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ABSTRACT

ADHD is a prevalent childhood disorder. The most common treatments are medication and behavior management. However, new research has confirmed deficits in cognitive skills in people with ADHD. Consequently, cognitive training programs are beginning to emerge as a treatment alternative. Moreover, some new trials with omega-3, omega-6, and zinc have shown positive results on ADHD symptoms. This study is comparing medical, behavioral, cognitive, and nutritional treatments of ADHD. Medical treatment works fast and effectively, but it works for only a limited time and has unpleasant side effects. Behavioral treatment targets mostly peripheral features of ADHD but can improve social functioning and organizing. Cognitive treatment improves core features of ADHD with some generalization effect, but it takes some time before the treatment becomes effective. Nutritional treatments in form of omega-3, omega-6, and zinc supplements are effective, but more studies need to confirm the results. Overall, integration of all or several forms of treatment seems to be the best approach.
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CHAPTER I

INTRODUCTION

Introduction

Attention Deficit/Hyperactivity Disorder (ADHD) is a prevalent disorder among children. In the Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision (DSM-IV-TR, 2000), the American Psychiatric Association estimates the number of affected children to be 3%-7%. Despite the high prevalence, a single theory is still lacking to describe ADHD, making diagnosis somewhat arbitrary (Castellanos & Tannock, 2002; McGough & Barkley, 2004). This results in both over diagnoses and under diagnoses (Paule et al., 2000). So far, the most common treatments have been medication and some form of behavioral intervention (Johnston, Seipp, Hommersen, Hoza, & Fine, 2005). However, research is now pointing toward deficits in cognitive skills in people with ADHD (Schweitzer et al., 2000; Westerberg, Hirvikoski, Forssberg, & Klingberg, 2004; Young, Morris, Toone, & Tyson, 2006; Leitner, Doniger, Barak, Simon, & Hausdorff, 2007). Non-medical interventions, such as different forms of brain training, have consequently been developed to target the cognitive functions of the brain (Marachi, 2006; Klingberg, Forssberg, & Westerberg, 2002; Klingberg et al., 2005). Moreover, interventions in the form of nutritional adjustments are popular among parents who want to be more in charge over the treatment of their child’s ADHD (Rojas & Chan, 2005; Johnston et al., 2005). So far, no comparison has been made between medical treatment, behavioral treatment, cognitive training, and nutritional treatment. Due to new research in the area of cognitive training and nutritional supplements, it is imperative to evaluate each of the previously mentioned treatments’ efficacies to find the best treatment alternative for people with ADHD.

Medical Treatment of ADHD

The most widespread treatment of ADHD appears to be medication (Johnston et al., 2005). Stimulants like amphetamines and methylphenidates are the most common types (Wolraich, McGuinn, & Doffing, 2007). Side effects range from headache, decreased appetite, and insomnia to nervousness and moodiness (Pliszka, 2007). Some people are bothered by the side effects to the extent of dropping out of treatment (MTA Cooperative Group, 1999). Further, medication does not cure the problem with ADHD. Once medication is discontinued, the positive effects disappear, and medication does not show any long-term effects (Hansen & Hansen, 2006; Jensen et al., 2007). Still, parents of children with ADHD often worry about side effects and the role medicine will play in the long run (Hansen & Hansen). Therefore, many parents feel more at ease with behavioral interventions.

Behavioral Treatment of ADHD


Behavioral treatments can take many forms such as individual or group parent training with or without the child, peer training, or having a teacher’s aide in the classroom (MTA, 1999; Danforth, Harvey, Ulaszek, & McKee, 2006). Parental satisfaction is usually great with behavioral treatments, perhaps because they are taught strategies in coping with their child’s difficult behavior (MTA). Behavioral strategies can decrease hyperactive symptoms and “reduce parental stress” (Danforth et al., p. 188). In order for behavioral treatment to be effective, it needs to be correctly executed both in school and at home (Daly, Creed, Xanthopoulos, & Brown, 2007). Some researchers suggest that behavioral intervention targets mostly peripheral features of ADHD, while medication targets the root problem (Rapport, Chung, Shore, & Isaacs, 2001). In any case, behavioral treatment has its best effect in combination with medication (MTA). However, behavioral treatment in combination with cognitive treatments has not been evaluated.

Cognitive Treatment of ADHD


Research has confirmed deficits in executive functioning in people with ADHD (Schweitzer et al., 2000; Levy & Swanson, 2001; Castellanos & Tannock, 2002; Westerberg et al., 2004; Messina, Tiedemann, Andrade, & Primi, 2006; Young et al., 2006; Leitner et al., 2007). Executive functioning is defined as “the ability to inhibit a prepotent response, planning, reasoning, and [working memory]” (Klingberg et al., 2005, p. 177). Some companies, like Cogmed, Braintrain, Unique Logic + Technology, and LearningRx, have developed programs targeting cognitive skills, and reportedly show improvement in the symptoms of ADHD students (Klingberg, 2006; Braintrain, 2007; Unique Logic + Technology, 2006; T. Dickinson, personal communication, September 17, 2007) Cogmed’s computer program targets only working memory skills, while the other three companies’ programs target wider areas of cognitive skills, for example working memory, auditory and visual processing, reasoning abilities, and reading (Cogmed; Braintrain; Unique Logic + Technology; T. Dickinson, personal communication). Some data indicate that training of cognitive skills has continued effect one year after finished program (Klingberg; T. Dickinson, personal communication). According to Dickinson, it is not yet clear why LearningRx’s program has this long-term effect, and data is being collected for future research on this topic (T. Dickinson, personal communication). Cognitive treatments take a lot of extra time, something nutritional treatments don’t require once introduced.

Nutritional Treatment of ADHD


Nutritional treatment of ADHD, either by supplements or by elimination of certain foods, has been hotly debated (Rojas & Chan, 2005). The most well known dietary modifications consist of eliminating dyes and additives (the Feingold diet), eliminating allergy causing food (the Oligoantigenic diet), eliminating sugar, or adding essential fatty acids. All these diets have been clinically evaluated with mixed results (Rojas & Chan). Nevertheless, parents who put their children on dietary modifications usually believe in their usefulness (Johnston et al., 2005). Further, recent studies indicate that supplements of omega-3 and omega-6 possibly reduce symptoms of ADHD (Sinn & Bryan, 2007; Germano et al., 2007; Richardson, 2006). Long chain omega-3 is less frequent in blood samples of ADHD subjects, which makes it harder for the body to synthesize as much docosahexaenoic acid (DHA) as in normal subjects (Germano et al.). According to Germano, et al., “DHA … is very important for the growth of retina and brain” (p. 2). With all these different treatments available, it can be hard for a parent to know which one to choose.
Statement of the Problem
Due to undesired side effects of ADHD medication, the author will explore if treatments other than medicine can have equal or better effect in ADHD subjects.

Research Questions
1. What are the alternatives to medical treatment of ADHD?

2. How might working memory training alleviate symptoms of ADHD?

3. Which nutritional treatments alleviate symptoms of ADHD?

4. Are omega-3 and omega-6 as effective when taken in childhood as if taken when the mother is pregnant and breastfeeding?

