire for Children in 77 primary-school children and recorded resting-state brain activity (fractional amplitude of
low-frequency fluctuations [fALFF]) and resting-state functional connectivity (rsFC) using functional magnetic resonance
imaging. The present results showed that trait aggression was negatively correlated with agreeableness and positively corre-
lated with neuroticism. The brain analyses showed that children with a higher propensity for aggression had a lower fALFF
mainly in the left superior temporal gyrus, right parahippocampal gyrus and left supramarginal gyrus. Physical and total
aggressions were negatively associated with rsFC between the right parahippocampal gyrus and the right putamen. Further
analysis revealed that this rsFC could moderate the influence of neuroticism on total aggression. Moreover, the results sug-
gest the presence of a sex difference in the neurodevelopmental mechanisms underlying aggression in middle childhood.
Overall, our findings indicate that aggressive children have lower agreeableness and higher neuroticism, and the underlying
neural systems are mainly implicated in social judgment and empathy.
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Introduction

Aggression generally means actions intended to cause phys-
ical or psychological harm to another individual—an innate
and evolutionarily conserved adaptation in social organisms
for the protection of food, mating partners, progeny and ter-
ritory (Anderson, 2012). Although aggression can yield com-
petitive advantages, most forms of aggression in contemporary
humans are maladaptive and produce a variety of negative
social, physical and emotional consequences for perpetrators,

victims and their families (Quanty, 2010; Beck et al., 2013; Dolenc
et al., 2015; Coccaro et al., 2016).

Middle childhood is a period of dramatic advances in social,
biological and cognitive functioning with significant develop-
mental changes (Beauchaine, 2015; Woltering et al., 2016).
It is also a critical time in the developmental trajectory of
aggression (Piquero et al., 2012). Aggressive behaviors such as
verbal aggression, interpersonal hostility and physical fight-
ing are prevalent during childhood (Séguin and Zelazo, 2005).
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Arsenio and Lemerise (2001) indicated that aggressive children
usually lack emotional and empathic responsiveness toward
their victims. Studies on the association between empathy and
aggression have shown that boys (i.e. 9–14 years of age) exhibit
higher levels of aggression and lower empathy than do girls
(Mayberry and Espelage, 2007; Malti et al., 2009; Rieffe et al., 2016).
Moreover, to avoid sanctions by adults against overt aggression
(i.e. direct threatening or physical hitting), children will adopt
more subtle forms of aggression. For example, indirect and hos-
tile behaviors such as rumor spreading or social exclusion are
often used to harm others by threatening the peer relationship.
Previous studies also suggest that boys and girls may differ in
the subtypes of aggression that they utilize. Evidence shows
that boys are more likely to use physical and overt aggression
whereas girls tend to use relational aggression (Cote et al., 2007;
Fite et al., 2014). However, some studies find no sex difference
in aggression (Archer, 2004; Card et al., 2008). Obviously, these
behaviors seriously affect children’s physical health, mental
health, academic progress and social adaptation (Heilbron and
Prinstein, 2008; Wang et al., 2009). Although aggressive behav-
iors tend to decrease with age, a certain number of children
retain cognitive and behavioral patterns of aggression that con-
tinue through the teen years and into adulthood. Investigation
of the dispositional and neurological underpinnings of aggres-
sion is likely to enhance our understanding of this maladap-
tive process and guide the formulation of effective prevention
and intervention programs (Horton et al., 2014; Thomson and
Centifanti, 2017).

Differences in aggression in children are generally attributed
to individual characteristics (e.g. neurobiological substrates,
personality) and environmental influences (e.g. parenting style,
exposure to violent media). Personality traits comprise the
relatively stable pattern of an individual’s typical emotions,
attitudes and behaviors and have been considered the key pre-
dictive variables of aggression (Anderson and Huesmann, 2003;
Jensen-Campbell et al., 2007; Anderson, 2012; Brees et al., 2014).
Neuroticism, characterized as being easily upset and emotion-
ally unstable, is positively related to anger and aggressive behav-
iors (Sharpe and Desai, 2001; Brees et al., 2014). Agreeableness,
described as being good-natured, altruistic, trustful, sympa-
thetic, and cooperative, is negatively related to self and peer-
reported aggression and violence (Heaven, 1996; Gleason et al.,
2004). Evidence from research on early and middle children has
shown that high neuroticism and low agreeableness are closely
associated with a propensity for aggression, including the sub-
types of anger, relational and physical aggression and hostility
(Goldberg, 2001; Shiner and Caspi, 2003). Gleason et al. (2004)
linked the personality dimensions to aggression and found that
agreeableness was negatively associated with both indirect and
direct aggression in late childhood. Moreover, personality traits
have been shown to moderate the associations between envi-
ronmental influences and externalizing behaviors represented
by aggressive behaviors (Yeh et al., 2011; Smack et al., 2015).
Smack et al. (2015) indicate that in the context of negative par-
enting, children with high neuroticism and low agreeableness
show higher rates of externalizing problem behaviors than do
their low-neuroticism counterparts.

