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Attention-deficit hyperactivity disorder (ADHD) is a neurobehavioral disorder that is prevalent in school-aged children and also found in adults.  It is generally found in 3% to 9% of school-aged children, although this estimation varies among populations (Markowitz, Straughn, & Patrick, 2003; Wilens, 2003; Zillmer & Spiers, 2001).  The percentage of adults that are diagnosed with ADHD is thought to be much smaller, 2% (Wilens, 2003).  It has previously been thought to be more prevalent in boys than in girls, with a ratio ranging from 3:1 to 9:1 (Zillmer & Spiers, 2001).  However, more recently, the prevalence in girls has been increasing.


The defining characteristics of ADHD in the Diagnostic and Statistical Manual of Mental Disorders (DSM) has undergone slight changes since it’s beginning in 1980 (Zillmer & Spiers, 2001).  “The revisions involve introducing different diagnostic models, changing exclusionary criteria, and delineating specific subtypes,” (Zillmer & Spiers, 2001, p.283).  These changes are shown in Table 1.  

Table 1

Changing ADHD Criteria

	DSM III (1980)
	Symptom Presentation

	Attention-deficit with hyperactivity
	Inattention, impulsivity, and hyperactivity

	Attention-deficit without hyperactivity
	Inattention and impulsvity

	DSM III-R (1987)
	

	Attention-deficit/hyperactivity disorder
	Inattention, impulsivity, and hyperactivity

	Undifferentiated attention-deficit disorder
	Inattention

	DSMIV (1994)
	

	Attention-deficit/hyperactivity disorder – combined type
	Inattention, impulsivity, and hyperactivity

	Attention-deficit/hyperactivity disorder – inattentive type
	Inattention

	Attention-deficit/hyperactivity disorder – impulsive-hyperactive type
	Impulsivity and hyperactivity


Note. From Principles of Neuropsychology (p.283), by E.A Zillmer and M.V. Spiers, 2001, Belmont, CA: Wadsworth Thomson Learning. Copyright 2001 by Wadsworth Thomson Learning.


Despite the changes in the DSM through the years, the symptoms of ADHD remained constant and consist of inattention, impulsivity, and hyperactivity.  Markowitz et al. (2003) state that inattention can result in careless work, mistakes, poor listening, being easily distracted, and forgetfulness.  Impuslivity can cause interruptive behavior, impatience, and frequent accidents and hyperactivity can result in the child being fidgety and restless (Markowitz et al.).  Children with ADHD are also thought to excessively talk, run, and have accidents due to not paying attention.  Peers of these children usually avoid them and describe them as bossy and uncooperative (Zillmer & Spiers, 2001). 

 In order for a child to be diagnosed with ADHD, these symptoms must persist, with some severity, for extended periods of time.  A doctor must evaluate the child, both physically and neurologically.  As seen in Table 1, there are three subtypes to ADHD.  The subtypes are necessary because one symptom may outweigh the others.  However it is thought that a majority of the children with ADHD have both inattention and hyperactivity-impulsivity (Markowitz et al.).

Although it is generally thought that the symptoms of ADHD decline with age, there are many cases of adult ADHD.  Simpson and Plosker (2004) state that inattention and impulsivity are more prevalent in adults and hyperactivity tends to decline with age.  On the other hand, Wilens (2003) and Markowitz et al. (2003) state that hyperactivity and impulsivity decay with age and it is only the inattention symptom that persists.  Though somewhat contradictory it is usually thought that inattention is prevalent in adults with ADHD.  Wilens (2003) specifically states that 50% of adults with ADHD have hyperactivity and impulsivity symptoms and 90% have predominately attention problems.  Adult ADHD usually results in the “inability to complete tasks, forgetfulness, low frustration tolerance and high-risk behavior resulting in academic underachievement and problems with job retention, personal relationships, self-organization and self-esteem,” (Simpson & Plosker, 2004, p.210).  Adults with ADHD also tend to have trouble manipulating information, organizing and managing time (Wilens, 2003).  