5. Which treatment form is most effective in treating ADHD?

Definitions of Terms

Working memory: the part of memory that processes information for use within a short period of time (Westerberg et al., 2004)

Visual-spatial working memory: the part of working memory that deals with visual and spatial information

Behavioral treatment: behavior management strategies for parents, children, and teachers targeting challenges with ADHD-typical behavior (MTA, 1999)

Cognitive treatment: training of working memory functions, reasoning abilities, and auditory and visual processing skills (LearningRx Inc., 2007)

Nutritional treatment: treatment with vitamins, minerals, and/or food modifications

Executive Functioning: “the ability to inhibit a prepotent response, planning, reasoning, and [working memory]” (Klingberg et al., 2005, p. 177)

Essential Fatty Acids: fatty acids the body cannot produce, but must be supplemented through food intake (Loscalzo, 2004)

Arachidonic acid (AA): an essential fatty acid derived from omega-6 (Richardson, 2006)

Eicosapentaenoic acid (EPA): an essential fatty acid derived from omega-3 (Richardson, 2006)

Docosahexaenoic acid (DHA): an essential fatty acid for babies (but not for adults) derived from omega-3 (Loscalzo, 2004)

Overview of Study


Chapter I is the introduction to the comparison between medical, behavioral, cognitive, and nutritional treatments of ADHD. In chapter II the theory behind medication of ADHD and its results is discussed, and also the theory behind behavioral treatment and its results. Further, the chapter also contains a discussion on the MTA study and its two follow-ups. Chapter III contains the theory behind cognitive training as well as results from such training. In chapter IV the theory behind nutritional treatments and the results of supplements and food modifications is discussed, and chapter V contains the summary, discussion, conclusion, and recommendations pertaining to the topic.
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CHAPTER II

MEDICAL AND BEHAVIORAL TREATMENTS

Medical Treatment of ADHD

Treating ADHD with medication is the most common approach (Johnston et al., 2005). However, for many parents medication constitutes the dilemma of weighing the side effects against the benefits of the medication (Hansen & Hansen, 2006). Moreover, the effect of stimulant medication lasts for only approximately 8 hours, and the rest of the day the caregiver has to deal with an unmedicated child (Daly et al., 2007). Nevertheless, parents’ attitudes toward medicine have become more favorable over the last 20 years; in more recent years, few parents refuse to put their children on stimulant medication (Hansen & Hansen). Medicine also ameliorates ADHD children’s social behavior in most studies, but not all (Daly et al.). However, research has yet to come up with evidence of long-term gains; in fact, the only long-term evaluation to date of medicine use in ADHD did not present any exclusive long-term gain for medication (Jensen et al., 2007). Moreover, up to 30% of children and up to 50% of adults with ADHD do not respond to medication (Danforth, et al., 2006; Ramsay & Rostain, 2007). Although none of the theories about ADHD to date have been able to pinpoint the exact pathology of ADHD, medication continues to be the most utilized treatment due to its obvious positive outcome on behavior problems associated with ADHD.
Theory Behind Medical Treatment


Theories lying as bases for medicine use include catecholamine dysregulation, hypo-dopaminergic activity, inhibition problems in the basal ganglia, and dysregulation in the noradrenergic systems (Levy & Swanson, 2001). Medication is thought to correct these problems. All these theories attempt to explain why stimulant medication works with ADHD subjects, and to some extent what ADHD is, although none has successfully done so yet. Further, brain abnormalities have been found in subjects with ADHD (Schweitzer et al., 2000; Castellanos et al., 2002; Castellanos & Tannock, 2002). Levy and Swanson state that “while there is no single pathophysiological profile of ADHD, many data implicate dysfunction in fronto-subcortical pathways, which control attention and motor behaviour” (p. 504). Schweitzer et al. found that subjects with ADHD use other, less efficient, neural areas for working memory tasks than normal subjects, and Castellanos et al. found that children with ADHD have smaller white and gray matter volumes. It seems like ADHD medication increases the volume of white matter, while gray matter remains smaller than normal (Castellanos et al.). White matter is associated with cognitive development, which could explain the cognitive benefits ADHD patients get from medication (Nagy, Westerberg, & Klingberg, 2004; Bedard, Jain, Hogg-Johnson, & Tannock, 2007; Mehta, Calloway, & Sahakian, 2000). Moreover, among cognitive deficits, visual-spatial working memory deficits seem to be most evident problem for people with ADHD (Castellanos, Sonuga-Barke, Milham & Tannock, 2006; Westerberg et al., 2004; Young et al., 2006). Methylphenidate has demonstrated positive effects on working memory (Bedard et al.; Mehta et al.). However, there does not seem to be support for one particular location of dysfunction in ADHD (Castellanos et al., 2006). Consequently, several different medications seem to have an effect on ADHD.
Commonly Used Medications


Stimulants like methylphenidate, amphetamines, and atomoxetine are usually prescribed for ADHD, and non-stimulants like bupropion, tricyclic antidepressants, and α-agonists are sometimes prescribed (Hansen & Hansen, 2006; Wolraich et al., 2007; Daly et al., 2007; MTA, 2004). Mild side effects for stimulants, experienced in 4-10% of users, range from decreased appetite and insomnia to headaches and irritability (Daly et al.). Severe side effects such as hallucinations, growth suppression, and increased heart rate have been reported, but are uncommon (Wolraich et al.). The U.S. Food and Drug Administration (2007) recently enforced labeling stimulant medications with warnings for cardiovascular and psychiatric problems, but according to Pliszka (2007) and Wolraich et al., those side effects are so rare that they are not scientifically supported. With all different side effects, parents are concerned over their children’s medicine use.

Parents’ Opinions About Medication
In a qualitative study in Canada, Hansen and Hansen (2006) examined parents’ attitudes to their children’s medication use. They concluded that most parents felt ambivalent toward stimulant medication: although the effects were good, the side effects were considered a problem (Hansen & Hansen). Further, some parents thought that their child would need medication for the rest of his or her life, while others thought that medication was a temporary solution (Hansen & Hansen). Johnston et al. (2005) interviewed families about their treatment experiences and found that parents’ beliefs about ADHD guide their decision to what treatment to get for their child. Most families in the study used medication and behavior management (Johnston et al.). However, almost 44% of the sample had at some point stopped their child’s medicine use due to side effects, although many had started again (Johnston et al.).  As cited in Johnston et al., Chan discovered that over half of ADHD subjects in his study had tried treatments other than medical and behavioral, indicating dissatisfaction with conventional approaches to treatment. Researchers now say that a combination of medical and behavioral treatments is the best approach (Daly et al., 2007).
Behavioral Treatment of ADHD


Although behavioral treatment has not shown more effective than medical treatment, parents are usually more positive to behavioral treatment of their child’s ADHD (MTA, 1999; Hansen & Hansen, 2006; Daly et al., 2007). Traditional behavioral interventions target problematic behaviors, and not academic problems, something with which ADHD children often struggle (Daly et al.). However, academic interventions like peer tutoring and strategy training have been developed and found useful (Daly et al.). Moreover, for adults with ADHD the inclusion of time management, planning, organizing, and self-esteem in behavioral training has turned out to be successful (Ramsay & Rostain, 2007). The positive results from behavior training with adult ADHD subjects have been reported to be maintained at a 1-year follow-up (Ramsay & Rostain).
Theory Behind Behavioral Treatment

Rapport et al. (2001) separates between core features of ADHD (inattention and hyperactivity) and peripheral features (rule incompliance, disruptive behaviors, and academic failure) and concludes that medication has better effect on the core features, while behavioral interventions are more successful with some of the peripheral features. The underlying idea behind behavioral treatment is to give the child consistent consequences for each of a list of targeted behaviors, with emphasis on positive reinforcement (Daly et al., 2007). A bonus to behavioral management techniques is the reduction of stress within the family (Daly et al.).

Common Behavioral Treatments


Of all behavioral treatments, parental training and classroom managements seem to be the most utilized. They also cover most of the child’s day.