In addition to exploring personality traits, uncovering neu-
ral correlates is of great significance for understanding the
occurrence and development of aggression. The neural basis of
aggression has been investigated extensively both in humans
and in non-human species (Nelson and Trainor, 2007). Func-
tional and structural neuroimaging studies show that the biolog-
ical mechanisms underlying aggressive behavior involve various

regions andmultiple neural pathways distributed in cortical and
subcortical brain structures (Raine and Yang, 2006). The brain
regions most important in executing and regulating aggression
are the frontal and prefrontal areas, which functionally support
executive and affective control (Kateri et al., 2010; Florian et al.,
2011; Mckenna et al., 2017), empathy (Stuss et al., 2001) and emo-
tional regulation (Bufkin and Luttrell, 2005; Hedy et al., 2008;
Koenigsberg et al., 2010). Another region important for aggres-
sion is the temporal cortex, which was found to be reliably acti-
vated in emotional processing and regulation (Allison et al., 2000;
Marie-Hélène and Tomás, 2006), in empathy (Carrington and
Bailey, 2009), and in social cognition (Koenigsberg et al., 2011).
Aggression is also associated with dysregulation of a cortico-
limbic network (Davidson et al., 2000; Siever, 2015; Klasen et al.,
2019). Specifically, the functioning of the prefrontal cortex-
amygdala regulatory system seems to be central to successfully
restraining impulsive aggression (Hoptman et al., 2010a). Aggres-
sion generally appears to involvemany brain areas and cognitive
functions, but these results are mainly derived from adoles-
cent and adult samples. The present research aims to explore
the relative importance of brain regions in regulating aggression
among children.

Theoretical and empirical research suggests that the devel-
opment of aggression is influenced by different factors at dif-
ferent growth stages. The Dual Systems Model (Steinberg, 2008)
posits an imbalance between the development of the cognitive
control system and that of the socioemotional system. Cognitive
control depends on the maturity of the frontal and prefrontal
cortices, and the development of these areas is slow, contin-
uing into late adolescence (Casey et al., 2012; Duckworth and
Steinberg, 2015; Meisel et al., 2019). Neuroimaging studies also
indicate that children are more prone to interference and have
greater difficulty in inhibiting inappropriate responses than do
adults (Casey et al., 2000; Bunge et al., 2002). This deficient func-
tioning of inhibitory control in children is mainly due to the
immaturity of the frontal regions (Nitin et al., 2004; Casey et al.,
2008; Laurence, 2010). Compared with the slowly developing
cognitive control system, the socioemotional system, involv-
ing primary sensory cortices and the limbic subcortical regions,
develops earlier and regulates impulsive behavior during early
development (Mills et al., 2014; Shulman et al., 2016; Meisel et al.,
2019). The superior temporal gyrus (STG) and supramarginal
gyrus (SMG) of the socioemotional system are specifically impli-
cated in social cognition and empathy (Gallagher and Frith, 2004;
Koenigsberg et al., 2010; Grecucci et al., 2013; Göttlich et al., 2017)
and have been found to be associated with aggressive impulsive
behavior in children. Based on the Dual Systems Model and the
development of aggression, we inferred that in the group of chil-
dren, the neural correlates of the socioemotional system might
play a relatively dominant role in establishing a propensity for
aggression.

Despite the wealth of neuroimaging studies on aggression
in adults and adolescents, to our knowledge, few studies
have addressed the neural substrates of aggression in chil-
dren, especially with the technique of resting-state functional
magnetic resonance imaging (rsfMRI). Previous research has
used mostly task-related functional magnetic resonance imag-
ing (fMRI) designs to investigate the neurobiological substrates
of individual aggression. However, based on the existing evi-
dence, stable individual differences in personality are more
clearly manifested in the overall brain structure and function.
Thus, task-free designs may be advantageous for examining the
brain bases of aggression (Telzer et al., 2018; Water et al., 2019).
The rsfMRI is a reliable and frequently used task-free method of
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detecting intrinsic brain activity (Romero-Martínez et al., 2019).
The two most popular measures of rsfMRI are: (i) the fractional
amplitude of low-frequency fluctuations (fALFF), which reflects
the regional properties of spontaneous brain activity and (ii)
the resting-state functional connectivity (rsFC), which reflects
the synchronization and functional connections between brain
regions within specific neural circuits. Research has shown that
the physiological noise irrelevant to brain activity found by
the original ALFF approach is successfully suppressed with the
fALFF approach, suggesting that this measure has greater sen-
sitivity and specificity in detecting spontaneous brain activity
(Zou et al., 2008; Zuo et al., 2010). Previous studies have used
the fALFF and rsFC to detect a variety of neuropsychiatric disor-
ders (Han et al., 2011; Hoptman et al., 2010b) and to uncover the
neural mechanisms underlying human cognition, social behav-
ior and personality in healthy populations (Cox et al., 2011; Kong
et al., 2015; Wang et al., 2017). In light of the above findings, the
present study was designed to investigate the neural mecha-
nisms underlying aggression based on both the regional brain
activations indexed by fALFF and the functional connectivities
between brain regions indexed by rsFC.

