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Abstract. Attention-Deficit/Hyperactivity Disorder (ADHD) affects 3-7% of children in the U.S.
Magnetic studies have shown a decrease in the corpus callosum in children diagnosed with
ADHD. ADHD may have a greater impact on the white substance in certain areas of the brain.
The cortical thickness as well as the levels of serotonin in the brain is also attributed as a
contributing factor establishing the correlation between the two disorders. There are some
clinical trials that indicate a medication that can treat both ADHD and aggression. The most
common medication for disrupting the link is the use of stimulants and non-stimulants which are
used in treating ADHD, the reduced aggression levels are attributed to effective treatment results
in ADHI. Antipsychotic medications are used in treating aggression in cases of maladaptive
aggression which does not respond to stimulants. Hence, the goal is to treat one disorder (ADHD)
and use other combinations like behavioral treatment to reduce the levels of aggression.
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1. Introduction

Based on the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-1V),
Attention-Deficit/Hyperactivity Disorder (ADHD) is a prevalent mental condition arisen from
childhood, affecting 3-7% of children of school age [1]. in 2007. According to the American Psychiatric
Association [2], ADHD is characterised by a continuous inattention and hyperactivity, associated with
many cognitive-behavioral problems, including poor academic achievement, conduct difficulties and
aggressive behaviours etc. Longitudinal study conducted on children diagnosed with ADHD has shown
that the early development and persisting behaviour of long-term physical aggression represent the most
significant prognostic indicator for children to develop disruptive behaviour problems, characterological
disturbances such as borderline personality disorder or antisocial personality disorder [3].

In the last ten years, MRI has been used to compare the anatomical differences between ADHD and
observe children in different brain areas. Much focus has been paid to the investigation of neuronal
circuits that establish connections between the prefrontal cortex and the basal ganglia, which are
believed are important in the control of response inhibition. In particular, frontostriatal(striatum)
abnormalities as well as dysfunction of dorsoanterior cingulate cortex (CCdA) were examined [4].
Similarly, a difference between prefrontal control and hyper-responsivity of the amygdala systems was
found in aggressive individuals. Additionally, variation in the volume of white matter [5], the cerebellum
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[6], as well as the corpus callosum [7], has also been shown to be closely linked to abnormal executing
functions. According to McKAY and Halperin[8], there underlies a hypothesis suggesting that the
existence of an underlying impulsive personality, along with cognitive deficiencies in ADHD children,
has a substantial role in predicting a dismal prognosis and increasing the probability of engaging in
serious aggressive adult behaviour. This set of behaviours seems to be influenced, to some extent, with
regards to the serotonergic system, and children with aggressive ADHD who exhibit signs of reduced
serotonergic function tend to be more susceptible to the negative impacts of stresses.

Many researches has reported hypoactivation of the striatum in ADHD children, which was believed
to exhibit numerous neuronal connections with many prefrontal regions and particularly front striatal
loops [9]. Another research supporting the relation between frontal and striatal variations with ADHD
was the hyperactivation of the frontal cortex along with hypoactivation of the striatum during go/no-go
task [10]. Similarly, the study by Bush et al. [11], revealed the presence of bilateral activation in the
ventrolateral prefrontal cortex among children diagnosed with ADHD when doing Counting Stroop
tasks. This finding stands in contrast to the absence of such activation seen in the control group.

Although the interpretation of prefrontal abnormalities, characterized by either hyper/hypoactivation,
vary across various studies attributed to the use of distinct experimental paradigms or the diversity of
prefrontal areas under investigation, such as the dorsolateral and ventro-orbital regions. Nevertheless,
the malfunction of the dorsoanterior cingulate cortex (CCdA) is frequently reported as one of the most
prevalent fMRI results, due to its close association with attention, target recognition, response selection,
and inhibition, as highlighted by Emond et al. [12]. The Counting Stroop task, as conducted by Zang et
al. [13], suggested the hypoactivation of CCdA in individuals diagnosed with ADHD. On the contrary,
Schulz et al. [14] performed a research which yielded results indicating that the activation of these areas
actually increased during inhibition in teenagers who had been diagnosed with ADHD for the go/no-go
test. This persumably indicates a correlation between the typical decline in behavioural symptoms of
ADHD throughout adolescence and a positive regression of frontal hypoactivations.

Additionally, multiple studies have consistently shown a decrease in the volume of the corpus
callosum in patients diagnosed with ADHD. Nevertheless, there is variation in the specific regions of
the corpus callosum impacted, as shown across different studies. An anterior reduction was reported by
Baumgardner et al. [15], whereas Semrud-Clikeman et al. [16] found the reverse. This is suggested that
individuals with ADHD may have a greater impact on the anterior region of the corpus callosum, derived
from the understanding that the anterior portion mostly consists of axons [17]. Several MRI studies also
showed a decrease in the cerebellum or overall cerebellar volume [18] and white matter (WM)
abnormalities [19].

2. Link between Aggression and ADHD

There are several studies which establish the connection between Aggression and attention
deficit/hyperactivity disorder (ADHD). A study on whether comorbidity is important by Gonzalez et al.,
states that the disorder is related with violent behaviors including aggression [20]. One possible
correlation between the two comorbidity is the problems in neurodevelopmental. ADHD symptoms are
observed through their parallel progression when compared to the development in the control processes
which is mediated by the prefrontal cortex [21]. Similarly, behavioral inhibitions like controlling
impulsive outbursts is as a result of abnormalities in the orbitofrontal cortex [22]. The
neurodevelopmental link is attributed to the alterations in the structural or functional maturation of the
brain areas. Imaging results indicate that children with ADHD have a decrease in thickness of the
temporal pole cortical [23]. This underdevelopment in the cortex region is also cited to be responsible
for emotion regulations which can result in impulsivity like aggression behavior [24].