Parent training. According to Daly et al. (2007), parental training consists of the following:

Parents learn how to identify and manipulate the antecedents and consequences of a child’s behavior; target and monitor problematic behaviors; reward prosocial behavior through praise, positive attention, and tangible rewards; and decrease unwanted behavior through planned ignoring, time out, and other non-physical discipline techniques. (p. 75)

In addition, Danforth et al. (2006) has developed a flowchart to help parents structure their interventions. It contains 26 concrete steps to handle the child’s misbehavior (Danforth et al.).
Classroom management. Over 80% of teachers use behavioral intervention techniques in the classroom (Daly et al., 2007). Usually they consist of point system, token economy, verbal praise, daily report cards, and time out. Sometimes these management techniques are used for the whole class, and sometimes only for individual students (Daly et al.).

Peer training.
Teaching ADHD children socially acceptable behavior is considered important (Daly et al., 2007). The goals of this type of intervention are to teach children “cooperation, communication, participation, and validation” (Daly et al., p. 79). There is also a form of training that focuses on building dyadic friendships where the children learn to build long-term friendships (Daly et al.).

Outcome of Behavioral Treatments


When parent training and classroom training is diligently followed, it has great impact (Danforth, et al., 2006; Daly et al., 2007). However, peer training is more successful in its dyadic friendship form than in its general form (Daly et al.). Danforth et al. found that group parent training has a very large effect size on hyperactivity and aggression, and it reduces parental stress significantly. 

Eresund (2007) tested a psychodynamic intervention on nine children with Oppositional Defiant Disorder, of which three also had ADHD, and found moderate success in the ADHD subjects regarding social interactions and parent-rated symptoms. Eresund’s intervention included teaching the children to see consequences their behavior had on their relationships, positive feedback, and sessions with the parents. However, their behavior in school did not improve. Due to unforeseen circumstances cooperation with the schools could not be facilitated in the cases of the ADHD students, but school cooperation had a positive effect in ODD students (Eresund).

Because it provides parents with confidence and less stressful family situations, Daly et al. (2007) recommends behavioral treatments, with or without medication, to be the first choice in treating ADHD.
The MTA Study


The most comprehensive comparison between medical and behavioral treatment to date is the MTA study. It was designed to test the long-term effects of treatment with medication, behavior therapy, those two combined, and ordinary community treatment. Before the MTA study, no study had compared those treatments for more than four months (MTA, 1999).

In the MTA study, 579 children were randomly divided into four treatment groups. The treatments (medication; behavior therapy; the two combined; and community care) were administered during 14 months. Six major areas were assessed before, during, and after treatment: ADHD symptoms, oppositional/aggressive symptoms, social skills, anxiety/depression, parent-child relations, and academic achievement (MTA, 1999). The medical treatment was tailor-made for each participant; special care was taken to find the right dose for every subject. Further, the behavioral treatment was rigorous: it included parent-training individually and in group sessions, a summer camp for the children, and school intervention with classroom management techniques and teacher’s aides. The group assigned to combined treatment received both the above mentioned treatments, while the community care group was provided a list of suitable mental health care providers they could choose from for their treatment (MTA, 1999).

All groups showed significant improvements. The only variables where medication was superior to behavioral treatment were inattention, hyperactivity, and impulsivity. On all the other variables there was no significant difference between behavior treatment and medication, although medication was slightly more effective. Combined treatment was comparable to medication management but seemed to be more effective in decreasing oppositional/aggressive behaviors and anxiety/depression. However, the recipients of the combined approach needed significantly lower doses of medication than the participants in the medical group. Overall, the medical and combined approach were superior to the behavioral treatment and community care in targeting the core symptoms of ADHD (inattention, hyperactivity, impulsivity), while there were only occasional and very small differences between the treatments for the other areas (oppositional/aggressive symptoms, social skills, anxiety/depression, parent-child relations, and academic achievement). However, it is not clear why community care did not produce better results, as it more often than not included medication (MTA, 1999).

Follow-Ups


Two follow-up surveys have been made on the MTA study: the first was made 24 months after start of treatment, and the second was made 36 months after start of treatment (MTA, 2004; Jensen et al., 2007).

During the first follow-up, 540 of the 579 children participated. There was still some treatment effect, but not as large as at the post-assessment. The combined and the medical approaches were still superior to the behavioral and community treatments, although the gap had closed by half the effect size on the ADHD symptoms. However, the combination group no longer differed from medical group, and the behavioral group did not differ from the community care group. Interestingly, the use of medication decreased in both the combined and the medical groups, while it increased in the behavioral and community care groups (MTA, 2004).
In the second follow-up, 485 subjects participated. Although all treatments groups still showed some treatment effect, there were no longer any differences between the groups. The authors did not exclude that the outcome could be a result of the participants’ aging or treatment crossover, which was greater at 36-months than at 24-months (Jensen et al., 2007). Nevertheless, the authors “were struck by the remarkable degree of improvement in all four groups seen from baseline in all of the late assessment points in symptoms and overall functioning” (Jensen et al., p. 998), an improvement that took place regardless of treatment. Consequently, no single treatment form showed better long-term effect than any other.
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CHAPTER III

COGNITIVE TREATMENT

Cognitive Deficits Theory


Newer theories of ADHD focus on deficits in cognitive areas like memory, attention, verbal and visual-spatial skills, and executive functioning. Klingberg et al. (2005) defines executive functioning as “a broad concept that includes, among other functions, the ability to inhibit a prepotent response, planning, reasoning, and [working memory]” (p.177). Working memory is the part of memory that processes information for use within a short period of time (Westerberg et al., 2004). Brain areas involved in working memory are located in the prefrontal cortex (the superior and middle frontal gyri along with the inferior and superior frontal sulci), in the cingulate cortex, as well as in the parietal and occipital lobes (Klingberg et al., 2002). Schweitzer et al. (2000) found that subjects with ADHD used mainly the precuneus and inferior parietal lobes in visual-spatial working memory tasks, not the left superior temporal and right lateral frontal gyri like non-ADHD subjects used, something that resulted in fewer correct responses from ADHD subjects. Working memory skills have also been found to develop with age (Klingberg et al., 2002; Nagy et al., 2004).


Several studies have confirmed cognitive deficits in people with ADHD. These studies assessed things like visual-spatial working memory, strategy formation, reaction time, verbal function, memory, attention, and motor functioning. Overall, ADHD subjects scored more poorly than controls (Westerberg et al., 2004; Young et al., 2006; Leitner et al., 2007). Methylphenidate has shown a positive effect on visual working memory and the ability to strategize, but not on storage of auditory-verbal information (Mehta et al., 2000; Bedard et al., 2007). However, improvement of both visual and auditory manipulation depends on which measuring instrument is being used (Bedard et al.).

Working Memory Training and Results


A few programs have been developed to target cognitive deficits. The most researched one is Cogmed’s RoboMemo, which has been involved in studies with children with ADHD, non-ADHD children, and stroke victims (Klingberg et al., 2002; Westerberg et al., 2004; Olesen, Westerberg, & Klingberg, 2004; Klingberg et al., 2005; Westerberg et al., 2007). Three other programs that have not been researched as thoroughly, but have good anecdotal results, are BrainTrain’s Captain’s Log, Unique Logic + Technology’s Play Attention, and LearningRx’s ThinkRx (Slate, Meyer, Burns, & Montgomery, 1998; Unique Logic + Technology Inc., 2006; Marachi, 2006). Working memory training has also shown to generalize to areas that are not part of the training (Klingberg et al., 2002).
RoboMemo


RoboMemo was developed for adolescence and children over seven years of age who have attention problems (Cogmed, n.d.). The maker of RoboMemo is a Swedish, privately held company called Cogmed, which has offices in the United States and Sweden. RoboMemo is a computer software program with which the user can work on any computer that has an internet connection and speakers. The program is five weeks long with five 30-minute sessions per week. The exercises are of increasing difficulty and target visual-spatial and verbal working memory. A coach is provided by Cogmed to follow the student’s improvement over the internet and phone conversations weekly, including a follow-up interview five to six months after finishing training to evaluate long-term benefits. A three-week booster-program is also offered for anyone who wants to continue training their working memory (Cogmed).