In the present study, we examined, in primary-school chil-
dren, the relationships between personality traits and aggres-
sion, and the intrinsic brain activity and functional connec-
tivity associated with aggression. We hypothesized that in
children, aggression is negatively associated with agreeable-
ness and positively associated with neuroticism, and initially
expected that the neural correlates of aggression would be
found mostly in the temporal and limbic areas. We also
investigated the relationships among personality, brain mech-
anisms and trait aggression in this population. Considering
that previous research supports a role for sex differences in
aggression, we also examined behavior and imaging outcomes
by sex.

Methods

Participants

One hundred thirteen primary-school students (age ran-
ge 9–12 years, mean age=10.04±0.9 years, 49 girls) partic-
ipated in this study. All participants were from Chaoyang
Primary School in Chongqing, China. All participants were
right-handed, and none reported a history of psychiatric or
neurological illnesses. From the 113 participants in the neu-
roimaging protocol, 36 were excluded because of missing data
(n=9) or excessive head motion (n= 27). Excessive head motion
was defined as a maximal displacement>2.5 mm or a maximal
rotation>2.5 degrees throughout the course of the scan, accord-
ing to recent influential methodological rsFC study (Allen et al.,
2011; Liao et al., 2018). These exclusions yielded a final sample
of 77 participants (mean age=10.17±0.95 years, 42 girls). The
independent-sample t-test was used to assess the effect of attri-
tion (0=excluded, 1= remained), and no significant differences
were found neither in aggression types nor in personality traits
between those remained and those excluded (the Supplemen-
tary File). All participants and their parents signed the informed
consent document prior to the experiment and received an
honorarium at the end of the study. Ethical approval of this
study was granted by the Ethics Committee of the Southwest
University, and all procedures were in accordance with The
Code of Ethics of the World Medical Association (Declaration of
Helsinki).

Trait aggression

The 34-item form of Buss and Warren’s Aggression Question-
naire (BWAQ) was administered to evaluate participants’ trait
aggression (Buss and Perry, 1992; Maxwell, 2007). Each item was
answered on a 5-point Likert scale ranging from 1 (extremely
uncharacteristic ofme) to 5 (extremely characteristic ofme). The
questionnaire measured five constructs related to aggression:
physical aggression, verbal aggression, anger, hostility and indi-
rect aggression. The Chinese version of BWAQ has been widely
utilized and is reported to have good psychometric properties
(Maxwell, 2008). Weused this version and conducted a confirma-
tory factor analysis. The overall Cronbach’s α with the present
sample was 0.92, and the internal consistency estimates for the
5 subscales were 0.88, 0.60, 0.71, 0.73 and 0.66, respectively.

Personality traits

Measurement of personality traits used the Big Five Question-
naire for Children (BFQ-C) (Barbaranelli et al., 2003 2008), con-
sisting of 65 items that measure 5 personality traits, namely
extraversion, agreeableness, conscientiousness, neuroticism
and openness. The Chinese version of the BFQ-C has been
widely used and demonstrates adequate reliability and validity
(Zhou, 2015). Participants were required to rate each statement
on a 3-point Likert-type scale of 1 (disagree) to 3 (agree). The
overall Cronbach’s α with the present sample was 0.88, and
the internal consistency estimates for extraversion, agreeable-
ness, conscientiousness, neuroticism and openness were 0.62,
0.80, 0.72, 0.81 and 0.79, respectively, which indicated good
reliability.

rsfMRI data acquisition and preprocessing

Image acquisition. For each participant, an 8-min rsfMRI
scan was acquired in a 3T Trio scanner (Siemens Medical,
Erlangen, Germany). During scanning, each participant was
asked to remain still and relaxed, not to open his/her eyes
and not to think of anything deliberately. Foam pads and
earplugs were employed to reduce head motion and scan-
ning noise. We used a gradient echo planar imaging sequence
to obtain the resting-state functional image, with the follow-
ing parameters: repetition time=2000 ms, echo time=30 ms,
slices=33, slice thickness= 3.5mm, resolutionmatrix=64×64,
flip angle=90◦, field of view=224×224 mm2, slice gap=1
mm and voxel size=3.5×3.5×3.5 mm3. Each section con-
tained 180 volumes. In addition, high-resolution T1-weighted
structural images were acquired from all participants using the
same scanner with a 3D spoiled gradient-recalled sequence,
with the following parameters: repetition time=2530 ms, echo
time=3.48 ms, filed of view=256×256 mm2, flip angle=7◦,
resolutionmatrix=256×256, slices thickness=1mmand voxel
size=1×1×1 mm3. The latter images provided an anatomical
reference for the functional scans.

Image data preprocessing. The Data Processing Assistant for
rsfMRI (DPARSF; Yang et al., 2016) was used to preprocess the
image data in MATLAB (The Math Works, Inc., Natick, MA,
USA) platform. Preprocessing was conducted in the following
stages. The first six images were discarded to allow for partic-
ipant familiarization and fMRI signal stabilization. The remain-
ing 174 images were corrected for temporal shifts between
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slices, realigned to the middle volume and unwrapped to
correct for susceptibility-by-movement interaction. Then, each
fMRI images were registered to their segmented high-resolution
T1-weighted anatomical images; regressing nuisance variables
included six head motion parameters, white matter signal and
cerebral spinal fluid signal. Next, each image was normalized
to the Montreal Neurological Institute (MNI) template with a
resolution voxel size of 3×3×3 mm3 and smoothing with a
4-mm full width at half maximum of Gaussian kernel. Finally,
linear detrending and band-pass filtering (0.01–0.1 Hz) to dis-
card physiological noise drift fromscanner instabilities andhead
motion. Moreover, the frame-wise displacement (FD) was calcu-
lated as ameasure of headmotion andwas treated as a covariate
in subsequent data analysis.