A study on impulsive aggression and ADHD also indicated that dysfunctional response inhibition
was present in both comorbidities. Issues and deficits in the pre-frontal development were observed in
both ADHD and impulsive aggression [25]. A multivariate analysis on aggression in child-patients with
ADHD indicated that a reduced cortical thickness and the reduced volume of frontal-accumbal in
children with ADHD correlated with the presence of aggression disorder [26]. A deficient in the
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inhibitory control mechanisms as a result of differential activation in insula and middle temporal sulcus
was also observed in children with both ADHD and disruptive behaviours like aggression [27].

Differential developments in central serotonergic (5-HT) in children and adolescent as a link between
ADHD and aggression [28]. The serotonin acts as a regulator for the pre-frontal cortex which then
controls the individual’s response to external stimuli. Low 5-HT is associated with impulsive aggression
while high 5-HT linked with cognitive impulsiveness in children with ADHD [29]. The symptoms
presented for both disorders also indicate the correlation between the two. For instance, behavioral
problems like hot/short temper as a feature of impulsive aggression observed in ADHD [30]. There are
also disruptive behavioral problems observed in ADHD as it is in aggression [31]. According to Puiu et
al., the intersecting symptoms and features of both disorders is because of the neurobiological
framework in both ADHD and aggression as indicated in the figure below [25].
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Figure 1. Neurobiological framework in ADHD and Aggression [25].

Links between ADHD and aggression have also been linked to COMT genotype. The genotype is
responsible for emotional processing. According to a study by Villemonteix et al., the COMT genotype
results in impairments in empathy for fear and response inhibition which then means that the genotype
acts as a mediating factor in the correlation between aggression and ADHD [32]. COMT Val alleles
make an individual to stop responding to positive stimuli in the environment. Aggression is thus
considered as an additional symptom to children who already have the alleles that contributes to
phenotypic variations leading to ADHD [33].

3. Medication to Disrupt the Correlation between ADHD and Aggression

There are less studies and evidence to indicate that medication can cure both ADHD and aggression.
Studies however do indicate that medication can be used to cure aggression in children with ADHD
hence aiding in disrupting the link between the two. According to Rucklidge (2018), the use of
micronutrients could be used for emotional regulation and reduce aggression in children with ADHD.
Such treatment options are based on targeting the hyperactivity/impulsivity levels in ADHD children
and aggression due to benefits of the micronutrients have on psychological functioning [34]. Based on
improving psychological functioning, medication can also target to disrupt the genetic risks in
aggression outcomes in children with ADHD. This is conluded on COMT genotype and its associated
link in mediating the emotional functions of children with aggression and ADHD. Thus, the treatment
and medication targets COMT Vall58Met which then regulates the psychological response and link
between aggression outcomes in children with ADHD [35].
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Other stimulants like amphetamine and pemoline are capable of treating ADHD [36,37], but reliable
evidence of which have an impact on ADHD patients with aggressive behaviors can hardly be found.
However, since aggression in children with ADHD is considered a comorbid disorder, stimulants
treatment is considered only after behavioral treatment is proved to be ineffective. Thus, treating
behaviour can be used in disrupting the correlation between aggression and ADHD [38], treating
aggressive behaviors first before ADHD is treated. The figure below indicates an example of
psychopharmalogical treatment of ADHD with aggression where stimulants treatment is only considered
after the first stage of behavioral treatment [39].

Study on Divalproex treatment in children with ADHD and aggression indicates that aggression
remits after 8 weeks for cases of chronic aggression [40]. Divalproex is used as an additional medication
in instances where the stimulant medication does not effectively disrupt the correlation between ADHD
and aggression. The use of stimulants medication does not lead to reduced aggression to satisfactory
levels [41]. Divalproex is an antipsychotic medication that is regarded as an additional level to disrupt
the ADHD and aggression correlation by acting as a mood stabilizer for enhancing behavioral stability.
Divalproex sodium is very useful as a psychopharmacologic treatment of conduct disorder [42], hence
why its application in aggression is regarded as an additional level to disrupting the correlation of
aggression in ADHD where stimulants prove ineffective. The use of Divalproex lead to positive response
from 12 out of the 15 subjects treated which provides evidence that it can be used as an effective
treatment for aggressive behaviors in patients with ADHD [43].

In disrupting the correlation, the medication is administered to target aggression specifically before
ADHD is treated [44]. This is especially when the ADHD is associated with maladaptive aggression
which does not respond to either stimulants or behavioral treatment. Treating each disorder separately
is aimed at ensuring that successful treatment of one disorder will have a positive impact on the
associated disorders. For instance, medication for successfully treating ADHD assumed to have a
positive impact on impulsive aggression hence treating both [45].

4. Conclusion

The correlation between ADHD and aggression is established through neurodevelopmental deficits,
neurobiological features, genotype, and differentials in serotonergic. Based on the neurobiological
framework, the link between ADHD and aggression is based on the intersecting features of response
inhibitors and ADHD. This therefore suggests that aggression in individuals with ADHD occurs as
external symptom. Based on neurodevelopmental issues, the link between aggression and ADHD is
based on the underdevelopment in the brain regions which controls both disorders. The cortical thickness
as well as the levels of serotonin in the brain is also attributed as a contributing factor establishing the
correlation between the two disorders.

There are some clinical trials that indicate a medication that can treat both ADHD and aggression.
The most common medication for disrupting the link is the use of stimulants and non-stimulants which
are used in treating ADHD, the reduced aggression levels are attributed to effective treatment results in
ADHD. Antipsychotic medications are used in treating aggression in cases of maladaptive aggression
which does not respond to stimulants. Hence, the goal is to treat one disorder (ADHD) and use other
combinations like behavioral treatment to reduce the levels of aggression.
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