Research done on RoboMemo has mostly been conducted in Sweden by a team of researchers connected to Sweden’s largest medical research center, Karolinska Institutet, but studies are now also underway in the United States with the universities of New York, Harvard, Notre Dame, and Stanford (Karolinska Institutet, n.d.; Cogmed, n.d.).

The results from two research experiments will be summarized here.


Experiment I. In 2002, Klingberg et al. published their first experiment involving RoboMemo. They wanted to see if  progressive difficulty levels would train the general capacity of the working memory, and if hyperactivity ratings would go down as a result. They also designed a similar program without the progressive difficulty to use with the control group. Seven children participated in the treatment group, and 7 in the control group. Five cognitive tasks were tested before and after treatment, of which only one would be trained during the experiment. Further, the number of head movements was measured on all participants before and after treatment as a measurement of hyperactivity. The treatment participants improved on four out of five cognitive tasks, which indicated generalized effect of training onto non-trained areas. Moreover, every individual in the treatment group reduced their head movements significantly, while the control group increased their head movements. However, the small sample size limited the generalization of the results (Klingberg et al.). 


Experiment II. Klingberg et al. (2005) decided to make a larger study on training working memory with RoboMemo. They also wanted to include ADHD ratings and do follow-ups. Once again they used two versions of RoboMemo, one with progressive difficulty and one without progressive difficulty. Fifty-three subjects at four locations were included in the study; all met the diagnostic criteria for ADHD according to the American Psychiatric Association’s Diagnostic and Statistic Manual of Mental Disorders (DSM-IV), 4th ed. (1994), and none were medicated during the experiment. Four cognitive tasks were measured along with number of head movements. Parents rated their children’s ADHD symptoms according to the 18 DSM-IV items and the Conners Rating Scale for parents and teachers, revised, short version (Conners, 2001). Some of the 53 subjects withdrew; for the post-treatment assessment remained 20 subjects in the treatment group, and 24 in the control group. In the treatment group there was a significant effect on all tasks, while the control group did not show significant effect on any measure. Moreover, in the treatment group the scores for hyperactivity, inattention, and impulsivity significantly went down. The effect size was 0.93, to compare with medicine’s effect size ranging from 0.4 to 1.2 (as cited in Klingberg et al., 2005). However, the most exciting parts of the study are the two follow-ups: five months after the program, 82% said the effect had remained or increased, and one year after the study, 79% reported that the effect remained or had increased (Klingberg, 2006).
 Captain’s Log


Psychologists, psychiatrists, and computer programmers created the first versions of Captain’s Log in 1985-1987 for adults with head injuries (BrainTrain, 2007). Since then Captain’s log has developed further to target both children and adults with ADD/ADHD, schizophrenia, stroke, autism, and learning disabilities. Training areas include memory, attention and impulse control, logic, auditory skills, and processing speed. Captain’s Log contains 35 different programs and equals 1000 hours of training. Captain’s Log is available to purchase through BrainTrain’s website for anyone who wants to improve their cognitive skills, but BrainTrain recommends using the product under supervision of a health professional. BrainTrain offers trainer certification for professionals and educators through workshops (BrainTrain).


Currently, a research study using Captain’s Log is underway at Duke University. The study will evaluate the effectiveness of Captain’s Log and another reading and math program on attention problems (BrainTrain, 2007). However, one study that has been made evaluated the program on four severely emotionally disturbed ADHD children (Slate et al., 1998). A total of 64 sessions were administered to the children, in which only the exercises dealing with attention and concentration were used. Impulse control and hyperactivity ratings improved for all four children. Improvement of processing speed, mathematics, and vocabulary were found in three of the children, and overall behavioral improvement in two of the children. However, the children in the study had more than one diagnosis, and were so emotionally disturbed that they were in a facility for troubled youth. Moreover, they “were receiving group, individual, and milieu therapy and medication management” (Slate et al., p. 418). Despite this possible confounding, the authors concluded that the more successful the students were with Captain’s Log, the more generalization effect showed in other areas of behavior and achievement (Slate et al.). 
Play Attention


Play Attention was developed in 2004 by a school teacher concerned with ADHD students’ bad focusing skills (Unique Logic + Technology Inc., 2006). Inspired by NASA’s flight simulators with neurofeedback, Play Attention uses a helmet which monitors the brain activity of the student and translates into a game on a computer screen. The game outcome is directly affected by the student’s attention as picked up by the helmet sensors; if the student focuses on the game character, more points will be gathered, and vice versa. The game is played with a coach (which can be a trained parent, educator, or other form of trainer) who sets up the training schedule, provides feedback, and addresses undesirable behaviors. A session is between 30 to 45 minutes, and most students do two or three sessions per week. The coach fills out a chart during each session where distractive behaviors are recorded. Those behaviors are later addressed with management techniques. Through repetition of the games and positive feedback the students learn how to focus better and control distractions. A brochure from Unique Logic + Technology Inc. explains that “[success] in Play Attention is evaluated by what the student can demonstrate in a real world situation; common examples being the ability to complete homework in a reasonable amount of time, or the ability to follow multi-step directions” (p. 3).


Research is currently being done on Play Attention by Tufts University Medical School (Unique Logic + Technology Inc., 2006). SUNY Plattsburg Research has recently finished their research, but not yet published their results. However, case studies on nine children have been made this far, and data from 72 other students have been collected. The nationally standardized scale BASC Monitor for ADHD was used to evaluate the results of the 72 students. The BASC separates the scored items into the following categories: attention problems, hyperactivity, internalizing problems, and adaptive skills. Of the 84.7% who improved their attention problems, 55.7% fell within the normal range. Likewise, 63.9% of all students came down to normal range on hyperactivity ratings (76.4% of all students improved). Further, 75% of all students lowered their scores on internalizing problems, and 48.6% improved their adaptive skills. Of the 72 students, 53 were not medicated, while 19 were medicated. Overall, the students not on medication had a larger variety in their ratings than the students who mere on medication, except for the scores on adaptive skills, where both groups varied very much. However, Unique Logic + Technology Inc. reminds the reader that the results are based on clinical observations and not experimental research.

ThinkRx


In contrast to RoboMemo, Captain’s Log, and Play Attention, LearningRx’s (2007) cognitive program ThinkRx is not computer based. Instead, the student works one-on-one with a certified trainer at a LearningRx training center, and also does homework with a caretaker or partner at home. The length of the program ranges from 12 to 24 weeks, with seven hours of training per week, homework included. Specialists in education, medicine, and psychology have developed ThinkRx, and also the reading program ReadRx, for adults and children as young as kindergarten. Targeted populations are those with learning problems, ADD/ADHD, dyslexia, and other reading problems. The ThinkRx exercises are of increasing complexity and train the student’s “auditory processing, visual processing, short and long term memory, comprehension, logic and reasoning, and attention skills” (LearningRx Inc., Learning Solutions section, ¶ 1). Moreover, most of the exercises are done to the beat of a metronome (T. Dickinson, personal communication, October 1, 2007). 

