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Abstract

A Traumatic Brain Injury (TBI) is an injury to the brain caused by an exter-
nal force (vehicle, accidents, violence, sports injuries, industrial accidents,
falls). Brain trauma can occur either from an object penetrating the skull or
from rapid acceleration (speeding up), or deceleration (slowing down or
stopping suddenly) of the brain. Traumatic Brain Injury (TBI) is a major
cause of mortality and disability, especially in children and young adults.
Based on the Glasgow Coma Scale (GCS), the neurological scale used to
measure a person’s level of consciousness after a brain injury, traumatic brain
injury is classified as: mild (GCS 13 - 15), moderate (GCS 9 - 12), severe (GCS
8 or less), and evaluates the following functions: Eye Opening (E), Motor Re-
sponse (M), and Verbal Response (V), to determine a patient’s overall GCS,
add together the scores from eye opening, motor response and verbal re-
sponse. Scores range from 3 to 15. A score of 8 or less signifies coma. Symp-
toms can vary depending on the severity of the head injury. An individual
with a mild traumatic brain injury can remain conscious, or may experience a
loss of consciousness for a few seconds or minutes. Other symptoms may in-
clude headache, confusion, dizziness, vision changes, ringing in the ears or
changes in hearing, fatigue or lethargy, a change in sleep patterns, behavior-
al or mood changes, and cognitive and/or executive functioning problems.
People with a moderate or severe traumatic brain injury may show the same
symptoms, but may also have a headache that gets worse, repeated vomiting
or nausea, convulsions or seizures, an inability to awaken from sleep, dila-
tion of one or both pupils of the eyes, slurred speech, weakness or numb-
ness in the extremities, loss of coordination, and increased confusion, res-
tlessness, or agitation. Attention-Deficit/Hyperactivity Disorder secondary
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to Traumatic Brain Injury (TBI) is one of the most common neurobeha-
vioral consequences of Traumatic Brain Injury (TBI), occurring in 20% to
50% of individual’s post-injury (Irastorza, 2011). Some of the most persis-
tent problems include impairment in memory, attention and concentration,
language, executive skills, social judgment, social behavior, and impulsive-
ness. Previous studies have shown that Traumatic Brain Injury (TBI) is a
major cause of mental health problems and increases the risk of Atten-
tion-Deficit/Hyperactivity Disorder (Schachar et al., 2015). According to stu-
dies (Ilie et al., 2015), physical brain injury contributes to the development of
Attention-Deficit/Hyperactivity Disorder. Because the risk of Attention-Defi-
cit/Hyperactivity Disorder development after Traumatic Brain Injury (TBI)
remains high over an extended period, and some of the most persistent prob-
lems include impairment in memory, attention and concentration, language,
executive skills, social judgment, social behavior, and impulsiveness; this
master thesis shows the importance of an early prompt intervention after
brain injury, and the need to establish a therapeutic plan in order to treat the
Attention-Deficit/Hyperactivity Disorder development and evolution. The
purpose of the present study is to investigate the association between Trau-
matic Brain Injury (TBI) and Attention-Deficit/Hyperactivity Disorder, and
also to show the importance of prompt intervention and preventive therapy
in order to stop the Attention-Deficit/Hyperactivity Disorder development
and evolution.

Keywords
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Brain Injury, Head Injury, Attention, Hyperactivity, Cognitive Behavioral
Therapy, Therapy, Meditation, Diet

1. Introduction

Traumatic Brain Injury (TBI) results from an impact on the head that ruins
normal brain function affecting a person’s cognitive abilities, including learning
and thinking skills.

Based on GCS, Traumatic Brain Injury (TBI) is classified as mild, moderate or
severe.

Moderate to severe Traumatic Brain Injury (TBI) can result in changes in a
person’s state of consciousness (coma, vegetative states, minimally conscious
state and brain death), awareness or responsiveness. Some people with Trau-
matic Brain Injury (TBI) will develop seizures, fluid buildup in the brain (hy-
drocephalus), infections, blood vessels in the brain, frequent headaches, or ver-
tigo (a condition characterized by dizziness).

Also, Traumatic Brain Injury (TBI) can result in cognitive problems (memory,
learning, reasoning, judgment, attention or concentration could be affected),

executive functioning problems (difficulties in planning, problem solving, mul-
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titasking, decision making, beginning and completing tasks), communication
problems (cognitive and social problems), behavioral (difficulty in social situa-
tions, difficulty with self-control, lack of awareness of abilities) and emotional
changes (anxiety, depression, anger, insomnia, irritability), sensory problems
(loss of hearing, taste, smell, sight).

Severe Traumatic Brain Injuries (TBI) might increase the risk of degenerative
brain diseases, such as Alzheimer’s disease, Parkinson’s disease.

Rehabilitation is an important step in the treatment of the injured brain to
maximize the recovery and to help the patient to adjust to any difficulties or
disabilities they may have. Cognitive therapy and behavioral therapy are the
most important therapies that must start after Traumatic Brain Injury (TBI)
(Little et al., 2021; Barman et al., 2016) to improve memory, attention, percep-
tion, learning, planning, and judgment, learn coping skills, work on interperson-
al relationships, and improve general emotional well-being, learn or relearn how
to perform daily tasks, such as getting dressed, cooking, and bathing.

