Review Title: The Impact of Exercise on Cognitive Function of Children and Adolescents Who Suffer with Attention Deficit Hyperactivity Disorder (ADHD).

Abstract:
Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder related to the deficiency of central catecholamines (CA) in cognitive, physical, and behavioural attributes that are usually diagnosed in early childhood (Medina et al., 2010). This systematic review aims to review the results of studies relating to the examination of acute/short-term and chronic/long-term effects of physical activity on the cognitive functions and behaviour of children and adolescents with ADHD. The aim is to understand the specific effects of physical activity on cognitive function and behaviour in young people with ADHD which will specifically cover the importance of physical activity being introduced as a therapeutic modality in improving the symptomology behaviour of ADHD.

Background:
Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder related to the deficiency of central catecholamines (CA) in cognitive, physical, and behavioural attributes that are usually diagnosed in early childhood (Medina at el., 2010). ADHD can affect the behaviours of being able to control impulsivity, being overly active and causing issues with paying attention to things (Medina at el., 2010).  ADHD is termed an umbrella diagnosis, due to its three differential types of ADHD symptomology encompassing the differences between individuals with ADHD depending on their symptoms and behavioural characteristics (Medina at el., 2010). There are three different presentations of ADHD; the predominantly inattentive, where the person is easily distracted, can forget daily tasks easily, find it hard to pay attention, struggles to hold conversations and finds it hard to organise or complete a task (Medina at el., 2010). The second type is the predominantly hyperactive-impulsive presentation, where an individual fidgets a lot, finds it hard to sit still for long and talks a lot (Medina at el., 2010). The individual may feel restless and extremely impulsive, they may interrupt others, speak over others because they cannot wait their turn to speak, and it may lead to them having more accidents or being clumsier than other people and cause injuries to themselves more often than others (Medina at el., 2010). The third presentation is a combined presentation of both the predominantly inattentive and predominantly hyperactive-impulsive presentations. This means a person with combined presentation experiences symptomology from both other presentations (Medina at el., 2010). Symptoms may change over time due to age or environment changes that can lead to a change in diagnosis. Diagnosis of ADHD usually comes in early childhood and is not diagnosed with a singular test as it comes with medical examinations to rule out other conditions that may present with the same symptoms as ADHD (Medina at el., 2010).   
The behaviours associated with ADHD are widely talked about throughout the world as they affect the cognitive functions in not only childhood but adulthood ADHD. However, there is limited research into the affect that exercise has upon improving or benefitting the behaviours of cognitive function associated with the disorder which is interesting from a research point of view as the global prevalence rate of ADHD is between 5.3% for under 18s with it being three times more common in boys than girls 9.2% versus 3.0% of people independent of the age categories (Wittchen et al., 2011).
School aged children affected by ADHD particularly struggle with two key elements: behavioural problems and deficits in cognitive functions (Gapin and Etnier, 2010). Now, with current research the first key treatment of ADHD is to medicate a person because ADHD is associated with low dopamine levels in the frontal lobe of the striatum (low dopamine levels relate to a decrease in motivation and affect the ability to concentrate) (Vaidya et al., 1998). Research has shown that medication isn't as effective in creating an intervention within the psychosocial setting however they positively alter deficiencies like defiant behaviour so they will always be a first and effective treatment for ADHD (Vaidya et al., 1998). The recent use of engaging in physical activity/exercise as a treatment method for ADHD has come into play with its effectiveness in influencing reaction times, working memory, planning and problem solving. A biological adaptive response of brain function to a stimulus generated by exercise has proven to increase dopamine levels and norepinephrine levels which has led to a decrease in the stimulant medication intake (Katz et al., 2010).
The above study has raised questions as to whether physical activity produced both short and long-term effects on cognition and behaviours in people who suffer with ADHD, as understanding the effects that physical activity has on people of this population group with their cognitive functions can help decide about whether physical activity should be used as a treatment method through educational systems relating to ADHD. 
The Centers for Disease Control and Prevention (CDC) funds the National resource centre for ADHD a programme that works with children and adults that closely works to monitor symptoms through childhood ADHD into adulthood ADHD. Symptoms may persist into adulthood or if a diagnosis is missed symptoms may be picked up during adulthood as they may cause difficulties at work, within relationships and/or home (Medina at el., 2010). 
Negative outcomes associated with having ADHD can affect personal, social, and educational situations that might impair the functional adaptations throughout life which is why the importance of research into cognitive functions during exercise is relevant as it may be a beneficial way to improving the symptoms and daily struggles caused by ADHD. A growing body of literature suggests that exercise may positively alter brain plasticity through neurocognitive, neuroadaptive and neuroprotective processes which are altered during cognitive function exercises (Dishman et al., 2006).    
Barkley (1997) suggests that inhibition is the principal deficit of ADHD, which impeded four executive neuropsychological functions including working memory, self-regulation, internalisation of speech reconstitution leading to behavioural problems with self-regulation meaning the inattention and hyperactivity-impulsivity, the main symptoms of ADHD. Therefore, if physical exercise/activity can improve a person's cognitive function it can improve their daily function improving self-regulation of ADHD behavioural symptoms such as impulsivity and hyperactivity.  