No experimental study has been made with ThinkRx or ReadRx to date, but in 2006 Marachi conducted statistical analyses based on LearningRx’s pre- and post tests of students. LearningRx uses three tests to pre and post assess their students: Woodcock-Johnson III Tests of Cognitive Abilities, Woodcock-Johnson III Tests of Achievement, and Comprehensive Test of Phonological Processing. During the calendar year of 2005, 686 students completed ThinkRx. For the students whose pre test scores were no more than two years below age equivalence, the average gain for working memory was 2.68 years; long term memory was 3.69 years; visual processing was 4.74 years; and processing speed was 2.58 years. All had a p-value of less than .001. However, for students whose pre test scores were more than 2 years below age equivalence, the gain was even greater: for example, the gain in working memory was 3.22 years, and visual processing was 6.02 years (Marachi). Further, according to T. Mitchell (personal communication, April 16, 2007), LearningRx’s statistics show that for students diagnosed with ADHD, the average gain in working memory is 2.55 years, average gain in processing speed is 2.47 years, and average gain in visual-auditory learning is 3.94 years. See table 1 for more details. Moreover, many parents report that their children have been able to discontinue ADHD medication during the course of the program, and that their attention skills have increased at home and in school, but these statements are not yet scientifically tested (T. Mitchell, personal communication). Marachi concludes that more research on LearningRx’s programs is needed.
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LearningRx' Test Results for ADHD Students

All Score Averages Deficient Averages >2 years Deficient Averages

Age Percentile Client Age Percentile Client Age Percentile Client

Test Increase Increase Count Increase Increase Count Increase Increase Count

Auditory Work Memory 2.55 16.26% 250 3.22 23.76% 119 3.8 28.17% 58

Concept Formation 3.33 19.62% 395 3.65 25.04% 190 3.91 26.32% 127

Decision Speed 2.47 21.23% 36 2.89 28.43% 21 2.55 25.91% 11

Numbers Reversed 2.5 15.89% 395 2.96 21.27% 199 3.27 22.64% 126

Pair Cancellation 2.69 24.29% 175 2.91 28.56% 97 3.38 30.75% 39

Visual Matching 1.75 15.00% 397 1.96 17.74% 237 2.22 15.32% 103

Visual-Auditory Learning 3.94 24.28% 392 4.48 28.78% 212 4.7 29.67% 136

Working Memory 2.55 18.50% 223 2.8 23.21% 126 3.18 24.58% 69

Note. Adapted with permission from LearningRx Inc.
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NUTRITIONAL TREATMENTS


Nutritional treatments of behavioral problems have been around since the 1920’s (Cormier & Elder, 2007). They have been popular with parents but questioned by researchers (Cormier & Elder). The base for nutritional treatment is a perceived deficiency in the modern diet, which is poor in vitamins, minerals, and essential fatty acids but rich in sugar and processed foods (Loscalzo, 2004). These factors affect brain chemistry and functioning (Loscalzo). Consequently, correcting the nutritional intake may correct the chemistry and functioning. However, Cormier and Elder raise the question about parental placebo effect in nutritional treatments, since several studies show that other measures of ADHD (for example teachers’ ratings) do not indicate as much effect as the parents’ ratings. Parents who put their children on dietary modifications usually believe in their usefulness (Johnston et al., 2005).
Treatment With Food Elimination

The Feingold Diet


In the mid-1970s, Feingold reported a relationship between natural salicylates, artificial colors and flavorings, and hyperactivity (Rojas & Chan, 2005). He based his findings on 1200 clinical observations, where around 3000 additives were studied (Cormier & Elder, 2007; Loscalzo, 2004). Feingold’s ideas received a lot of attention, and many studies were conducted to test his hypothesis, but most of them found no significant relationship except for in a small subgroup of participants (Cormier & Elder). However, most studies focused on only a dozen different additives compared to Feingold’s 3000 (Loscalzo). Nevertheless, some recent studies have found a relationship between tartrazine and calcium propionate and behavior problems in children, although those children not necessarily qualified for an ADHD diagnosis (Cormier & Elder; Rojas & Chan).

The Oligoantigenic/Oligoallergenic Diet


Some researchers have taken the Feingold diet further and also excluded many allergy-causing foods, such as wheat, soy, nuts, chocolate, dairy etc. This concept has become known as the oligoantigenic or oligoallergenic diet (Rojas & Chan, 2005). Usually, the subjects start out on a very strict diet, and after awhile foods are reintroduced one at a time to see if the behavior changes by any particular food. Interestingly, there have been several studies where large portions of the placebo groups also improved (Rojas & Chan). However, the oligoantigenic diet can be useful for a subgroup of children (Cormier & Elder, 2007). One study found that persons with untreated celiac disease and ADHD-like symptoms had their symptoms alleviated by a gluten-free diet (Niederhofer & Pittschieler, 2006). However, no placebo group was included in the study. Most subjects decided to stay on a gluten-free diet after the experiment was over due to their improved attention and functioning (Niederhofer & Pittschieler).

Sugar Elimination


The idea that sugar causes hyperactivity is widespread among the public. However, numerous studies show that sugar has very little effect on behavior (Rojas & Chan, 2005). Cormier and Elder (2007) commented on one study: “It is interesting to note that despite presentation of clinical evidence to the contrary, many participating parents remained convinced of an association between sugar and adverse behavior” (p. 140). However, Rojas and Chan raise the question of whether the amount of sugar used in most studies is too small; most American children ingest a daily dose of 40-50 teaspoons of sugar, and the experimental dose of 13-15 teaspoons might not cause a reaction. Further, Cormier and Elder discuss whether parents might misinterpret “context-driven behavior (e.g., parties or holidays), associating them with sugar consumption” (p. 140). Compared to sugar elimination, adding essential fatty acids seems to have better effect on ADHD.

Treatment With Essential Fatty Acids

Treatment with essential fatty acids, especially omega-3 and omega-6, has been extensively studied. ADHD people have been found to have lower concentration of essential fatty acids in their blood plasma (Rojas & Chan, 2005). Long-chain, highly unsaturated fatty acids are crucial for brain function and development, “notably the omega-6 arachidonic acid (AA) and the omega-3 eicosapentaenoic and docosahexaenoic acids (EPA and DHA)” (Richardson, 2006, p. 156). Omega-3 is ingested in very low amounts in industrialized countries, while omega-6 usually occurs in abundance in processed foods. Consequently, an imbalance occurs in the recommended ratio of 1-4:1 omega-6 to omega-3 (Richardson). The adult body can convert essential fatty acids to DHA, something that “requires adequate functioning of the delta-6 desaturase enzyme, which is dependent on the nutrients Zinc, Magnesium, Vitamin B6, Vitamin B3 and Vitamin C” (Loscalzo, 2004, p. 38). Babies do not produce DHA, but receive it through breast milk if they are breastfed; formula makers have only recently added DHA to the mix (Loscalzo). Researchers have also found that ADHD is more common among people who were not at all or very little breastfed (Julvez et al., 2007).

Strangely enough, the studies conducted up to 2004 (for a complete list see Rojas & Chan, 2005) showed very mixed results when omega-3 and/or omega-6 was given to subjects. Rojas and Chan prescribe this to several reasons: choice of sample, choice of placebo, coexisting diagnoses, concurrent medication management, and sometimes lack of confirmation of ADHD diagnoses. Cormier and Elder (2007) would like to see a development of study methodology before rejecting or accepting essential fatty acids as a treatment for ADHD.