The recovery course depends on several factors, such as, the area of the brain
affected and the extent of injury; the complications that may occur after brain
injury; the quality of rehabilitation received; the person’s ability to adapt to
changes in circumstances that may occur after brain injury; and finally, the state
of mind of the patient.

Traumatic Brain Injury (TBI) contributes to worldwide death and disability
more than any other traumatic insult, in Europe 2.5 million people suffer a
Traumatic Brain Injury (TBI) each year, being the leading cause of death and
disability in young adults (CENTER-TBI, 2020).

Traumatic Brain Injury (TBI) is also associated with developing mental condi-
tions, including Attention-Deficit/Hyperactivity Disorder and is frequently fol-
lowed by mental illness especially Attention-Deficit/Hyperactivity Disorder
(Schachar et al., 2015).

Research has shown that Attention-Deficit/Hyperactivity Disorder secondary
to Traumatic Brain Injury (TBI) is one of the most common neurobehavioral
consequences of brain injury (Li et al., 2018). Impairment in memory, attention
and concentration, language, executive skills, social judgment, social behavior,
inhibitory control difficulties and impulsiveness are some of the consequences of
Attention-Deficit/Hyperactivity Disorder after Traumatic Brain Injury (TBI).

“Attention-Deficit/Hyperactivity Disorder is the most common learning and
behavior problem in children. But the issue doesn’t end there: It is also one of
the most common problems in adults” (Amen, 2013: p. 33.).

Attention-Deficit/Hyperactivity Disorder is a mental condition characterized
by symptoms of inattention, hyperactivity and impulsivity; and can have a sig-
nificant social impact on people’s lives affecting their education, working and
home life, relationships. As a developmental disorder, Attention-Deficit/Hy-
peractivity Disorder is evident early in childhood and, with maturation, shows
changing symptom manifestations (Zillmer et al., 2008). Pre-school and school-
aged children can face with behavioral problems, such as high activity levels,
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poor inhibitory control, and short attention span. They often suffer from other
comorbid conditions: oppositional defiant disorder (ODD), communication
disorders, and anxiety disorders, and those with comorbidities are more im-
paired than those with ADHD alone. School aged children with ADHD tend to
be impaired in terms of academic achievement, family interactions and peer re-
lationships. Adults have poor outcomes in terms of academic achievement and
attainment, occupational rank and job performance, risky sexual practices and
early unwanted pregnancies, relationship and marital problems, traffic violations
and car accidents, and psychiatric comorbidities (Cherkasova et al.,, 2013).
People with Attention-Deficit/Hyperactivity Disorder can present low self-confi-
dence and higher levels of low self-esteem. The severity of Attention Deficit/Hy-
peractivity Disorder can be designate as mild (few symptoms beyond the re-
quired number for diagnosis are present, symptoms result in minor impairment
in social, school or work settings), moderate (symptoms or functional impair-
ment between mild and severe are present) or severe (many symptoms are
present beyond the number needed to make a diagnosis; several symptoms are
particularly severe; symptoms result in marked impairment in social, school or
work settings) under the criteria in the DSM V (2013).

According to Centers for Disease Control and Prevention (CDC, 2020), the
Service Organization that protects the public’s health, the causes and risk factors
for Attention-Deficit/Hyperactivity Disorder are unknown, but current research
shows that genetics plays an important role (Thapar & Stergiakouli, 2010). In ad-
dition to genetics; brain injury, exposure to environmental during pregnancy or at
a young age, alcohol and tobacco use during pregnancy, premature delivery, low
birth weight are also other possible causes and risk factors. In some cases, the di-
agnosis of Attention-Deficit/Hyperactivity Disorder may reflect a dysfunctional
family, a disadvantaged socioeconomic background (Russell et al., 2015; Pires et
al., 2013).

Typical behaviors of Attention-Deficit/Hyperactivity Disorder occur more
commonly in children who have experienced violence and emotional abuse. The
social construct theory of ADHD suggests that because the boundaries between
“normal” and “abnormal” behavior are socially constructed (i.e. jointly created
and validated by all members of society, and in particular by physicians, parents,
teachers, and others), it then follows that subjective valuations and judgements
determine which diagnostic criteria are used and, thus, the number of people af-
fected.

Neuropsychologists consider ADHD a neurobiological based developmental
disorder that responds to specific types of environmental and pharmacologic in-
terventions. However, the etiology of ADHD is currently unknown (Zillmer et al.,
2008).

According to DSM V (2013), three presentations of Attention-Deficit/Hy- pe-
ractivity Disorder are listed:

- ADHD predominantly inattentive presentation.

- ADHD predominantly hyperactive-impulsive presentation.
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- ADHD combined presentation.

While in DSM V, 2013 are listed three form of ADHD, Dr. Daniel Amen dis-
covered, thanks to SPECT technology (single photon emission computed tomo-
graphy which assesses blood flow and activity in the brain), that there are seven
types of Attention-Deficit/Hyperactivity Disorder:

1) Classic ADHD: decreased activity in the underside of the prefrontal cortex,
cerebellum and basal ganglia during concentration, normal activity at rest.

2) Inattentive ADHD: decreased activity in the underside of the prefrontal
cortex, cerebellum and basal ganglia during, normal activity at rest.