Markowitz et al. (2003) and Zillmer and Spiers (2001) state that individuals with ADHD have greater rates of comorbidity with certain psychological disorders.  It has been found that oppositional defiant disorder (ODD) and conduct disorder (CD) are the most likely to be comorbid with ADHD.  Also, individuals with ADHD are more likely to suffer from depression and anxiety disorders than individuals that do not have ADHD.  Wilens (2003) states that adults with ADHD are more likely to have substance abuse disorders and bipolar disorders as well.


Environmental factors may play a role in the development of ADHD.  These could include complications during pregnancy and delivery, such as hypoxia (Markowitz et al., 2003).  Markowitz et al. also suggest that ADHD could result from dietary problems, lead exposure, and exposure to other toxins such as nicotene and alcohol during pregnancy.  

Many studies have found there to be a common genetic predisposition for ADHD.  Zillmer and Spiers (2001) suggest that the higher prevalence of ADHD in first- and second-order relatives reveals the familial heritage of the disorder.  They state there has recently been a relationship found between ADHD and chromosomes 5, 6, and 11, this however has not yet been investigated extensively.  

ADHD is thought to involve the dopaminergic system, specifically the dopamine transporter gene (DAT1), the genes expressing D4, D3, and D2 dopamine receptors, and dopamine-beta-hydroxylase (Simpson & Perry, 2003; Markowitz et al., 2003).  These all act to decrease arousal by dopamine.  It is thought to involve the regulation of dopamine and norepinephrine, which is required for optimal functioning (Simpson & Plosker, 2004).  

A study done by Quist et al. (2003) investigated the involvement of serotonin (5-HT) in ADHD.  This seems to coincide with the knowledge that serotonin and dopamine are interconnected and regulate each other.  Serotonin has also been found to be involved in behavioral aggression and impulsivity.  Their investigation was prompted because they believe that the 5-HT1B receptor may alter dopamine because it functions presynaptically and postsynaptically.  Quist et al. (2003) state that the 5-HT1B receptor is involved in the mediation of serotonin’s regulatory effect on dopamine, thus relating it to ADHD.  Their results suggested that the 5-HT1B receptor may be a risk factor in ADHD because a defective 5-HT1B receptor can lead to problems in the serotonin-dopamine regulation.

Zillmer and Spiers (2001) suggest that there are three primary areas of the brain that are related to ADHD.  One of the regions is the corpus callosum.  It is thought that abnormalities in this structure of the brain will disrupt the transmission of impulses between the right and the left hemispheres.  This then disrupts the communication between the hemispheres and interferes with behavioral control.  Zillmer and Spiers (2001) however, suggest that the research on this relationship is inconsistent.  

Another area of the brain that is thought to be related to ADHD is the frontal cortex.  It has been found that the right prefrontal lobe is smaller in children with ADHD.  This makes the brain more symmetrical because the right prefrontal lobe is generally larger than the left prefrontal lobe.  This correlates with the symptoms of ADHD because the right prefrontal lobe is involved in attentional functioning.  Landau, Auerbach, Gross-Tsur, and Shalev (2003) state that children with ADHD have problems with executive functioning, including, initiation and planning.  This correlates with the idea that the right prefrontal cortex is smaller or damaged in children with ADHD because the frontal cortex is the area of the brain that controls executive functioning.

Shin, Kim, Cho, and Kim (2003) did an investigation of children with ADHD involving the Rey-Osterreith Complex, which is used to evaluate the visuospatial construction and nonverbal memory skills by asking subjects to copy a geometric figure and then reconstruct it from memory.  These tasks involve the frontal lobe.  They found that the children with ADHD had lower organization scores than those children without ADHD.  This study provides support for the correlation between ADHD and frontal lobe dysfunction.

The third area suggested by Zillmer and Spiers (2001) is the frontal-basal ganglia.  They state that “the prefrontal lobes send projections to the basal ganglia that, in turn, direct projections back to the prefrontal lobes via thalamic nuclei, forming neural circuits,” (p.285).  They suggest that neural imaging studies have found decreased cerebral blood flow in the basal ganglia nuclei in children with ADHD.  