 Newer studies with omega-3 and omega-6 supplements have indicated success with decreasing symptoms of ADHD (Sinn & Bryan, 2007; Joshi et al., 2006; Germano et al., 2007). Sinn and Bryan tested fish oil with two groups of Australian ADHD children for 30 weeks; one of the groups also received multivitamins. Both groups improved their ADHD scores significantly, with no difference between the groups after 15 and 30 weeks. A placebo group was also included in the study. Their scores did not improve at 15 weeks, but after 15 weeks they crossed over to receive fish oil, resulting in improved ADHD scores at week 30. However, the drop-out rate was high, with the most severe cases dropping out (Sinn & Bryan).

Joshi et al. (2006) tested flax oil (a precursor to DHA) and vitamin C on 30 Indian children. The researchers chose flax oil since children’s bodies can convert its α-linolenic acid into DHA (Joshi et al.). Post treatment, all children had higher levels of DHA and EPA in their red blood cell membranes. Further, “symptoms like impulsivity, restlessness, inattention, self-control, psychosomatic problems and learning problems showed highly significant improvement” (Joshi et al., p. 20). However, one limitation of the study was the lack of a placebo group (Joshi et al.).

Germano et al. (2007) conducted a study in Italy where the amount of fish oil was based on the weight of the subject. Out of the 31 subjects with ADHD who entered the study, 19 were used for evaluation. The hyperactivity ratings went down significantly, and also the scores for inattention. However, this study, too, lacked a placebo group. It is not yet clear why older studies don’t show as much effect as newer studies.
Treatment With Other Vitamins and Minerals


Richardson (2006) makes an important point in that nutrients must interact with one another to have an effect in the body; therefore, more than one nutrient might need to be added. Zinc, for example, is involved in blood glucose regulation and the synthesis of essential fatty acids, both of which affect the brain function (Richardson). Moreover, Akhondzadeh, Mohammadi, and Khademi, (2004) found that zinc enhances the effect of methylphenidate significantly compared to a placebo supplement (sucrose). This effect was found in both parent and teacher ratings of ADHD symptoms (Akhondzadeh et al.). Zinc deficiency has been found in ADHD subjects in several countries and socio-economic classes, including subjects from the American middle class (Arnold et al., 2005). Bilici et al. (2004) treated a group of ADHD subjects with zinc, and found significant reductions in hyperactivity and impulsivity compared to the control group, but there was no significant reduction in inattention scores. However, Arnold et al. points out that more research needs to be done before any cause and effect can be established.


As previously mentioned, Sinn and Bryan (2007) treated one group of ADHD subjects with essential fatty acids and a multivitamin, and one group with only essential fatty acids. They hypothesized that the group receiving the multivitamin would improve more than the group receiving only essential fatty acids, but found no difference between the groups (Sinn & Bryan). Further, Joshi et al. (2006) included vitamin C in their flax oil treatment of ADHD children. The reason vitamin C was included was to reduce lipid peroxidation, but it did not have expected effect. However, they found significant decrease in the subjects’ ADHD ratings, something they concluded was the effect of flax oil and not vitamin C (Joshi et al.).
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SUMMARY AND DISCUSSION

Summary

Medical Treatment


Medical treatment of ADHD is the most utilized treatment to date (Johnston et al., 2005). Any exact pathology of ADHD has yet to be discovered, but theories mainly include catecholamine dysregulation, hypo-dopaminergic activity, inhibition problems in the basal ganglia, and dysregulation in the noradrenergic systems (Levy & Swanson, 2001). Medication therefore targets these functions. People with ADHD use less efficient neural areas for working memory tasks than normal people, something that makes them score lower on working memory tests (Schweitzer et al., 2000). Further, differences in brain size have been found in comparison between children with ADHD and normal children: children with ADHD have smaller white and gray matter volumes than normal children (Castellanos et al., 2002). Medication seems to increase the volume of white matter, but not gray matter (Castellanos et al.). White matter is associated with cognitive development, something that is weaker in ADHD people (Nagy et al., 2004; Bedard et al., 2007; Mehta et al., 2000). Overall, parents are satisfied with the positive effects of medication but concerned about the side effects and worried about the role medicine will have in the children’s future (Hansen & Hansen). Examples of side effects are decreased appetite, insomnia, headache, irritability, hallucinations, growth suppression, and increased heart rate (Daly et al., 2007; Wolraich et al., 2007).
Behavioral Treatment


Behavioral treatment of ADHD is usually popular with parents (Hansen & Hansen, 2006; Daly et al., 2007). The focus is on giving the child consistent consequences for certain targeted behaviors, with an emphasis on positive reinforcement, but it can also include time management, planning, organizing, and academic interventions like peer tutoring and strategy training (Daly et al.). Behavioral treatment usually reduces family stress (Daly et al.). However, behavioral treatment seems to target peripheral features of ADHD (rule incompliance, disruptive behaviors, and academic failure) and not core features such as inattention and hyperactivity (Rapport et al., 2001). Common behavioral treatments include parent training, classroom management, and peer training (Daly et al.). The most effective form of peer training is where the ADHD child is paired with a buddy to learn how to build lasting friendships (Daly et al.). Over 80% of American teachers use behavioral intervention techniques like point systems, token economy, verbal praise, daily report cards, and time out, in the classroom (Daly et al.).


The MTA study was a comprehensive comparison between medical and behavioral treatment. Four treatment conditions were administered during 14 months: 

(a) medication; (b) behavior therapy; (c) the two combined; and (d) community care (MTA, 1999). All four treatment groups improved significantly, but medication and combined treatment were superior to behavior and community treatment in that they targeted the core features better (MTA, 1999). Twenty-four months after the start of treatment, a follow-up was conducted. The gap between medication/combined treatments and behavior/community treatment had closed by half the effect size, and the difference within the pairs had disappeared (MTA, 2004). Another follow-up was conducted 36 months after start of treatment. All treatments groups still showed some treatment effect, but there were no longer any differences between any of the groups (Jensen et al., 2007). However, the authors were encouraged that the treatment effect was still evident regardless of treatment (Jensen et al.).

Cognitive Treatments


Recent theories of ADHD point to deficits in cognitive areas like memory, attention, verbal and visual-spatial skills, and executive functioning (Klingberg et al. 2005; Westerberg et al., 2004; Schweitzer et al. 2000; Young et al., 2006; Leitner et al., 2007). People with ADHD use less efficient neural pathways than people without ADHD, leading to weaker results on cognitive tests (Schweitzer et al., Westerberg et al.; Young et al.; Leitner et al.). Several programs have been developed to target cognitive skills. Four programs will be summarized here: Cogmed’s RoboMemo, BrainTrain’s Captain’s Log, Unique Logic + Technology’s Play Attention, and LearningRx’s ThinkRx.


RoboMemo. RoboMemo is a computer software program, designed to be five weeks long with five 30-minute sessions per week (Cogmed, n.d.). The exercises target visual-spatial and verbal working memory and are of increasing difficulty. A coach is from Cogmed follows the student’s improvement over the internet and over the phone (Cogmed). Sweden’s largest medical research center, Karolinska Institutet, has done several research studies on RoboMemo, but studies are now also being conducted with the universities of New York, Harvard, Notre Dame, and Stanford (Karolinska Institutet, n.d.; Cogmed). Both hyperactivity and ADHD ratings have gone down significantly in the studies that have been conducted (Klingberg et al., 2005). Moreover, in the follow-up one year after one study, 79% reported that the training effect remained or had increased (Klingberg, 2006).