3) Overfocussed ADHD: increased activity at rest and during concentration in
the anterior cingulate gyrus, as well as decreased activity in the underside of the
prefrontal cortex, cerebellum and basal ganglia.

4) Temporal Lobe ADHD: decreased activity (and occasionally increased) ac-
tivity in the temporal lobes at rest and during concentration, as well as decreased
activity in the underside of the prefrontal cortex, cerebellum and basal ganglia
during concentration.

5) Limbic ADHD: increased deep limbic activity at rest and during concentra-
tion, decreased activity in the prefrontal cortex, cerebellum and basal ganglia
during concentration.

6) Ring of Fire ADHD: increased activity in many areas of the brain.

7) Anxious ADHD: increased activity in the basal ganglia at rest and during
concentration, decreased activity in the prefrontal cortex and cerebellum during
concentration (Amen, 2013).

Attention-Deficit/Hyperactivity Disorder is associated with functional im-
pairments in some of the brain’s neurotransmitter systems, particularly those
involving dopamine and norepinephrine. The dopamine and norepinephrine
pathways project to the prefrontal cortex and striatum, and are directly respon-
sible for modulating executive function (cognitive control of behavior), motiva-
tion, reward perception, and motor function. These pathways govern a variety of
cognitive processes.

- Frontal cortex: The seat of high-level functioning in the brain, this region
helps people with working memory, flexible thinking, and self-control. The
prefrontal cerebral cortex covers the front of the frontal lobe. A deficiency of
norepinephrine within this brain region may be responsible for inattention
and problems with higher-order thinking.

- Limbic system: This region, located deep in the brain, regulates our emo-
tions. Symptoms may include restlessness, inattention, or emotional volatili-
ty.

- Basal ganglia: These neural circuits regulate communication within the brain.
Information from all regions of the brain enters the basal ganglia and is re-
layed to other areas of the brain. Deficits in the basal ganglia can cause the
information to “short-circuit,” causing inattention or impulsivity.

- Reticular activating system: This is the most important relay system of the

many pathways in the brain’s information superhighway. A block in the RAS
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can lead to inattention, impulsivity, or hyperactivity.

Significant brain structure modifications appear in Attention-Deficit/Hype-
ractivity Disorder reduction of volume in certain brain structures, with a pro-
portionally greater decrease in the volume in the left-sided prefrontal cortex, the
posterior parietal cortex also shows thinning, brain structures in the prefron-
tal-striatal-cerebellar and prefrontal-striatal-thalamic circuits have also been
found to differ between people with and without ADHD, Magnetic resonance
imaging reveals that subcortical volumes of the accumbens, amygdala, caudate,
hippocampus, and putamen appear smaller in individuals with ADHD, in-
ter-hemispheric asymmetries in white matter tracts.

Attention-Deficit/Hyperactivity Disorder treatment typically involves therapy
or medications either alone or in combination. Therapies for Attention-Deficit/
Hyperactivity Disorder may involve behavioral, psychological, social, education-
al and lifestyle interventions.

Behavioral therapies in Attention-Deficit/Hyperactivity Disorder have had
good results so they are the recommended first line treatment in those who have
mild symptoms or are preschool-aged (Mahone, 2017). Psychological therapies
used include: classroom-led behavioral therapies, behavior therapy, cognitive
behavioral therapy (CBT), interpersonal psychotherapy, parent-led behavioral
therapy, family therapy, school-based interventions, social skills training, beha-
vioral peer intervention, organization training, parent management training, and
neurofeedback.

CBT refers to a type of mental health treatment that focuses on the thoughts
and behaviors, and is a program that helps people with Attention-Deficit/Hy-
peractivity Disorder to develop concrete strategies and skills for coping with the
ADHD symptoms (inattention, hyperactivity, impulsivity). CBT helps ADHD
individuals to develop programs in time management, organization, and plan-
ning.

Neurofeedback involves computer-based exercises, which provide feedback
regarding attention levels to enable behavioral training and aims to decrease
EEG theta and increase EEG beta and SMR activity, and to teach the patient to
increase and decrease brain activity.

Regular physical exercise may be beneficial for individuals with Attention-Defi-
cit/Hyperactivity Disorder. The long-term effects of regular exercise in Atten-
tion-Deficit/Hyperactivity Disorder individuals include better behavior and motor
abilities, improved executive functions (including attention, inhibitory control,
and planning, among other cognitive domains), faster information processing
speed, and better memory (Gawrilow et al., 2016). Physical activity may reduce
Attention-Deficit/Hyperactivity Disorder symptoms, increase self-esteem, re-
duce levels of anxiety and depression and improve social behavior (Zang, 2019).

Among the medication used we can find Stimulants (Methylphenidate, Am-
phetamine) and Non-stimulants (Atomoxetine, Guanfacine). Non-stimulants
were approved for the treatment of Attention-Deficit/Hyperactivity Disorder in

2003 but they do not work as quickly as stimulants.
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Current recommendations advocate the importance of a balanced diet, good
nutrition and supplement for ADHD people.

