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Whilst it is well documented that cyberbullying is linked to poor mental health outcomes,
limited research has examined how cyberbullying may influence brain development
adolescents, and the influence of each of these factors. The article’s primary objective
was to develop an understanding of research to date that addresses any relationship
between adolescent brain development and cyberbullying. The current article reviews
any existing literature regarding the impact of cyberbullying on adolescent brain
development, paying particular attention to research using magnetic resonance imaging
(MRI) techniques. Whilst brain studies have examined neural mechanisms associated
with conduct disorders, antisocial behavior, and aggression in young people; there is
a paucity of research examining these factors specifically in relation to cyberbullying. In
particular, little research has examined how MRI research could help understand how the
brain is affected by cyberbullying, not only in bullies and victims but also bystanders. This
article highlights the gaps in the cyberbullying field in relation to neuroscience research,
and the need for further, longitudinal research examining cyberbullying and how it
may affect brain development in young people. This article concludes by suggesting
a framework for future research, and highlights the importance of future findings for
developing interventions and understanding short and long term effects.
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INTRODUCTION

There has been substantial research demonstrating the dynamic (both linear and non-linear)
changes in gray matter (GM) and white matter (WM) that occur during the adolescent period.
However, research regarding how such brain changes may be influenced by experiences of
cyberbullying has received little attention. Cyberbullying, is defined as an aggressive, repeated,
intentional act carried out on an individual via electronic forms (Smith et al., 2008), and can have
serious adverse mental health outcomes (Campbell et al., 2012; van Geel et al., 2014; Spears et al.,
2015; Fahy et al., 2016; Kim et al., 2016; Le et al., 2017; McLoughlin et al., 2018, 2019).

Across studies, females are more likely to be cybervictims and male are more likely to cyberbully
(Li, 20065 Cross et al., 2009; Sakellariou et al., 2012; Hemphill and Heerde, 2014). In addition, the
Health Behavior in School-Aged Children (HBSC) international report highlighted that bullying
victimization declined between ages 11 and 15 years, whereas bullying perpetration significantly
increased between ages 11 and 15, and that this differs between genders (Currie et al., 2009). In
contrast, Zych et al. (2015) in their review suggest that the relationships between age, gender, and
involvement in bullying and cyberbullying are complex, and that across studies these relationships
may, in fact, be weak. Evidently, these varied findings highlight the need for longitudinal research
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to examine patterns in cyberbullying over time, specifically in the
context of age, gender, and neurobiological investigations.

Research examining neurobiological changes during
adolescence, suggests that a high level of brain plasticity
characterizes early childhood and adolescent stages of
development (Bradshaw et al., 2012), and as such, this is an
optimal time for learning and development. Synaptic formation
peaks around 12 years of age, followed by a general “pruning”
of surplus or underused synapses. Furthermore, adolescents
go through significant emotional, hormonal, and behavioral
changes, with a heightened responsiveness of the brain’s socio-
emotional system, which typically affects the capacities of their
still maturing self-regulatory system (Steinberg, 2013).

Numerous studies have shown an increase in WM and
decrease in GM density in the frontal and parietal cortices
throughout adolescence (Pfefferbaum et al., 1994; Giedd et al,,
1996, 1999; Reiss et al., 1996; Sowell et al., 2001, 2003; Barnea-
Goraly et al., 2005; Blakemore and Choudhury, 2006; Giedd,
2008; Ostby et al., 2009) and that these changes may aid in
identifying core neurobiological characteristics associated with
the onset of mental illness (Hatton et al., 2012; Lagopoulos
et al., 2012, 2013). More specifically, Ostby et al. (2009) found
in a study of 171 children and young adults (aged 8-30 years)
that while GM decreased non-linearly in the cerebral cortex
and linearly in the caudate, putamen, pallidum, accumbens, and
cerebellum, the amygdala and hippocampus showed slight, non-
linear increases in volume. Critically, Mills et al. (2014) explains
that the development of the “social brain” regions (prefrontal
cortex, temporoparietal junction, posterior superior temporal
sulcus, and anterior temporal cortex) during the adolescent years
is important for social understanding and communication, and
hence plays a vital role in social issues such as cyberbullying.

Also, WM increases non-linearly within the cerebrum and
cerebellum, with an earlier maturation in cerebellar WM (Ostby
et al., 2009). Furthermore, Mills et al. (2016) suggest that
that WM volume increases until between the ages of 10-
15 years, then decreases again until the early twenties where
it then stabilizes. This development is particularly important,
as WM pathways play a key role in cognitive, behavioral,
emotional and motor development during childhood and
adolescence, and may explain why adolescents generally are less
psychosocially mature than adults; suggesting a key role for WM
development in the context of cyberbullying during adolescence
(Corrado and Mathesius, 2014).