Statistical analysis

fALFF-behavior correlation analysis. According to themethods
proposed by Zou et al. (2008), the time courses for each voxel
were first converted to the frequency domain, and then, the
square root of the power spectrum was computed and averaged
across the specified frequency range (0.01–0.1 Hz) in each voxel.
The fALFF was then computed as the sum of the amplitudes
across a low-frequency range (0.01–0.1 Hz) divided by the sum
of the amplitudes across the entire frequency range (0–0.25 Hz).
Subsequently, the normalized fALFF was obtained by dividing
the fALFF of each voxel by the global mean fALFF value. Cal-
culations were conducted using DPARSF software (Yang et al.,
2016).

To identify the brain regions showing spontaneous brain
activity related to aggression, we employed whole-brain correla-
tion analyses between the scores for the aggression constructs
and the fALFF values at each voxel in the brain, with sex, age and
mean FD as controlling covariates. To determine statistical sig-
nificance, the results were corrected for multiple comparisons
using the Gaussian random field (GRF) program, and the thresh-
old was set to a corrected cluster P<0.05 (single voxel P<0.005,
cluster size > 40 voxels). These analyses were conducted using
the DPABI software toolbox (http://rfmri.org/dpabi, version 2.3)
in MATLAB.

rsFC-behavior correlation analysis. We performed rsFC-
behavior correlation analyses to investigatewhether the clusters
identified through the fALFF-behavior analyses interacted with
other regions to explain aggression in children. To do so, seed
regions were created using the clusters with a significant rela-
tion to aggression. For each participant, we first averaged the
time series of all voxels in each seed. We then performed cor-
relation analyses between the mean time series in each seed
and that of other voxels in the brain, obtaining participant-level
correlation maps. For standardization purposes, the correlation
maps were normalized to z maps using Fisher’s r-to-z transfor-
mation. In the group-level analyses, we conducted correlation
analyses between the zmaps and the aggression scores to detect
any association between rsFC and aggression, with age and sex
as controlling variables. For multiple comparisons correction,
we used the GRF program with the threshold set to a corrected
cluster P<0.05 (single voxel P<0.005, cluster size > 100 voxels).
These analyses above were performed using DPABI software.

Moderation analysis. To determine whether the personality
traits of children affected aggression through resting-state brain

activity or connectivity, we carried out moderation analysis
using the PROCESSmacro (Hayes, 2013) in SPSS 22.0. In themod-
erating model, we treated the fALFF and rsFC of brain regions
as the moderating variables, agreeableness and neuroticism
as the independent variables, and aggression as the depen-
dent variable. The significance of the moderating effect was
assessed using a bootstrapping method with 5000 iterations. If
the 95% confidence interval (CI) did not contain zero, then the
moderating effect was deemed significant.

Results

Behavior

Table 1 lists the descriptive statistics and correlations of six
dimensions of aggression and five personality-trait constructs.
As shown in the table, the correlations indicate that agree-
ableness and neuroticism were significantly related to aggres-
sion. Notably, agreeableness was negatively correlated with
anger (P<0.01), hostility, total aggression and indirect aggres-
sion (ps<0.05). The neuroticism trait was positively correlated
with all dimensions of aggression (ps<0.01). In addition, consci-
entiousness was negatively correlated with anger (P<0.05).

Imaging

To reveal relationships between spontaneous brain activity and
aggression, we correlated different types of aggression with
the fALFF at each voxel in the brain. After adjusting for sex,
age and FD, the results showed a network of activation pri-
marily comprising the temporal, parietal and paralimbic areas
(Table 2, Figure 1). In detail, anger was negatively related to the
fALFF in the left STG (r=−0.519, P<0.0001), and indirect aggres-
sion was located in the SMG (r=−0.528, P<0.0001) extending
into the post-central gyrus. The activation of physical aggres-
sion involved the parahippocampal gyrus (PHG) (r=−0.483,
P<0.0001) extending into the temporal pole. Another cluster of
physical aggression was found in the STG (r=−0.682, P<0.0001)
extending into the insula. Verbal aggression was negatively
related to activation in the left STG (r=−0.55, P<0.001). For total
aggression, the activated region involved the STG (r=−0.616,
P<0.0001) extending to the insula.

Moreover, a further FC analysis employed the activation
peaks determined in the correlation results as seed regions,
with connectivity changes being calculated between all pairs of
seed regions (Figure 2). With the right PHG as the seed region,
decreased functional connectivity with the right putamen was
found to be significantly associated with physical aggres-
sion (r=−0.376, P<0.001) and total aggression (r=−0.404,
P<0.0001).