Reduced Symptoms of Inattention after Dietary Omega-3 Fatty Acid Supple-
mentation in Boys with and without Attention-Deficit/Hyperactivity Disorder
Study (Bos et al., 2015), shows that dietary supplementation with omega-3 fatty
acids reduces symptoms of Attention-Deficit/Hyperactivity Disorder, both for
individuals with ADHD and typically developing children.

The Effect of Vitamin D3 Supplementation on Serum BDNF, Dopamine, and
Serotonin in Children with Attention-Deficit/Hyperactivity Disorder Study
(Seyedi et al., 2019), indicate that Vitamin D3 supplementation in children with
Attention-Deficit/Hyperactivity Disorder can increase serum dopamine levels.

Diet matters for treatment and prevention and also, supplements may im-
prove symptoms of Attention-Deficit/Hyperactivity Disorder. “Joseph Egger re-
ported in the British medical journal The Lancet that 116 of 185 hyperactive
children had a positive response to a low-allergen diet (higher in protein and
lower in simple carbohydrates) supplemented by calcium, zinc, magnesium, and
vitamins” (Amen, 2013: p. 238.).

Traumatic Brain Injury (TBI) is a leading cause of death and disability in
Worldwide and is associated with developing mental conditions, including At-
tention-Deficit/Hyperactivity Disorder. To investigate the link between Trau-
matic Brain Injury (TBI) and Attention-Deficit/Hyperactivity Disorder, a litera-
ture review of studies that examined this relationship was conducted. Numerous
specialized medical pages were searched for original studies that specifically
evaluated the relationship between TBI and ADHD.

An improved understanding of the association between Traumatic Brain In-
jury (TBI) and Attention-Deficit/Hyperactivity Disorder has an important clini-
cal, scientific and public health relevance. If brain injury is found to be a risk in
development of Attention-Deficit/Hyperactivity Disorder, that could lead to the
development of early intervention strategies aimed to prevent the ADHD devel-

opment.

2. Objectives

The aim of this study is to investigate the association between Traumatic Brain
Injury (TBI) and Attention-Deficit/Hyperactivity Disorder, and also to show the
importance of prompt intervention and preventive therapy in order to stop the
Attention-Deficit/Hyperactivity Disorder development and evolution.
The research questions are as follows:
- Does Traumatic Brain Injury (TBI) lead to Attention-Deficit/Hyperactivity
Disorder?
- Is there a link between Traumatic Brain Injury (TBI) and Attention-Defi-
cit/Hyperactivity Disorder?
- Does psychological therapy prevent the Attention-Deficit/Hyperactivity Dis-

order development after Traumatic Brain Injury (TBI)?
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The objective of the present study is to investigate the association between
brain injury and Attention-Deficit/Hyperactivity Disorder, if Traumatic Brain
Injury (TBI) can develop Attention-Deficit/Hyperactivity Disorder in some
point of people lives.

If there is a link between Traumatic Brain Injury (TBI) and Attention-Defi-
cit/Hyperactivity Disorder, a strategies plan in order to decrease the number of
traumatic brain injury is required. Knowing the connection between Traumatic
Brain Injury (TBI) and Attention-Deficit/Hyperactivity Disorder we could have
large clinical, scientific, and public health implications and Attention-Deficit/
Hyperactivity Disorder prevention will be more approachable.

It is known that Traumatic Brain Injury (TBI) symptoms include behavioral or
mood changes, confusion, and trouble with memory, concentration, attention, or
thinking. After brain injury, cognitive and behavioral therapy must start in order
to improve patient independent functioning both at home and in society.

Considering that Traumatic Brain Injury (TBI) and Attention-Deficit/Hy-
peractivity Disorder show common symptoms, the uninterrupted unlimited
psychological therapy for the management of cognitive problems, executive
functioning problems, communication problems, behavioral and emotional
changes problems decrease risk of Attention-Deficit/Hyperactivity Disorder can

prevent Attention-Deficit/Hyperactivity Disorder development?

3. Material and Methods

To investigate the link between Traumatic Brain Injury (TBI) and Atten-
tion-Deficit/Hyperactivity Disorder, a literature review of studies that examined
this relationship was conducted.

PubMed, Science Direct, PsycINFO, Medline were searched for relevant stu-
dies that specifically evaluated the relationship between Traumatic Brain Injury
(TBI) and Attention-Deficit/Hyperactivity Disorder. Titles were examined first
and eliminated based on lack of relevancy to attention and hyperactivity prob-
lems after Traumatic Brain Injury (TBI), abstracts were excluded if the outcomes
clearly did not relate to the association between Traumatic Brain Injury (TBI)
and Attention-Deficit/Hyperactivity Disorder.

The search returned a total of 250 articles published between August 2010 and
March 2019, 186 were examined by title, and 64 were examined based on
abstract. The full text was examined for 43 of the articles and 31 of these were
excluded for the following reasons: not specifically assessing traumatic brain in-
jury and attention deficit/hyperactivity disorder or couldn’t access the article.
Following exclusion of irrelevant articles based on title and abstract, 12 studies
fit a priori inclusion criteria and the analysis found a significant association be-
tween Traumatic Brain Injury (TBI) and Attention-Deficit/Hyperactivity Dis-
order.