Captain’s Log. Captain’s Log consists of 35 different computer programs equaling 1000 hours of training in the areas of memory, attention and impulse control, logic, auditory skills, and processing speed (BrainTrain, 2007). The user can work with Captain’s Log either alone or with a certified trainer. Duke University is now conducting a study with Captain’s Log, but before that only case studies were available (BrainTrain). In one case study with four severely emotionally disturbed ADHD children, 64 attention and concentration sessions were administered (Slate et al., 1998). Impulse control and hyperactivity ratings improved, as well as processing speed, mathematics, and vocabulary. For two of the children overall behavior improvement was noticed (Slate et al.).


Play Attention. Play Attention is a computer game directly affected by the player’s neurofeedback (Unique Logic + Technology Inc., 2006). Through a helmet with sensors, the player’s concentration level is picked up and plays into the game outcome. Most users do two to three 30-45 minute sessions per week. A coach is needed to set up the training schedule, provide feedback, and record and address distractive behaviors (Unique Logic + Technology Inc). Tufts University Medical School is currently doing research on Play Attention, but preliminary data collected from 72 students using the BASC Monitor for ADHD have shown encouraging improvements in areas like attention problems, hyperactivity, internalizing problems, and adaptive skills (Unique Logic + Technology Inc).


ThinkRx. ThinkRx is a 12-24 week long program with seven hours of training per week. The training is not computerized, but takes place at a LearningRx training center with a certified trainer. Areas included in the training are auditory and visual processing, memory, comprehension, logic, reasoning, and attention (LearningRx Inc., 2007). This far, no study has been made on ThinkRx, but statistical analyses have been conducted based on student’s pre and post test results on the Woodcock-Johnson III Tests of Cognitive Abilities, Woodcock-Johnson III Tests of Achievement, and Comprehensive Test of Phonological Processing (T. Mitchell, personal communication, April 16, 2007; Marachi, 2006). For ADHD students, a rough average gain of 2.5 years in memory, auditory and visual processing has been reported (T. Mitchell, personal communication). Further, many parents report that their children can get off their medication during the course of the program (T. Mitchell, personal communication).

Nutritional Treatments


Nutritional treatment is one of the oldest treatment forms of behavioral problems (Cormier & Elder, 2007). Despite questionable results from research trials, many parents believe in the usefulness of nutritional treatments (Cormier & Elder; Johnston et al., 2005). The theory behind nutritional treatment is a perceived deficiency in the modern diet, which has an adverse effect on brain chemistry and functioning (Loscalzo, 2004). Therefore, correcting the food intake may correct the brain functioning.


Food elimination. Several dietary modifications consist of eliminating foods that may cause hyperactivity. The Feingold diet eliminates all natural salicylates, artificial colors and flavorings (Rojas & Chan, 2005). Feingold drew the conclusion that these substances caused hyperactivity after 1200 clinical observations, where around 3000 additives were studied (Loscalzo, 2004). However, subsequent studies were unable to replicate his results, possibly because most studies focused on only a dozen different additives (Cormier & Elder, 2007; Loscalzo). Nevertheless, some newer studies have found a connection between tartrazine and calcium propionate and behavior problems in children (Cormier & Elder; Rojas & Chan).


The oligoantigenic or oligoallergenic diet has expanded the Feingold diet to also exclude many allergy-causing foods such as wheat, soy, nuts, chocolate, and dairy (Rojas & Chan, 2005). The diet starts out very strictly, with eliminated foods reintroduced one at a time to see if any particular food causes behavior change. Interestingly, in several studies large portions of the placebo groups also improved (Rojas & Chan).


Sugar elimination is another common dietary modification. However, a large number of studies show that sugar does not have a great effect on behavior (Rojas & Chan, 2005). There has also been questions of whether the amount of sugar used in most studies is too small to have an effect of behavior (Rojas & Chan). Cormier and Elder (2007) point out that parental expectation and confounding of context and sugar consumption could possibly have something to do with people’s belief that sugar causes hyperactivity.


Adding essential fatty acids, vitamins, and minerals. Long-chain, highly unsaturated fatty acids such as arachidonic acid (AA), eicosapentaenoic acid (EPA), and docosahexaenoic acids (DHA) are crucial for brain function and development (Richardson, 2006). Those fatty acids are derived mainly from omega-6 and omega-3; however, the modern diet contains an imbalance in the recommended ratio of 1-4:1 omega-6 to omega-3, causing a deficiency in omega-3 acids like EPA and DHA (Richardson). The adult body can convert essential fatty acids to DHA, but babies cannot do this (Loscalzo, 2004). Breastfeeding supplies babies with DHA, but formula has not supplied DHA until recently (Loscalzo). Julvez et al. (2007) found that the prevalence of ADHD is lower among breastfed babies. Further, blood samples from people with ADHD have revealed lower concentration of essential fatty acids than in normal people (Rojas & Chan, 2005).


Studies conducted up to 2004 on omega-3 and/or omega-6 did not show any consistent results, but newer studies have been more successful in decreasing symptoms of ADHD (Rojas & Chan; Sinn & Bryan, 2007; Joshi et al., 2006; Germano et al., 2007). Sinn and Bryan tested fish oil on children with ADHD and found significant improvement in ADHD ratings; Joshi et al. tested flax oil on ADHD children and found higher levels of DHA and EPA in their red blood cell membranes post treatment; and Germano et al. also tried fish oil on ADHD children with positive results on hyperactivity and inattention.


Proper interaction of zinc, magnesium, and vitamins B6, B3, and C is required for the body to convert essential fatty acids to DHA (Loscalzo, 2004). Therefore, when Sinn and Bryan (2007) conducted their study with fish oil, they gave one group a multivitamin in addition to the fish oil. Their hypothesis was that the multivitamin group would improve more than the group receiving only fish oil. However, no difference between the groups was detected (Sinn & Bryan). Joshi et al. (2006) added vitamin C to the group receiving flax oil, but the hypothesized decrease in peroxidation did not occur.


Studies with zinc have been more successful (Akhondzadeh et al., 2004; Bilici et al., 2004). Zinc deficiency is common in ADHD subjects (Arnold et al., 2005). Akhondzadeh et al. found that zinc enhanced the effect of methylphenidate significantly compared to placebo, and Bilici et al., who treated a group of ADHD subjects with zinc only, found that hyperactivity and impulsivity ratings went down. However, Arnold et al. argue that cause and effect has yet to be established.
Discussion


Comparing different treatments for ADHD is difficult, because there is no standardized measure for ADHD. However, many studies use either the DSM-IV (1994) or the Conners Rating Scale for parents and teachers to evaluate the treatment effect. Another problem in the evaluation of treatment is that parents’ and teachers’ ratings usually differ. Parents tend to rate treatment outcome more favorably than teachers (Cormier & Elder, 2007). One could argue that parents are less objective than teachers, but the question is whether that is very significant; if parents experience greater relief than teachers do from one particular treatment, the treatment could be considered meaningful. Although, for the sake of the child, it is better if a treatment works in all contexts.


The advantage of medical treatment is its positive outcome on concentration and hyperactivity. However, the effect only lasts as long as the medication is in the body (normally around eight hours) (Daly et al., 2007). Therefore, the parents must make a choice of when it is more important to have the child on medication, and when the child can be without it. Not so with behavioral treatment; behavior management can be utilized in every context, but the caretaker needs to be there to execute the techniques. Even though some techniques can be used by the child itself, there might be a need of adult monitoring and guiding, especially in the beginning. On the other hand, cognitive treatments take some practice to have an effect, but once they start working they are usually long lasting. Cognitive treatments have the advantage of activating neural pathways that the subject will continue to use in many contexts in life (Klingberg et al., 2002). However, behaviors like rule compliance, disrupting, and other undesirable behaviors might still need to be addressed (which is done in Play Attention). Nutritional treatments can decrease ADHD symptoms, but they need to be applied every day to have an effect. Just like with medical and cognitive treatments, the behavior aspect might need to be worked on in combination with nutritional treatments.