Moderating model analyses

Here we examined whether right PHG-right putamen functional
connectivity moderated the relationship between neuroticism
and aggression. After controlling for sex and age, 5000 bootstrap
simulations showed a significant main effect of neuroticism
(F [5, 71]=7.17, P<0.001) and an interaction effect of neuroti-
cism×PHG-putamen connectivity (F [1, 71]=6.90, P<0.05) on
total aggression. Specifically, neuroticism showed a significant
positive association with total aggression (B=0.48, SE=0.10,
t=4.94, P<0.01, 95% CI= [0.29, 0.68]). The neuroticism×PHG-
putamen connectivity interaction was a significant negative
association on total aggression (B=−0.26, SE=0.10, t=−2.63,

http://rfmri.org/dpabi
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Table 1. Descriptive statistics and inter-correlations between aggression types and personality constructs (N=77)

Vars M s.d. 1 2 3 4 5 6 7 8 9 10 11 12

Sex - - -
Ver 12.74 3.42 0.077 -
Phy 13.61 5.69 0.077 0.376** -
Ang 14.49 5.29 0.063 0.286** 0.589** -
Hos 16.6 6.18 −0.080 0.376** 0.342** 0.589** -
Ind 11.43 3.83 0.185 0.392** 0.598** 0.548** 0.542** -
Total 68.87 18.7 0.067 0.585** 0.777** 0.823** 0.783** 0.794** -
Ext 31.31 3.83 −0.006 0.068 −0.021 −0.004 −0.017 −0.07 −0.002 -
Agr 33.57 4.12 0.045 0.047 −0.177 −0.319** −0.231* −0.179 −0.249* 0.568** -
Con 31.97 4.11 0.031 0.047 −0.148 −0.245* −0.174 −0.215 −0.208 0.511** 0.681** -
Neu 21.91 4.92 0.086 0.378** 0.388** 0.434** 0.426** 0.298** 0.513** 0.045 −0.242* −0.227* -
Ope 31.99 4.68 0.047 0.047 −0.091 −0.089 −0.099 −0.096 −0.097 0.686** 636** 0.713** −0.027 -

M, mean; s.d., standard deviation; Var, variables.
Vermeans verbal aggression; Phy, physical aggression; Ang, anger; Hos, hostility; Ind, indirect aggression; Tot, the aggression summation of each type; Ext, extraversion;
Agr, agreeableness; Con, conscientiousness; Neu, neuroticism; Ope, openness.
*P<0.05, **P<0.01.

Table 2. Brain regions where fALFF and rsFC were associated with different types of aggression

MNI coordinates

Aggression Region Cluster size BA x y z R

Correlation with fALFF
Anger STG(L) 45 22 −54 −12 6 −0.408
Indirect SMG(L) 83 40 −51 −24 15 −0.497
Physical PHG(R) 44 28 24 6 −27 −0.399

STG(L) 239 42 −60 −12 9 −0.495
Verbal STG(L) 52 42 −60 −12 9 −0.412
Total STG(L) 184 42/22 −48 −24 12 −0.464

Correlation with rsFC
Physical PHG-Putamen 174 47 24 15 3 −0.423
Total PHG-Putamen 107 48 24 12 0 −0.414

The threshold for significant regions was set at P<0.05 at the cluster level, combined with P<0.005 at the voxel level (GRF program for the regions of fALFF analyses:
cluster size 40 voxels; for the regions of RSFC analyses: cluster size 100 voxels).
BA, Brodmann area; L, left; R, right.

Fig. 1. Brain region linked with various types of aggression after adjusting for age, sex and FD. Total aggression was negatively associated with the fALFF in the left

STG; physical aggression was negatively associated with the fALFF in the right PHG; indirect aggression was negatively associated with the fALFF in the left SMG.

P<0.05, 95% CI= [−0.46,−0.06]), which revealed a moderating
effect of the right PHG-right putamen connectivity on the rela-
tionship between neuroticism and aggression. We then cal-
culated the conditional direct effect based on the moderator

values to further examine themoderating effect on neuroticism.
The results showed in the Figure 3, for the group with low
PHG-putamen connectivity (one s.d. below the mean), a sig-
nificant positive relationship between neuroticism and total
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Fig. 2. Functional connectivity linked with total aggression after adjusting for

age, sex and FD. Total aggressionwas negatively associatedwith the connectivity

between the right PHG and right putamen.

Fig. 3. The right PHG-putamen connectivity moderates the association between

neuroticism and total aggression. FC, functional connectivity of the right PHG-

putamen.

aggression (B=0.75, SE=0.13, t=5.58, P<0.01, 95% CI= [0.52,
1.10]). However, for the group with high PHG-putamen con-
nectivity (one s.d. above the mean), this relationship was not
significant (B=0.22, SE=0.15, t=1.50, P>0.05, 95% CI= [−0.07,
0.51]). These results suggested that the influence of neuroticism
on aggression might be moderated by the rsFC of the right PHG-
right putamen, such that weaker PHG-putamen connectivity
was associated with higher aggression.