The following keywords were used to generate the search: Traumatic Brain
Injury, Attention-Deficit/Hyperactivity Disorder, Brain Injury, Head Injury, At-
tention, Hyperactivity, Therapy, Meditation, Diet.
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4. Results

During the research, associations between lifetime Traumatic Brain Injury (TBI)
and Attention-Deficit/Hyperactivity Disorder development following were ob-
served.

Numerous studies suggested that there is a link between Traumatic Brain In-
jury (TBI) and Attention-Deficit/Hyperactivity Disorder (See Table 1).

Daniel Amen noted that one of the most common causes of ADHD-like
symptoms outside of genetics is head trauma, especially to the prefrontal cortex,
when the prefrontal cortex is injured, people have more ADHD-like symptoms.
Neuroimaging plays a major role in establishing ADHD symptoms after TBI.
Using SPECT brain imaging, he showed that changes in brain structure and
function after TBI are directly related to Attention-deficit/hyperactivity disorder
development. All SPECT brain imaging case studies showed clear decreased ac-
tivity in the prefrontal cortex. In his book, Healing ADD, he described some of
the ADHD cases after TBI, cases that come to show the connection between
Traumatic Brain Injury (TBI) and Attention-deficit/hyperactivity disorder.
ADHD patients who had suffered a Traumatic Brain Injury (TBI), were reported
with old lesions and decreased activity in prefrontal cortex, in temporal lobes or
both prefrontal cortex and temporal lobes, and also in cingulate gyrus (Amen,
2013).

The survey (Max et al., 2005) showed that ADHD in the first 6 months after
injury occurred in 18 of 115 (16%) of returning participants. All subtypes of
ADHD occurred. Children without preinjury ADHD 5 - 14 years old with TBI
were observed prospectively for 6 months with semistructured psychiatric inter-
views. Injury severity, lesion characteristics, and preinjury variables including
psychiatric disorder, family psychiatric history, family psychiatric history of
ADHD, family function, socioeconomic status, psychosocial adversity, and
adaptive function were assessed with standardized instruments. Socioeconomic
status and orbitofrontal gyrus lesions independently significantly predicted
ADHD.

Secondary Attention-Deficit/Hyperactivity Disorder in Children and Adoles-
cents 5 to 10 Years After Traumatic Brain Injury Study (Narad et al., 2018), and
Parent-Reported Mild Head Injury History in Children: Long-Term Effects on
Attention-Deficit Hyperactivity Disorder Study (Li et al., 2018), showed that
Children with a history of Traumatic Brain Injury (TBI) have an increased risk
for the development of Attention-Deficit/Hyperactivity Disorder even many
years after injury. Therefore, childhood head injuries are a significant public
health concern and associated ADHD development later in life.

Longitudinal Study of Postconcussion Syndrome: Not Everyone Recovers fol-
lowed 285 patients who sustained TBIs. Only 27% fully recovered from their
symptoms and of those who did, 67% did so within the first year (Hiploylee et
al., 2017). This suggested that symptoms following a brain injury are common

and that the longer they last, the more likely the symptoms are to be permanent.
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Table 1. Association between TBI and ADHD.

References Design Conclusion
n=1435 - 14 years old TBI SADHD in the first 6 months
followed in five trauma center after injury occurred in 18 of 115
Max et al., 2005 K . L K .
using semistructured psychiatric (16%) of returning participants.
interviews, no preinjury ADHD All subtypes of ADHD occurred

Of the 187 children, 48 (25.7%)
met the definition of SADHD.
Severe TBI was associated

with SADHD compared with the
control group (81 in

the TBI group and 106 in

the control group)

n =187 children with no preinjury
ADHD TBI DSM-Oriented
Attention-Deficit/Hyperactivity
Problems Scale of the
parent-reported

Child Behavior Checklist

Narad et al., 2018

57 children (13.6%) had a
single injury and 42 (10.0%)
n = 418 children TBI longitudinal had multiple injuries before the
study Child Behavior Checklist was  age of 6 years. The long-term
Lietal., 2018 used to measure child effect of multiple mild injury
iDSM-IV-oriented ADHD at ages on ADHD at age 12 years
6 (Wave I) and 12 years (Wave II) was significant (R2 = 0.103,
P<0.05), even after controlling
for ADHD at age 6 years

Among adults with a history
of TBI, 6.6% screened ADHD
positive, and 5.9% reported
having been diagnosed with
ADHD in their lifetime.
Adults with lifetime TBI had
significantly greater odds of
scoring positive on the
ADHD/ASRS screen, and of
reporting a history of
diagnosed ADHD than
without TBI, when holding
values of sex, age, and education

n = 3993 cross-sectional sample TBI
Ilie et al., 2015 surveyed by Computer Assisted
Telephone Interviewing (CATI)

constant.

Youths with TBI reported
TBI =418, no TBI n= 3193 The ADHD symptom severity
relationship of TBI was examined by compared with those without
assessing: 1) ADHD polygenic score TBI. genetic predisposition to

(discovery sample ADHD n = ADHD does not increase the

Stojanovski et al., 2019 19,099, risk for ADHD symptoms
control sample n = 34,194), associated with TBI ADHD
2) basal ganglia volumes, and symptoms associated with
3) fractional anisotropy in the TBI may be a result of a

corpus callosum and corona radiata. mechanical insult rather than
neurodevelopmental factors.