Adolescents also experience significant changes in functional
and structural connectivity and integrative processing, with very
important changes in the balance between limbic/subcortical
and frontal lobe function (whereby the latter takes control of
the former). Collectively, the dynamics and significant changes
through adolescent brain development influence the notable
changes in cognition, emotion, and behavior (Giedd, 2008).
Furthermore, there may be an association between hippocampal
volumes and psychological distress in adolescence which may
play an important role in the emergence of mental illness
(Broadhouse et al., 2019). Finally, due to the many changes
occurring in the brain as adolescents mature, they are at a
heightened vulnerability to problems affecting regulation of

mood and behavior, and are therefore more prone to risk-taking,
recklessness, and the onset of emotional and behavioral problems
(Steinberg, 2005; Casey et al., 2010).

Rates of depression and anxiety increase as children enter
adolescence, and is a peak period in terms of onset of many
major mental disorders (Paus et al., 2008), suggesting that this
transition is a vulnerable time for young people’s mental health
(Hankin et al., 1998). This is of particular relevance as adolescents
experience a reorientation toward peers and away from their
parents, and consequently may experience heightened stress if
rejected by their peers, which can increase the onset of mood
disorders (Masten et al., 2011). Masten et al. (2009, 2011) found
that adolescents with increased activity in the subgenual anterior
cingulate cortex (ACC) in response to peer rejection, were more
likely to develop depressive symptoms and experienced greater
distress, suggesting that the degree of neural activity displayed
by adolescents in response to social rejection may relate to their
emotional sensitivity to such an event. Given the significant brain
changes that are occurring during adolescence, there are links
between this time of major transitions, socialization, and bullying
issues (Steinberg, 2005).

The aim of this article was to review the literature that has
explored relationship between neurobiology and cyberbullying in
adolescents in some way. Addressing gaps in this area of research
is important, as findings may lead to a better understanding of
cyberbullying which may identify potential causative factors as
well as facilitate the identification of appropriate treatments and
interventions. Thus, in this mini review, we pose the following
questions: (i) are there specific factors unique to adolescent
neurobiology which predisposes individuals or increases their
risk to adverse reactions to cyberbullying behavior? (ii) To what
extent does cyberbullying influence an adolescent’s neurobiology?

CYBERBULLYING AND THE BRAIN

Whilst the negative outcomes associated with cyberbullying
are well documented, research investigating the relationships
between neurobiology and the adolescent brain, cognition, and
cyberbullying is lacking. Research in this area is important,
as Lamblin et al. (2017) state that genetic influences on brain
structure and function impact the quality and quantity of
social ties during adolescence, and that the brain and social
environment sculpt each other throughout adolescence and can
increase risk or promote resilience for mental illness.

To our knowledge only nine studies have specifically
addressed neurobiology, the brain, and cyberbullying or
traditional bullying/social media use (Table 1). Gonzalez-
Cabrera et al. (2017) found that patterns of cortisol release and
perceived stress in 11-18 year old’s are related to cyberbullying
roles, with cybervictims and cyberbully victims exhibiting
higher cortisol secretion levels and greater perceived stress, as
compared to cyberbullies and cyberbystanders. Furthermore, the
lowest cortisol secretion was observed in serious cyberbullies
(Gonzalez-Cabrera et al., 2017). Similarly, du Plessis et al.
(2019) found that cortisol moderated the relationship between
traditional bullying childhood victimization and adolescent
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TABLE 1 | Studies that specifically addressed neurobiology, the brain, and cyberbullying or traditional bullying/social media use.

References Focus

Cyberbullying data

Vaillancourt et al., 2013
Sherman et al., 2016
Gonzalez-Cabrera et al., 2017
Crone and Konijn, 2018
Quinlan et al., 2018

Muetzel et al., 2019

du Plessis et al., 2019
McLoughlin et al., 2020b
McLoughlin et al., 2020a

The biological underpinnings of peer victimization

Effects of peer influence on neural and behavioral responses to social media
Relationship between cyberbullying roles, cortisol secretion and stress
Media use and brain development during adolescence

Peer victimization, adolescent brain development and psychopathology
Frequent bullying involvement and brain morphology in children

Longitudinal study on childhood peer victimization and the brain

A pilot functional magnetic resonance imaging study on cyberbullying
Hypothesis/protocol paper on cyberbullying and neuroimaging

No — traditional bullying
No — social media use
Yes — cyberbullying data
No - review

No — peer victimization
No - traditional bullying
No - traditional bullying
Yes — cyberbullying data
No — protocol

ventrolateral prefrontal cortex (VIPFC) structure, and that this
was dependent on gender. That is, boys with higher experiences
of childhood victimization showed high cortisol levels and a
smaller vIPFC structure, compared to those with low cortisol and
low victimization. The researchers suggested that this may be
due to a stress sensitivity that could influence brain development,
especially in boys, and that victimization could be one of these
stressors that could have an impact on the brain. Whilst both
these studies suggest that there are biological markers associated
with different roles in cyberbullying, and that cortisol levels could
be particularly important in regard to brain development during
adolescence, further research is needed in order to understand
how this may influence adolescent brain development over time.
The study by du Plessis et al. (2019) also focused on traditional
bullying rather than cyberbullying.