Group analysis based on sex

Given the presence of sex differences in child aggression, we
conducted further behavioral correlation and imaging analy-
sis based on sex. The correlation results (Supplementary File)
showed that the associations between aggression and personal-
ity traits in boys and girls were consistentwith the results for the
whole group. After adjusting for age and FD, the results for girls
showed that indirect aggression and total aggression were neg-
atively related to the fALFF in the SMG (r=−0.563 and−0.632,
ps< 0.0001) (Table 3, Figure 4). Moreover, a further rsFC analysis
indicated that with the SMG as the seed region, decreased func-
tional connectivity with the left STGwas significantly associated
with indirect aggression (r=−0.602 and−0.604, ps < 0.0001)
(Figure 5).

The results for boys showed that physical aggression was
negatively related to the fALFF in the post-central (r=0.657,
P<0.0001) and pre-central gyrus (r=0.682, P<0.0001) (Table 4,
Figure 6). Moreover, a further rsFC analysis indicated that with
the pre-central gyrus as the seed region, decreased functional
connectivity with the left angular gyrus was significantly asso-
ciated with physical aggression (r=−0.627, P<0.0001) (Figure 7).

Discussion

The present study aimed to investigate the relevance of per-
sonality and neuroanatomical factors for aggression in middle
children. Aggression was negatively correlated with agreeable-
ness and positively correlated with neuroticism. The whole-
brain correlation analyses showed that higher aggression was
linked to lower fALFF in the left temporal lobe including the
STG, temporal pole and limbic area including the right PHG, the
insula and the SMG in the left parietal lobe. Moreover, we found
that physical and total aggressions were negatively associated
with the rsFC between the right PHG and the right putamen.
Analysis of the moderation effect of brain connectivity revealed
that this right PHG-right putamen connectivity could moderate
the influence of neuroticism on total aggression. In addition, no
sex difference was found in the preferred subtypes of aggres-
sion. Moreover, imaging results showed that in girls, a lower
fALFF in the SMG and a decreased SMG-STG connectivity were
associated with higher indirect aggression, whereas in boys, a
lower fALFF in the pre-central gyrus and post-central gyrus and a
decreased rsFC between the pre-central gyrus and angular gyrus
were associated with higher physical aggression.

Existing evidence suggests that neuroticism and agreeable-
ness are the important predictors of aggressive behavior (Sharpe
and Desai, 2001; Anderson, 2012; Brees et al., 2014). Consistent
with previous findings, the present results showed that trait
aggression is negatively correlated with agreeableness and pos-
itively correlated with neuroticism in middle children. Specifi-
cally, children with high levels of neuroticism had high scores
in all aggression subtypes (verbal, physical, anger, etc.), and
children with high levels of agreeableness reported lower anger,
hostility and total aggression. Research has shown that chil-
dren with high agreeableness have greater perspective-taking
ability and empathic concern (Melchers et al., 2016) and tend
to behave communally to reduce interpersonal conflict and
maintain intragroup cooperation (Graziano et al., 1996; Moora-
dian et al., 2011), thus showing a low level of aggression
propensity. Studies also indicate that children with high neu-
roticism tend to fall apart under stress, show greater con-
cern about acceptance, become flustered and disorganized and
experience more negative emotion such as anxiety, fearfulness
and insecurity (Goldberg, 2001; Shiner and Caspi, 2003). When
encountering problems, neurotic children easily become frus-
trated and upset and have difficulty calming themselves. These
maladjusted psychological and social functions in children with
neuroticism possibly activate and aggravate aggressivemanifes-
tations.

Previous studies have revealed an anatomically widespread
neurological mechanism of aggression. Historically, the tempo-
ral lobe was the second major brain area to be associated with
antisocial and aggressive behavior (Raine and Yang, 2006). The
present results on the resting brain activity underlying aggres-
sion in children mostly implicate the left temporal regions.
Neuroimaging studies show that the temporal cortex plays an
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Table 3. Brain regions where fALFF and rsFC were associated with different types of aggression in girl (N=42)

MNI coordinate

Aggression Region Cluster size BA x y z R

Correlation with fALFF
Indirect SMG(L) 60 40 −51 −24 15 −0.627
Total SMG(L) 59 40 −51 −24 15 −0.626

Correlation with rsFC
Indirect SMG-STG(R) 162 22 48 3 −9 −0.612
Indirect SMG-STG(R) 157 22 45 0 −9 −0.604

Notes: The threshold for significant regions was set at P<0.05 at the cluster level, combined with P<0.005 at the voxel level based on GRF program.
BA, Brodmann area; L, left; R, right.

Fig. 4. Brain region linked with aggression type after adjusting for age and FD.

Total and indirect aggressions were negatively associated with the fALFF in the

left SMG.