The association between Traumatic Brain Injury (TBI) and ADHD in a Cana-
dian adult sample.

study (Ilie et al., 2015), who followed 3993 Ontario adults aged 18 or older
with a history of TBI, observed significant associations between lifetime brain

injury and Attention-Deficit/Hyperactivity Disorder development. This associa-
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tion appeared robust, occurring roughly similarly among all categories of sex
and education and occurs for adults as well as adolescents.

According to Polygenic Risk and Neural Substrates of Attention-Deficit/Hy-
peractivity Disorder Symptoms in Youths With a History of Mild Traumatic
Brain Injury (Stojanovski et al., 2019), study who followed 3611 youth, 418 of
whom who had sustained a Traumatic Brain Injury (TBI), physical brain injury
in children contributes to the development of Attention-Deficit/Hyperactivity
disorder, distinct from genetic risk for the disorder. Thus, this study suggested
that there are at least two forms of Attention-Deficit/Hyperactivity Disorder: one
form that is an expression of a genetic risk and the other which develops after
Traumatic Brain Injury (TBI). Also, the results above show that when Atten-
tion-Deficit/Hyperactivity disorder symptoms occur in conjunction with Trau-
matic Brain Injury (TBI), established genetic risk for Attention-Deficit/Hype-
ractivity disorder may not be an important risk factor. Therefore, this suggests
that Attention-Deficit/Hyperactivity disorder following Traumatic Brain Injury
(TBI) develops differently, not due to genetic risk, genetic predisposition to
ADHD does not increase the risk for ADHD symptoms associated with TBI.
ADHD symptoms associated with TBI may be a result of a mechanical insult ra-
ther than neurodevelopmental factors (Stojanovski et al., 2019).

We can conclude that Traumatic Brain Injury (TBI) can develop later in
people life, regardless of age, gender and education, a distinct form of Atten-
tion-Deficit/Hyperactivity Disorder, other than genetic form. Studies above
suggested a clear relationship between Traumatic Brain Injury (TBI) and Atten-
tion-Deficit/Hyperactivity Disorder developing (See Table 2). Taking this into
account, strategies plan in order to decrease the number of TBI and interven-
tions that can prevent ADHD are required.

Because the risk of late Attention-Deficit/Hyperactivity Disorder development
after Traumatic Brain Injury (TBI) remains high over an unknown period, pre-
ventive therapeutic approaches should begin early and continue for an unlimited
and uninterrupted period of time.

Studies above come to show the benefits of cognitive and behavioral therapies
for the management of post-head injury symptoms and Attention-Deficit/Hy-

peractivity Disorder symptoms also.

Table 2. Percentage and frequency of ADHD after TBL

Head Injury History ADHD frequency n (%)
Children
aged (n) 5to 14 (143) 18 (16)
5to0 10 (187) 48 (25.7)
Adult
aged (n) 18 or older (3993) (5.9)
total % 18.06
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When it comes about the therapy of patients suffering after TBI, the Study,
Interventions for attention problems after pediatric traumatic brain injury: what
is the evidence? (Backeljauw & Kurowski, 2014), showed us that cognitive train-
ing appears to be beneficial when targeting attention or attention and memory
specifically rather than mixing with other behavioral or cognitive interventions
after Traumatic Brain Injury (TBI).

Cognitive Behavioral Therapy vs relaxation with educational support for me-
dication-treated adults with ADHD and persistent symptoms: a randomized
controlled trial (Safren et al., 2010), randomized controlled trial assessing the ef-
ficacy of Cognitive Behavioral Therapy for 86 symptomatic adults with Atten-
tion-Deficit/Hyperactivity Disorder who were already being treated with medi-
cation, showed that among adults with persistent ADHD symptoms treated with
medication, the use of Cognitive Behavioral Therapy support resulted in im-
proved ADHD symptoms. Cognitive Behavioral Therapy is a promising ap-
proach regarding the treatment of depression and anxiety in adults with ADHD
(Auclair et al., 2016).

According to this study, Mindfulness Meditation Training for Atten-
tion-Deficit/Hyperactivity Disorder in Adulthood: Current Empirical Support,
Treatment Overview, and Future Directions (Mitchell et al., 2015), Mindfulness
Meditation Training for ADHD in Adulthood seems to be a feasible and
well-accepted intervention in ADHD samples.

Early interventions in Attention-Deficit/Hyperactivity Disorder have showed
persisting efficacy, according to the study Preventive Interventions for ADHD: A
Neurodevelopmental Perspective (Halperin et al., 2012). It may result in the di-
minution of later impairment. Therefore, we can conclude that early interven-
tions: cognitive, behavioral therapy and meditation can provide support in order
to help people to manage post-head injury symptoms as well as those with At-
tention-Deficit/Hyperactivity Disorder.

Along with Cognitive Behavioral Therapy, meditation, diet, and regular phys-
ical exercises, Neurofeedback seems to be a viable treatment alternative. Recent
Study (Enriquez-Geppert et al., 2019) showed the efficacy of neurofeedback in
regulating the brain functions in ADHD (See Table 3).