In a review of adolescent brain development, Sherman et al.
(2016) reported that online social interactions are associated
with similar structural correlates and patterns of brain activity
to those observed in the context of real-world relationships.
Moreover, young people respond in a similar manner to positive
feedback online (such as “likes” on their photos or updates)
as they would in a face-to-face conversation (Sherman et al.,
2016). More specifically, when adolescents viewed photos with
many (compared with few) likes, greater activity in neural regions
responsible for reward processing, social cognition, imitation,
and attention were activated. Whilst these findings do shed
some light on how the brain may respond to online interaction,
these findings are not focused on cyberbullying interactions,
and are cross sectional. A study which mimics social media
conditions would be ideal to understand how the brain responds
to cyberbullying stimuli.

Recently, our group (McLoughlin et al, 2020a,b) has
addressed this gap, and was the first to evaluate cyberbullying
scenarios using neuroimaging. We developed a protocol for using
functional magnetic resonance imaging (fMRI) to measure how
cyberbystanders respond to cyberbullying stimuli (McLoughlin
et al,, 2020a), and found that viewing such stimuli activated
responses across the many regions of the brain, including those
linked to social and emotional processing (McLoughlin et al.,
2020b). We also found that those with no prior experience of
cyberbullying showed a greater response in the area of the brain
responsible for feeling self-conscious (McLoughlin et al., 2020b).
In addition, we found that females had a greater response in the

right ACC, which is the brain region that plays a key role in
the processing of empathy when witnessing cyberbullying. This
highlights that there may be significant differences in how the
brain is affected by cyberbullying between males and females.
However, this study was a pilot, and therefore involved a small
sample of cross-sectional data, and as such longitudinal research
is needed to better explicate this. No research has addressed how
age may influence the way the brain responds to cyberbullying,
but it would be a worthwhile line of future research.

In addition, an area lacking research is the influence of mental
health problems on any association between cyberbullying
involvement and brain development in adolescence. Links
between adolescent brain development, peer victimization and
psychopathology has been investigated by Quinlan et al. (2018).
Whilst not focused specifically on bullying, the researchers
did find that changes in left putamen volume were negatively
associated with generalized anxiety, and peer victimization was
indirectly associated with generalized anxiety via decreases
in putamen volume. The authors suggest that these results
could indicate that victimization during adolescence could lead
to psychopathology-relevant deviations from normative brain
development. This area needs more attention in order to
understand the influence mental health problems may have
on any association between cyberbullying involvement and
brain function, and future studies should investigate this. In
particular, longitudinal studies should be undertaken to help
understand this.

A recent thorough review on media use and brain
development highlighted that neuroscience is of vital importance
in the future in terms of understanding the developmental
sensitivities related to adolescents’ media use over time (Crone
and Konijn, 2018). The authors argue that adolescents are
particularly sensitive to acceptance and rejection, and that
social media exacerbates this, making adolescents vulnerable
to emotional sensitivity and poor cognitive control (Crone and
Konijn, 2018). In addition, a review on traditional bullying in
young people found that the brain experiences peer victimization
in a similar way to physical pain, and that these experiences
can become biologically embedded in the physiology of the
developing person, thereby increasing their risk of developing
mental health problems (Vaillancourt et al., 2013). Recently,
Muetzel et al. (2019) conducted a study of 2,602 children
regarding traditionally bullying, and involved the 8-year-old
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Middle Adolescence
Heightened
vulnerability to risk
taking, problems
regulating behaviour
(Steinberg, 2005)

Late Adolescence
Frontal lobe matures,
more competent in
regulating emotions
and behaviour
(Steinberg, 2005)

The Brain

as physical pain
(Vaillancourt, Hymel, &
McDougall, 2013)

The brain experiences
social pain the same way

Early Adolescence
Sensation seeking,
reward orientation

(Steinberg, 2005) Increased risk of

mental lliness,
especially in bully-
victims
(McLoughlin et al_, 2019)

)

Mental Health

Rates of depression

Adolescence is a and anxiety

period of increase as
vulnerability children enter

(Casey et al., 2010) adolesence

(Paus, 2008)

FIGURE 1 | Changes in the brain and cognition occurring during adolescence which may influence cyberbullying behaviors. Black text represents changes and
patterns to the brain and to cognition that occur during adolescence. The gray text represents aspects of cyberbullying associated with each of these four major
factors discussed throughout this article. Furthermore, the associations between each factor and cyberbullying are represented as bi-directional in the figure,
however, further research (in particular, longitudinal) needs to determine the nature and direction of relationships. Please note that all factors are significantly
influenced by age and gender, as discussed throughout the article, however, these are not outlined in detail here for ease of interpretation of the figure.