Method:
This systematic review aims to review the results of studies relating to the examination of acute/short-term and chronic/long-term effects of physical activity on the cognitive functions and behaviour of children and adolescents with ADHD. Additionally, the review has investigated the possibility of mediators and moderators that accompany the relationship of physical activities effects on cognitive function in ADHD. This specific systematic review was designed using the PRISMA guidelines and databases filtered through were, PubMed, Web of Science and ProQuest. Limitations were described in a table for each databases filtered: PubMed’s limitations were publications from 200-2017, Web of Science was limited to children aged 6-12 and ProQuest was adolescents aged 13-18. The limits of each search were defined as including Physical activity listed as any activity that involved cardiovascular fitness, resistance training, aerobic and anaerobic training, as well as acute and chronic exercise. Children and adolescents were described as through the categories of childhood, school-age, youth, adolescents, teenager’s, students and high school. 

Review Questions:
The specific question that this systematic review will look at is:
1. Can physical activity produce short- and long-term improvements on cognition and behaviour in young people with ADHD?
The aim is to understand the specific effects of physical activity on cognitive function and behaviour in young people with ADHD which will specifically cover the importance of physical activity being introduced as a therapeutic modality in improving the symptomology behaviour of ADHD. 

Inclusion Criteria:
The selection criteria for this study were that of a full report published in a peer-reviewed journal. 
1. The study needed to surround a population of people with ADHD. 
2. The age population was that of primary school and high school students of ages six to eighteen years old. 
3. There were no exclusion criteria relating to any specific ethnicity backgrounds. 
4. A comprehensive search of five different databases was conducted between 2000 and 2017. 
5. Any papers searched that related to physical activity, defined as any exercise that contributes to cardiovascular fitness, aerobic or anaerobic fitness, acute or chronic fitness or resistance training. 
The search process was carried out by three different independent reviewers (SSM, ARA, and EJML) who summarised first and then studies that were potentially accurate for the review were screened for retrieval. 

Search Strategy:
Gathering data from peer reviewed articles will allow me to discover whether physical exercise/activity has any effect on the cognitive function of people who suffer with ADHD, predominantly children and adolescents. 
The primary search terms will be, ‘Effects of Physical Activity/Exercise’, ‘Cognitive Function’, ‘ADHD in Children and Adolescents’. 
The following databases searched will be:
1. PubMed
2. Web of Science
3. ProQuest

Data Synthesis:
The data collected from the studies found will be accurately synthesised. Each study will be explained thoroughly based on the information presented and obtained by: 
1. Publications details – date and year published and authors
2. Population and characteristics of study – gender and age, type of ADHD
3. Intervention – type of physical activity used, duration and length of intervention
4. Successful or Non-successful outcomes – did the study do what it intended to do? What were the outcomes of the study, positive or negative or non applicable. 
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