5. Discussion

Traumatic Brain Injury (TBI) is a major global health problem and remains the
single largest cause of trauma morbidity and accounts for nearly one-third of all
trauma deaths. Patients with Traumatic Brain Injury (TBI) often experience en-
during emotional and cognitive sequelae. Increased Traumatic Brain Injury
(TBI) severity also increases the incidence of ADHD from 7% - 46% going from
mild to severe TBI respectively. Thus, children with TBI, less than 2 years old,
have double the risk for the development of ADHD as compared to the general
population (Morse & Garner, 2018).

Studies mentioned above suggested a clear relationship between Traumatic
Brain Injury (TBI) and Attention-Deficit/Hyperactivity Disorder. Taking this
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Table 3. Therapeutic plan.

Therapeutic plan Objection

developing concrete strategies and skills for coping with the
ADHD symptoms (inattention, hyperactivity, impulsivity);

Cognitive developi in i ¢ izati d
eveloping programs in time management, organization, an
Behavioral Therapy .p gp & K L 5 5 . .
planning; improving daily life struggles: procrastination, time
management, distractibility, disorganization
improving focus reducing inattentive and hyperactive/impulsive
Neurofeedback P & & P P
ADHD symptoms
diminishing and combating temper problems, anxiety,
Meditation X o 8 .g p P ¥
impulsivity, restlessness, insomnia, lack of focus
Diet increasing serum dopamine levels

. . improving executive functions; increasing self-esteem; reducing
Regular physical exercises . . . . ] .
levels of anxiety and depression; improving social behavior

into account, strategies plan in order to decrease the number of Traumatic Brain

Injury (TBI) and interventions that can prevent Attention-Deficit/Hyperactivity

Disorder are required.

According to the Centers for Disease Control and Prevention (CDC, 2020),
the best treatment for Traumatic Brain Injury (TBI) is prevention and following
tips bellow we can reduce the risk of brain injury:

- Wear a seat belt every time you drive, or ride, in a motor vehicle.

- Never drive while under the influence of alcohol or drugs.

- Wear a helmet, or appropriate headgear, when you or your children: ride a
bike, motorcycle, snowmobile, scooter, or use an all-terrain vehicle; play a
contact sport, such as football, ice hockey, or boxing; use in-line skates or
ride a skateboard; bat and run bases in baseball or softball; ride a horse; or ski
or snowboard.

- Prevent Older Adult Falls: talk to the doctor to evaluate the risk for falling;
make the home safer.

- Make living and play areas safer for children.

Brain injury prevention can save people from a Traumatic Brain Injury (TBI)
decreasing the risk of mental health problems development.

Thus, first step in prevention of Attention-Deficit/Hyperactivity Disorder de-
velopment is Traumatic Brain Injury (TBI) prevention.

Considering the fact that there is a link between Traumatic Brain Injury (TBI)
and late Attention-Deficit/Hyperactivity Disorder development, we can con-
clude that there is a need for preventive approaches in order to prevent the
Attention-Deficit/Hyperactivity Disorder development.

Because the risk of late Attention-Deficit/Hyperactivity disorder development
after Traumatic Brain Injury (TBI) remains high over an unknown period, pre-
ventive approaches should begin early and continue uninterrupted for an unli-
mited period of time.

Taking into account the symptoms of Attention-Deficit/Hyperactivity Dis-
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order, the approaches must target stopping the appearance of impairment in
memory, attention and concentration, language, executive skills, social judg-
ment, social behavior, and impulsiveness.

As the studies have already shown, early interventions like psychotherapy,
psychosocial interventions, meditation can provide support in order to help
people to manage post-head injury symptoms and to prevent the Atten-
tion-Deficit/Hyperactivity Disorder risk.

Cognitive rehabilitation therapy aims to help people regain their normal brain
function and also learn them compensatory strategies for coping with persistent
deficiencies involving memory, problem solving, and the thinking skills to get
things done. Knowing that the magnitude of executive dysfunction and attention
problems would be moderated by family and parenting factors (Kurowski et al.,
2011), family therapy can help family members to find better ways to handle
disruptive behaviors and to encourage behavior changes, and improve interac-
tions with the patient. Parenting training teaches parents the skills they need to
encourage and reward positive behaviors in their children.

Mindfulness meditation could help people decrease the impact of negative
cognitions. This type of metacognitive awareness that mindfulness purportedly
elicits may also be expanded beyond cognition to observing one’s own body,
emotional reactions, overt behavior, and environmental feedback with greater
awareness, which can lead to improved overall self-monitoring and self-regulation.
Meditation is a simple technique that can help in prevention of Attention-Defi-
cit/Hyperactivity Disorder development by controlling stress, decreasing anxie-
ty, improving cardiovascular health, and achieving a greater capacity for relaxa-
tion. Mindfulness meditation practices can be conceptualized as a set of atten-
tion-based, regulatory, and self-inquiry training regimes cultivated for various
ends, including wellbeing and psychological health (Lutz et al., 2015).

Regular Physical exercise must have an important place in the preventive plan
of decreasing the risk of Attention-Deficit/Hyperactivity Disorder, the long-term
effects of regular exercise individuals include better behavior and motor abilities,
improved executive functions, faster information processing speed, and better
memory. Physical activity may prevent Attention-Deficit/Hyperactivity Disorder
symptoms, increase self-esteem, reduce levels of anxiety and depression and im-
prove social behavior.