There has also been a correlation found between ADHD and the reticular activating system (Newideas.net Incorporated, 2000, 2001, 2002, 2003).  The Reticular activating system is the attention center of the brain.  It is connected to the spinal cord and receives information from the ascending sensory tracts.  It provides the neural connections necessary for the processing and learning of information and the ability to pay attention to various tasks and stimuli.  It has been suggested that ADHD is related to a deficiency in norepinephrine and dopamine in the ascending reticular activating system, which would lead to too much excitement of the reticular activating system (Newideas.net Incorporated, 2000, 2001, 2002, 2003).  This could contribute to the hyperactivity and restlessness found in individuals with ADHD.

There have been many different treatment plans developed for ADHD.  The treatments are focused on the major symptoms of ADHD.  Zillmer and Spiers (2001) suggest that pharmocology and behavioral management are the most widely used forms of treatment.  “Behavioral management involves using learning principles to develop interventions to facilitate or inhibit behavior” (Zillmer & Spiers, 2001, p.292).  Markowitz et al. (2003) suggest that parent training and social skills training can also be used for the treatment of ADHD.  They state that these interventions can be helpful if they remain constant to the individual.  Behavioral management tends to have positive effects during treatment, however, once the treatment is finished the symptoms tend to come back quickly (Zillmer & Spiers, 2001).  

The popular treatment for ADHD is the use of various stimulant medications.  Probably the most widely used are the drugs called methylphenidates (MPH).  This class of drugs includes Ritalin and Concerta.  These stimulant medications involve the dopaminergic system.  They all work to inhibit the presynaptic dopamine transporter, amplifying neurotransmission by increasing the amount of dopamine in the synapse (Markowitz et al., 2003).  Markowitz et al. suggest that MPH is soluble in the fluids of the intestinal track and thus absorbed in the intestines and the colon.  Once this occurs the drug goes into circulation and is distributed to the various tissues.  Markowitz et al. state that there is little, if any, accumulation of the MPH from day to day.  They note that there are variations between the different formulations of MPH, however they all have basically the same effect.  The recent formulation is d-Methylphenidate better known as Focalin.  It may have a “longer duration of action and cleaner pharmacologic effects” (Markowitz et al., 2003, p.1295).

A study conducted by Moll, Heinrich, and Rothenberger (2003) found that a single dose of 10 mg of MPH was significantly effective within one to two hours.  Similar to Markowitz et al. (2003), they also suggest that it was due to the “drugs ability to increase levels of noradrenaline and dopamine in the extracellular space” (Moll et al., 2003, p.71).  

This drug may have adverse effects on certain individuals.  It may cause insomnia, appetite suppression, and may lead to abuse (Simpson & Perry, 2003).  Wilens (2003) suggests that stimulants may also cause weight loss, dysphoria, tics, and headaches. The strong potential for abuse may be due to the increase in extracellular dopamine levels in the subcortical areas (Simpson & Plosker, 2004).  

A new nonstimulant treatment for ADHD has recently been developed and is called atomoxetine, better known as Strattera.  Atomoxetine is a selective norepinephrine reuptake inhibitor that has no known potential for abuse (Simpson & Perry, 2003).  Atomoxetine has been found to be an effective treatment for adults with ADHD and is not a controlled substance in the United States (Simpson & Plosker, 2004).  It is a good treatment for individuals at risk for substance abuse problems.

Simpson and Perry (2003) suggest that atomoxetine works by balancing the noradrenergic and dopaminergic neurotransmission systems, which is necessary for the treatment of ADHD.  They also found that atomoxetine “increased extracellular levels of norepinephrine and dopamine in the prefrontal cortex and increased extracellular norepinephrine, but not dopamine, in the nucleus accumbens and striatum” (Simpson & Perry, 2003, p.409).  This gave strong support for it’s positive effects in individuals with ADHD.  It also shows the difference between MPH and atomoxetine.  MPH increases both extracellular norepinephrine and dopamine levels in the prefrontal cortex, as well as the nucleus accumbens and the striatum, while atomoxetine does not increase the extracellular dopamine levels that lead to the potential for abuse (Simpson & Perry, 2003).  

ADHD is a serious disorder affecting children and adults.  Although there is already extensive research pertaining to ADHD and the treatment of it, there is still a need for more studies to be conducted and published.  There are many aspects of this disorder that are still not very well understood.  As discussed, there are many ways to help control the symptoms of ADHD, however this disorder still affects many individuals. 
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