Fig. 5. Functional connectivity linked with aggression type after adjusting for

age and FD. Total and indirect aggressions were negatively associated with the

connectivity between the left SMG and right STG.

important role in linking sensory experiences to emotions, and
its dysfunction might trigger impulsive responses and aggres-
sion (Bufkin and Luttrell, 2005). More specifically, Koenigsberg
et al. (2011) asked subjects to apply reappraisal strategies to
regulate emotions associated with both social and non-social
situations. They found that pictures depicting social content
activated the STG areas, which are likely involved in social
cognition. Moreover, increased activity in the STG was also
reported in tasks involving social judgment such as attribut-
ing mental states (Grecucci et al., 2013; Buadesrotger et al.,
2016) and thinking about the intentions of others (Schultz et al.,
2003; Gallagher and Frith, 2004). Previous studies also indi-
cate that maladaptive social information processing in children
aged 10 to 12 years is associated with aggressive responses
and hostile attributional bias in negative social situations (Choe
et al., 2015). Additionally, clinical studies have documented that
aggressiveness in patients with psychiatric disorders is related

to functional and structural abnormalities in the temporal
cortex (Raine et al., 2010; Amen et al., 2011) and in the STG
(Goldstein et al., 2009; Sun et al., 2009). Thus, deactivation of
the left STG may be related to impaired social judgment in
aggressive children.

The present study also implicated clusters covering the SMG,
temporal pole, and insula in child propensity for aggression.
Previous studies revealed the SMG to be an important hub in
the perception of socio-affective stimuli (Göttlich et al., 2017),
in overcoming emotional egocentricity bias in social situations
(Silani et al., 2013; Klasen et al., 2018), and in functionally
supporting empathy (Shamay-Tsoory, 2011; Coll et al., 2017).
Heberlein et al. (2004) found that the SMG is involved in observ-
ing gestures and in evaluating the emotions conveyed by socially
significant interactions. This indicated that the SMG might play
a role complementary to that of the mirror neuron system by
providing access to the meaning of observed actions (Gros-
bras and Paus, 2005). Moreover, dysfunctions of the temporal–
parietal junction, which encompass the SMG, have been shown
to contribute to aggressive behavior (Harenski et al., 2014; Klasen
et al., 2018). The engagement of the insula and the temporal pole
is consistently reported in studies of the experience of emotion
(Marie-Hélène and Tomás, 2006; Coccaro et al., 2011) and empa-
thy (Carrington and Bailey, 2009; Philipp and Christina, 2009;
Bernhardt and Singer, 2012).

Taken together with the STG results, regions of resting activ-
ity including the SMG, temporal pole and insula are important
neurological mechanism of empathy (Frith and Tania, 2008;
Overwalle and Baetens, 2009; Shamay-Tsoory, 2011). Empathy
is the capacity to identify and understand another’s thoughts,
intentions and emotional states and has been proposed as
a potential inhibitor of aggression (Feshbach, 1975; Hoffman,
2001). Empathy can promote pro-social behavior such as helping
(Warden and Mackinnon, 2003; Eggum et al., 2011) and prevent
antisocial behavior such as aggression and delinquency (Miller
and Eisenberg, 1988; Jolliffe and Farrington, 2004). Research on
aggression in child and adolescent samples has emphasized the
role of empathy (Lovett and Sheffield, 2007; Pascualsagastiza-
bal et al., 2019). Previous studies have shown that empathy is
negatively associated with aggression in childhood aged 8 to
12 years (middle childhood) and that this association remains
stable through adolescence (Lovett and Sheffield, 2007; Tampke
et al., 2020). Problems of dysfunctional empathy among children
are closely related to disruptive behavior and conduct disor-
ders (Minet et al., 2010; Schwenck et al., 2012; Bons et al., 2013;
Georgiou et al., 2019). The regions of brain deactivation observed
in the present study might be related to poorer empathy and
social judgment, which may cause children to respond with
aggression (Bernhardt and Singer, 2012; Chester et al., 2014).
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Table 4. Brain regions where fALFF and rsFC were associated with different types of aggression in boy (N=35)

MNI coordinates

Aggression Region Cluster size BA x y z R

Correlation with fALFF
Physical Post-central(R) 41 3 42 −30 54 0.599

Pre-central(L) 66 4 −39 −27 66 0.706
Correlation with rsFC

Physical Pre-central-AG(L) 145 39 −42 −69 27 −0.653

The threshold for significant regions was set at P<0.05 at the cluster level, combined with P<0.005 at the voxel level based on GRF program.
AG, angular gyrus; BA, Brodmann area; L, left; R, right.

Fig. 6. Brain region linked with aggression type after adjusting for age and

FD. Physical aggression was negatively associated with the fALFF in the left

pre-central gyrus and right post-central gyrus.

Fig. 7. Functional connectivity linked with aggression type after adjusting for

age and FD. Physical aggression was negatively associated with the connectivity

between the left pre-central gyrus and left angular gyrus.

The association of the PHG with child physical aggression
that we observed is consistent with it being an important hub
within the medial temporal lobe, and an important part of the
limbic system (Burwell, 2000; Eichenbaum and Lipton, 2008).
Neuroimaging studies have revealed that the PHG is critical for
behavioral inhibition (Peters and Christian, 2010, 2011), impulse
control (Yang et al., 2010) and emotional regulation (Phillips
et al., 2008). Additionally, the present study found that the
rsFC of the right PHG with the right putamen was associated
with total aggression, and that this rsFC further moderated the
relationship between neuroticism and total aggression. Basal
ganglia structures such as the putamen and caudate nucleus
are implicated in the regulation of both simple and complex
motor acts (Aouizerate et al., 2005; Chiang-Shan Ray et al., 2008).
Abnormalities in these structures are suggested to be part of the
pathophysiology of antisocial behavior (Glenn and Yaling, 2012).