Also, a healthful diet can prevent and reduce symptoms of Attention-Deficit/
Hyperactivity Disorder by reducing exposure to artificial colors and additives
and improving intake of omega-3 fats and micronutrients.

When it comes to Neurofeedback technique, used alone or in combination
with pharmacological treatment, it gained increasing interest in the treatment of
Attention-Deficit/Hyperactivity Disorder being a viable treatment improving
some of the behavioral concomitants of ADHD (Pakdaman et al., 2018). Atten-
tion-Deficit/Hyperactivity Disorder differs in terms of the type of presentation
(inattentive, impulsive/hyperactive, or combined). Training in neurofeedback

has proven its effectiveness when it comes about impulsive/hyperactive ADHD
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children and combined ADHD children presentation reducing the symptoma-

tology associated with attention deficit with hyperactivity disorder (Cueli et al.,

2019). In terms of efficacy in adults, study (Schonenberg et al., 2017) examined

the efficacy (compared with sham neurofeedback) and efficiency (compared

with meta-cognitive therapy) of a standard EEG neurofeedback protocol in
adults with ADHD. All three treatments were equivalently effective in reducing

ADHD symptoms.

Thereby, a feasibility plan of action in treating Attention-Deficit/Hy- perac-
tivity Disorder after a Traumatic Brain Injury (TBI) in order to stop the appear-
ance of impairment in memory, attention and concentration, language, execu-
tive skills, social judgment, social behavior, and impulsiveness must contain the
steps bellow:

- Creating a therapeutic plan focused on Cognitive Behavioral Therapy to im-
prove daily life struggles: procrastination, time management, distractibility,
disorganization, poor internal supervision, short attention span;

- Creating a Regular Physical exercise plan: physical exercises have positive ef-
fects on health and well-being, improve mood and quality of life and reduce
stress, decrease impulsivity and hyperactivity, improve attention, and per-
formance;

- Creating a Mindfulness Meditation program: it helps to diminish and combat
temper problems, anxiety, impulsivity, restlessness, insomnia and lack of fo-
cus;

- Focusing on the diet: diet can have a positive effect on cognition, feelings,
and behavior being an important tool in prevention and control of ADHD
symptoms;

- Ensuring a stable and friendly living environment;

- Creating a neurofeedback program: in order to achieve healthier, more fo-
cused state, and reduce inattentive and hyperactive/impulsive ADHD symp-
toms;

- Boosting the brain’s reserve (extra brain function) to cope with stress factors.

The brain is a plastic organ that changes, reacts and adapts to its environment.
Thanks to neuroplasticity, the brain that changes itself (Doidge, 2010), this plan
can have significant implications for healthy development, learning, memory,
recovery from brain damage making possible prevention for Attention-Deficit/
Hyperactivity Disorder development.

Harnessing neuroplasticity may not only offer an arm in the vast arsenal of
approaches being taken to tackle neurological disorders, such as neurodegenera-
tive diseases, but from ample evidence, it also has major implications in neurop-
sychological disorders (Sasmita et al., 2018). Recent studies have shown that
CBT has the impact of physically changing the brain, highlighting the role of
neuroplasticity in successful recovery from these psychological disorders. Every
sustained activity ever mapped, including physical activities, sensory activities,
learning, thinking, and imagining, changes the brain as well as the mind
(Doidge, 2010).
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Cognitive Behavioral Therapy along with regular exercise, diet, meditation
and Neurofeedback have shown that it is the perfect approach in order to pre-
vent the ADHD development following a brain injury.

6. Conclusion

The results of the current literature review suggest that there is connection be-
tween lifetime Traumatic Brain Injury (TBI) and Attention-Deficit/Hyperactivity
Disorder development and we can conclude that Traumatic Brain Injury (TBI)
can develop later in people life, regardless of age, gender and education, a dis-
tinct form of Attention-Deficit/Hyperactivity Disorder, other than genetic form.

To facilitate reducing the risk of Attention-Deficit/Hyperactivity Disorder
among people with Traumatic Brain Injury (TBI), uninterrupted therapeutic in-
tervention must start early for an unlimited period of time and clinicians should
monitor for signs of ADHD onset in the years after TBI. Mental health profes-
sionals play a critical and important role in the prevention and treatment of both
Traumatic Brain Injury (TBI) and Attention-Deficit/Hyperactivity Disorder.

Cognitive Behavioral Therapy, Mindfulness meditation, Regular Physical ex-
ercise and healthy diet should be part of early intervention increasing the
chances for a patient better life.

Additional studies are required in the future for exploring the mechanisms
underlying the relationship between Traumatic Brain Injury (TBI) and Atten-
tion-Deficit/Hyperactivity Disorder and developing specific diagnostic markers
for identifying Attention-Deficit/Hyperactivity Disorder in people with brain
injury.

Considering the limitations and the strengths of this current study, continued
research is necessary to better understand the association and outcomes of
Traumatic Brain Injury (TBI), and develop effective programs and treatments in
order to decrease the risk of Attention-Deficit/hyperactivity disorder develop-
ment.

All the findings of the present study showed that Cognitive Behavioral Thera-
py, regular physical exercises, diet, meditation and Neurofeedback are the per-

fect approach in order to prevent the ADHD development following a brain in-

jury.
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