Cyberbullying

Changes in adolescence
to develop a more fully
conscious, self-directed
and regulated mind
(Keating, 2004)

Developments in
judgement and
decision-making
(Fried & Reppucci, 2001)

Executive Function

Poor executive
function in bullies

f‘\» (Dodge et al., 2003)

In the process of
developing a more fully
conscious, self-directed
and regulated mind
(Blakemore, 2008)

S

Low empathy in
cyberbullies,
particularly in males
(Ang & Goh, 2010)

Social Cognition

Changes in self-evaluation,
self and emotional regulation
(Paus, 2005)

children, their parents and teachers reporting on common forms
of child bullying involvement (physical, verbal, and relational),
and then completing a structural MRI scans when the children
were 10 years old. The study found that those children who were
frequently bullied had thicker cortex in the fusiform gyrus, a
region suggested to be implicated in a wide array of functions,
including facial and emotion processing, language, and theory
of mind (Muetzel et al., 2019). Whilst these aforementioned
studies shed light on how victims of bullying perceive their
bullies and highlights that frequent bullying could affect brain
development, further research is needed which focuses on
cyberbullying specifically, as well as over time. Studies which
involve repeated MRI scans across adolescent would be ideal,
in order to fully understand how cyberbullying experiences
at different stages of adolescent (or throughout) influences
brain development.

CONCLUSION AND FUTURE DIRECTION

It is well documented that cyberbullying can lead to negative
mental health outcomes, however, research examining

how this relates to brain development and neurobiology
during adolescence has received little attention, and yet is of
considerable importance.

Most research into cyberbullying has relied heavily on
self-report. Whilst this is an essential part of gathering
information about cyberbullying experiences, research that
includes additional measures, such as brain imaging and
cognitive assessments, will go beyond subjective information
and will enable researchers to better understand adolescent
cyberbullying and how experiences influence the development
of relationships, cognition and neurobiology (George and
Odgers, 2015). Furthermore, this information could highlight
opportunities for neuroscience to identify the potential of the
adolescent brain, and inform opportunities for adolescents to
thrive in different developmental stages (Johnson et al., 2009).
Indeed, Smith and Jones (2012) proposed that developmental
cognitive neuroscience could help to better understand the
factors that might make a child vulnerable to becoming a bully
or a victim, as well as aid in developing tailored interventions.

The aforementioned studies have primarily been cross-
sectional, and these highlight the need for longitudinal research
to understand factors such as vulnerability and changes over
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time. Specifically, longitudinal studies employing brain imaging
and cognitive assessments in conjunction with measures of
cyberbullying as well as traditional metrics of mental health (e.g.,
psychological distress) would be extremely valuable. Research
such as this could inform interventions for both cyberbullies
and cybervictims, and improve behavioral, social, and academic
outcomes. This research also could inform neurodevelopmentally
sensitive preventive interventions which target cyberbullying
behavior (Bradshaw et al., 2012). Furthermore, whilst it is
recognized that there would be important differences in the brain
responses to cyberbullying that are due to differences in age
and gender, there is little research to date that has specifically
addressed this. Indeed, this review has discussed the important
stages of change the adolescent brain goes through, therefore,
it would be expected that the brain may be influenced by
cyberbullying differently according to age and the associated
maturational processes. Future research should address this.

In addition, given the lack of research available addressing
cyberbullying, much of the theories discussed in this article are
based on traditional bullying and the associated neurobiology.
Thus, future studies need to explicitly compare both traditional
bullying and cyberbullying, however, given the overlap between
the two forms of bullying, it is likely that the relationship
between cyberbullying, cognition, and the brain will be similar
to those findings discussed regarding traditional bullying, and
vice versa. That being said, longitudinal studies could identify
if cyberbullying has harsher or additional negative effects on the
brain, especially given its fast, widespread, and repetitive nature.

Implications and Proposal Working

Forward

By further understanding the neurobiology of those who
cyberbully and those who are cybervictims, appropriate
treatment and interventions can be developed to address the
short- and long-term effects of cyberbullying involvement. This
review highlights that little research to date has addressed
the relationship between cyberbullying and adolescent brain
development. In particular, no research is yet to address the
important role of age and gender during adolescent development,
and how this may in turn influence how the brain is affected by
cyberbullying. Despite the limitations in terms of the breadth
and depth of the research conducted to date, we have developed
a potential framework to depict the roles that the key factors we
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