These results suggest that the PHG and its functional connectiv-
ity with the putamen could contribute to poor impulse control
leading ultimately to aggression in children.

Previous studies indicate the presence of sex differences
in the development trajectory and expression preferences of
aggression. To be specific, in early and middle childhood, boys
are more likely to use physical and overt aggression, whereas
girls tend to use indirect and relational aggression (Cote et al.,
2007; Fite et al., 2014). It has been shown that girls display higher
levels of empathy and lower levels of aggression compared with
boys (Mayberry and Espelage, 2007; Malti et al., 2009; Rieffe et al.,
2016). However, our correlation analysis did not find any signifi-
cant sex differences in the preferred subtypes of aggression. This
result is consistent with other studies that found no sex differ-
ences in aggressive behaviors (Archer, 2004; Card et al., 2008).
The brain imaging results by sex showed that in girls, deactiva-
tion of the SMG is associated with indirect and total aggression
and that decreased functional connectivity between the SMG
and the STG is associatedwith indirect aggression. These results
suggest that in girls, aggression is likely associated with defi-
cient empathy and social cognition (Gallagher and Frith, 2004;
Koenigsberg et al., 2010; Grecucci et al., 2013; Göttlich et al.,
2017). In boys, physical aggression was associated with activa-
tion of the pre-central and post-central gyri, and decreased rsFC
between the pre-central gyrus and the angular gyrus, suggest-
ing that aggression in boys is associated with poor inhibition
of motor action and behavior execution (Kubler et al., 2006;
Cheng et al., 2008; Blickenstorfer et al., 2009). These findings sug-
gest the presence of sex differences in the neurodevelopmental
mechanism of aggression in middle childhood.

For growing children, the ability to control impulses and
empathize is critical for reducing aggressive intentions and
behavior. However, we did not find any significant activity in
the frontal area. The frontal cortex develops more slowly than
do other brain regions, a process that continues well into late
adolescence (Nitin et al., 2004; Sowell et al., 2004; Best and
Miller, 2010; Meisel et al., 2019). In children, the relativelymature
temporal, parietal and limbic regions, which are implicated in
empathy and social cognition, play a more important role in
restraining aggression than does the cognitive control ability
by the frontal cortex (Decety and Michalska, 2011). The Dual
Systems model (Casey et al., 2008; Steinberg, 2008; Luna and
Wright, 2016) posit a rapidly developing socioemotional sys-
tem and a gradually developing cognitive control system during
individual development. The present study provided neurolog-
ical evidence that in children, high aggressiveness and aggres-
sive behavior are associated with regional deactivations in the
socioemotional system. Moreover, the behavioral inhibition in
children is more associated with the limbic PHG rather than
with frontal cortex. Our results suggest that for middle children,
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the socioemotional system possibly plays an important role in
the development of a propensity for aggression. The present
results indicate that aggressiveness in children might be more
related to impaired empathy and social cognition, which suggest
that the key to prevention and intervention for aggressive chil-
dren is to cultivate their ability and skills in empathy and social
understanding.

This study has several potential limitations. First, this is the
first rsfMRI study to investigate the neural basis of aggression in
children, and the results therefore require verification in further
studies. Second, common with the most recent resting-state
studies (Choe et al., 2017; Fonzo et al., 2017; Samara et al., 2017),
the design did not include a control for the participants’ degree
of compliance with the experimenter’s instructions on conduct
in the scanner, which is especially important for child partici-
pants. It should be noted that the calculation of fALFF is closely
related to the time course of brain activity, and the elimination
of bad time points can greatly change the final index. There-
fore, a relatively lenient head motion criterion was adopted in
this study rather than scrubbing the data. Third, we used child
self-report measures of aggression propensity and personality
traits, which might be influenced by the development of the
child’s self-concept. Future research should ideally include both
child-report and parent-report measures to optimally assess
aggressive behaviors in daily life. Fourth, the present study
preliminarily found a moderating effect of functional connec-
tivity on the relationship between neuroticism and aggres-
sion in children, and further studies are required to explore
the mediating mechanisms among the brain, neuroticism and
aggression.

Conclusion

We conducted a detailed investigation of the relevance of per-
sonality factors and neuroanatomical factors for aggression in
middle children. The behavioral results indicated that aggres-
sion is negatively correlated with agreeableness and positively
correlated with neuroticism. Moreover, we found multiple brain
networks contributing to aggression in children. The fALFF
results showed that higher aggression is linked to deactivation
in the left temporal lobe, limbic area and parietal lobe, areas
functionally related to empathy and social cognition. The rsFC
results showed that physical and total aggressions are negatively
associated with functional connectivity between the right PHG
and the right putamen and that this connectivity moderates the
influence of neuroticism on total aggression. The analysis based
on sex indicated a possible sex difference in the neurodevel-
opmental mechanisms underlying aggression in middle child-
hood. Our findings on the specific dispositional and neurological
underpinnings of aggressiveness in children could contribute
to enhancing the understanding of maladaptive processes and
determining effective aggression prevention and intervention
programs.
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