Side effects for medication are a concern for many people (Hansen & Hansen, 2006). Some of those side effects are decreased appetite, insomnia, headaches, irritability, hallucinations, and growth suppression (Daly et al., 2007; Wolraich et al., 2007). Behavioral treatments do not have any side effects, but they take effort and discipline on the caretaker’s part. To be effective behavioral treatments need to be consistent both in school and at home, something that can be hard to control (Daly et al.). The implementation of computerized cognitive treatments is a little bit easier for the caretaker, because most children like to play computer games. However, the caretaker needs to make sure all sessions are done consistently. The advantage of ThinkRx is that a certified trainer provides the training; the drawback is all the driving to and from the learning center. Apart from above mentioned disadvantages, cognitive treatments do not have any known side effects, but instead it has shown some positive generalization (Klingberg et al., 2002). Nutritional treatments have usually very mild side effects, such as the taste of the supplement (Germano et al., 2007; Akhondzadeh et al., 2004). In the case of food elimination no particular side effects have been reported. The difficulty with nutritional treatments lies in being consistent with the diet or supplement. However, consistency is needed for all treatment forms. An integrated treatment program seems to be the best approach. Medication has its place in chemically dealing with ADHD in a fast and effective way, but in order to build up the weak areas of the brain cognitive training is more effective, and also more long-lasting. Nutritional treatment is important, because in order for the brain to work properly we need to eat properly, but on top of all, behavioral treatment is very much needed to develop coping skills and restore harmony in families with ADHD. See table 2 for a comparison.
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41   Table 2   Comparison of Treatments for ADHD  

  Treatment    Advantages    Disadvantages  

  Medical treatment             Behavioral treatment                   Cognitive treatment         Medicine gives effective and  f ast relief . It is extensively  researched and easy to  administer.   Med ical  treatment   affects the core  features of ADHD.   Behavioral treatment   affects  peripheral features of ADHD.  It provides cop ing skills for  the whole family   and reduces  stress for parents and  teachers. Behavioral  treatment can improve the  ADHD person’s socia l life  and organizational skills.   Cognitive treatment  develops the neural  pathways necessary for  attention, memory,    Side effects bother 4 - 10% of  medicine users. The medicine  works for a limited amount of  time .  Medicine does not have  any long - term advantag es  over other treatments.   To implement behavioral  treatment takes much effort.  There is little, if any, effect  on core features of ADHD.   Behavioral treatment needs to  be consistent to have effect.         Cognitive training takes some  time to have effect. Progr ams  without certified trainers  have no standardized   
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42     Treatment    Advantages    Disadvantages  

                Nutritional treatment                             concentration, and  processing speed.   It possibly  has long - term effect in that  the pathways are used in  many areas in life. Cognitive  training can also reduce  hyperactivity.   Nutritional treatments are  natural.   They have very mild  side effects.   Nutritional  treatments provide parents  with a sens e of control over  the treatment and promote  healthier eating habits.                 training. Few experimental    studies have been made this  far.   There is no standardized  measure for the outcome of  cognitive training.       Few nutritional treatments  have shown significant effect  on ADHD.   Dietary  modifications can be hard to  follow.   Parental placebo  effect is common with  nutritional treatments.  



Conclusions

1. The alternatives to medical treatment of ADHD are behavioral, cognitive, and nutritional treatments. Behavioral treatment works more on the peripheral features of ADHD, cognitive treatment works on training the neural pathways to work more effectively, and nutritional treatments attempt to naturally restore the chemical balance in the brain.

2. Working memory training alleviates symptoms of ADHD in that certain neural pathways are exercised through repetition to function better. Instead of letting the brain take ineffective pathways associated with ADHD, working memory training forces the brain to develop the normal, more effective pathways.

3. Nutritional treatments alleviating ADHD symptoms are essential fatty acid supplementation and zinc supplementation. However, food elimination works for a small subgroup of ADHD people. Nevertheless, these treatments are still hotly debated since different studies have shown different results.

4. No study to date has investigated if omega-3 and omega-6 are as effective when taken in childhood as if taken when the mother is pregnant and breastfeeding. Doing an experimental study on this topic would probably be unethical, although ex-post facto studies could give some clues to the answer. 

5. No one treatment form is most effective in treating ADHD; the most effective treatment is to integrate them all, or at least integrate several of them.

Recommendations

1. A standardized measure of ADHD needs to be developed. New research indicates that visual-spatial tasks could be a sensitive measure of ADHD. Therefore, these should be included.

2. More research needs to be done on cognitive programs for ADHD. Moreover, a standardized measure for outcome of cognitive training needs to be developed. Long-term effects also need to be studied.

3. More research needs to be done on essential fatty acid supplementation and zinc supplementation. Since newer studies show effect on ADHD, it is important to continue researching these substances.
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Table 2

Comparison of Treatments for ADHD

		Treatment

		Advantages

		Disadvantages





Medical treatment


Behavioral treatment


Cognitive treatment


Medicine gives effective and fast relief. It is extensively researched and easy to administer. Medical treatment affects the core features of ADHD.

Behavioral treatment affects peripheral features of ADHD. It provides coping skills for the whole family and reduces stress for parents and teachers. Behavioral treatment can improve the ADHD person’s social life and organizational skills.

Cognitive treatment develops the neural pathways necessary for attention, memory, 


Side effects bother 4-10% of medicine users. The medicine works for a limited amount of time. Medicine does not have any long-term advantages over other treatments.

To implement behavioral treatment takes much effort. There is little, if any, effect on core features of ADHD. Behavioral treatment needs to be consistent to have effect.

Cognitive training takes some time to have effect. Programs without certified trainers have no standardized 
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		Treatment

		Advantages

		Disadvantages





Nutritional treatment

concentration, and processing speed. It possibly has long-term effect in that the pathways are used in many areas in life. Cognitive training can also reduce hyperactivity.

Nutritional treatments are natural. They have very mild side effects. Nutritional treatments provide parents with a sense of control over the treatment and promote healthier eating habits.

training. Few experimental 


studies have been made this far. There is no standardized measure for the outcome of cognitive training.

Few nutritional treatments have shown significant effect on ADHD. Dietary modifications can be hard to follow. Parental placebo effect is common with nutritional treatments.
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		Table 1

		LearningRx' Test Results for ADHD Students

										All Score Averages												Deficient Averages												>2 years Deficient Averages

						Age				Percentile				Client				Age				Percentile				Client				Age				Percentile				Client

		Test				Increase				Increase				Count				Increase				Increase				Count				Increase				Increase				Count

		Auditory Work Memory				2.55				16.26%				250				3.22				23.76%				119				3.8				28.17%				58

		Concept Formation				3.33				19.62%				395				3.65				25.04%				190				3.91				26.32%				127

		Decision Speed				2.47				21.23%				36				2.89				28.43%				21				2.55				25.91%				11

		Numbers Reversed				2.5				15.89%				395				2.96				21.27%				199				3.27				22.64%				126

		Pair Cancellation				2.69				24.29%				175				2.91				28.56%				97				3.38				30.75%				39

		Visual Matching				1.75				15.00%				397				1.96				17.74%				237				2.22				15.32%				103

		Visual-Auditory Learning				3.94				24.28%				392				4.48				28.78%				212				4.7				29.67%				136

		Working Memory				2.55				18.50%				223				2.8				23.21%				126				3.18				24.58%				69

		Note. Adapted with permission from LearningRx Inc.
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