REVIEW OF THE ADHD DISORDERS AND COMORBID CONDITIONS-2002

INTRODUCTION
This article will review the state of knowledge regarding the Attention-Deficit/Hyperactivity Disorders (AD/HD), drawing predominately from references published in 2002. It will summarize the present understanding of the disorder, the genetic and scientific evidence, the diagnostic techniques, the co-morbid conditions, current pharmaceutical treatments, and the role of multi-modal therapy.

DEFINING THE DISORDERS

National cultures have long recognized individuals within their societies whose behaviors differ from the norm. In the German speaking countries, the poem of “Fidgety Phil” ("Zappelphilipp") has been enjoyed for over a century, as a caricature of the hyperactive-impulsive male child. Henrik Ibson caricatures that individual as an adult in his classic play “Peer Gynt”. Medical and scientific observations on this condition have existed for a century. George Still presented the first scientific description of this condition in three Goulstonian lectures, published in The Lancet in 1902. Charles Bradley made the first observation regarding pharmaceutical treatments in 1937. These seminal descriptions, along with other historical articles, are referenced in TJ Spencer’s review (1).

The definition of the AD/HD disorders has changed through the years. The standard definitions used in North America are those contained in the Diagnostic and Statistical Manual of the American Psychiatric Association, Edition IV (DSM-4) (2). Epidemiological studies indicate that the prevalence of the disorder is three to four percent from countries with societies as different as Australia, the United States, New Zealand, Germany and Brazil (3). Physicians at the Mayo Clinic preformed a comprehensive population based study of the incidence of AD/HD in the 1976-1982 Olmstead County-Rochester, Minnesota birth cohort.  They examined for AD/HD case status and for the history of medical treatments for AD/HD contained in the complete medical and school records of children in the birth cohort. The lowest, most conservative estimate of AD/HD occurrence in the birth cohort was 7.5% by age 19 years.  This conclusion is based on the research criteria that required both the clinical diagnosis of AD/HD and supporting documentation in the medical records (4). A study of health care use and treatment costs for children with AD/HD demonstrated that the annual health costs for these children are similar to those for children with asthma.  This difference is sixty percent higher than health cost for the average population of children (5).

The International Consensus Statement on AD/HD of January 2002 is an affirmation by an international contortion of scientists that the AD/HD is a true biological condition, and not a fraud or fabrication (6). The complete document is in the Appendix. 

SCIENTIFIC DATA
The medical literature contains numerous peer-reviewed studies that look at the human genome for clues that certain genetic loci may have relevance for AD/HD. The literature articles have conclusions that conflict, and they should be read with an understanding that these issues are far from settled.  Here are some of the current issues:

1. A systemic genomic linkage scan examined 126 affected sibling pairs for specific candidate genes involving the dopaminergic pathways. Of the 36 surveyed genes that had been proposed, the authors excluded 29 genes, including the D-4 type dopamine receptor (DRD4) and the dopamine transporter type 1 (DAT-1) for lack of adequate linkage data. This study found positive linkage for the D-5 dopamine receptor gene (DRD5) locus, the 5HTT locus (a sodium dependant seratonin transporter) and the CALCYLN gene which encodes a D-1 dopamine receptor (DRD1) interacting protein (7). 

2. The DRD4 had a second negative report while the dopamine beta-hydroxylase (DBH) gene was suggested as worthy of further investigation (8,9). 

3. The norepinephrine transporter gene (NET1) is examined in a sample of 122 families with a total of 155 children with AD/HD but no support for this gene as a major genetic susceptibility factor for AD/HD was noted (10). 

4. MV Solanto reviews the evidence upon which the investigation of dopamine as a mediator of behavior and cognitive symptoms were based (11).

NEURO IMAGING AND AD/HD

The era of diagnostic imaging and ADD began in 1990.  AJ Zametkin and associates presented the first evidence that there were differences in cerebral glucose metabolism in adults with hyperactivity of childhood onset as measured by positron emission tomography (PET) scanning (12). The observations in extensive subsequent literature are conflicting. This literature is summarized by SR Pliszka (13). 

Pliszka notes that there are consistent observations throughout these reports. Individuals with AD/HD may have decreased frontal lobe volume, altered symmetry of the caudate nuclei and decreased volume of part of the cerebella vermis. He states that each of these areas are involved in executive function, but comments that the anatomic changes are not large enough to be diagnostic. He adds that it is not known if these are changes are specific to AD/HD, or if they are present in other psychiatric disorders (13). 

A major breakthrough occurred with the publishing of a ten-year study from the National Institutes of Mental Health in Bethesda, Maryland.  This compared regional brain volumes measured at the time of an initial MRI scan with changes in these regions over time.  They compared medicated and unmedicated individuals with AD/HD to healthy control patients.  The observations and conclusions are significant.

1. On the initial scans, the individuals with AD/HD, medicated or not, had statistically significant decreases in brain volumes, when compared to controls.

2. These measures persisted with age, in area size differences both in regional and total brain sections, including the cerebellum.

3. Caudate nucleus volumes were initially abnormal for patients with AD/HD.  Diagnostic differences disappeared as caudate nucleus volumes decreased for patients (medicated or not) and controls during adolescence.

4. Anatomic findings were the same for AD/HD individuals.  The sex of the individual, or exposure to medication, had no influence on the observations.  Sex did not interact significantly with diagnosis for any brain anatomy measure.

5. Clinically, the authors note that AD/HD individuals (male and female alike) were shorter and weighed less, had lower vocabulary standard scores, and a lower percentage of individuals were strongly right handed.  The greater the differences in regional sizes of frontal and temporal lobe gray matter, and the volumes of the caudate and cerebellar volumes, the greater the significant and negative correlation with the clinician and parent rated child behavioral check lists

6. The authors conclude that genetic and/or early environmental influences on brain development in AD/HD are fixed, non-progressive, and unrelated to stimulant treatment.  They believe that the fundamental brain developmental processes that are active during late childhood and adolescence are essential healthy in AD/HD individuals regardless of exposure to medications. They conclude that the neuropsychiatric symptoms appear to reflect fixed earlier neurobiological insults or abnormalities (14).

An article from the Sackler Institute at Cornell University presents converging evidence from clinical neuro-imaging lesion and genetic studies, from which they propose a mechanistic model of cognitive control.  In their model, the basal ganglia are involved inhibition of competing actions, while the frontal cortex is involved in representing the relevant thoughts and guiding the appropriate behaviors (15).

THE EFFECT OF ENVIRONMENTAL INFLUENCES AT PREGNANCY ON THE DEVELOPMENT OF AD/HD

While heredity and developmental biology are the direction of one focus of research, other studies look at environmental influences on the developing fetus. One group conducted a retrospective, hospital based, case-control study with 280 AD/HD cases and 242 non-AD/HD controls of both genders.  The authors found that AD/HD cases were 2.1 times more likely to have been exposed to cigarettes and 2.5 times more likely to have been exposed to alcohol in utero than were the non AD/HD controls. Both values were statistically significant (16). 

Another study evaluated the association between low birth weight and AD/HD. They accounted for potential confounding factors (prenatal exposure to alcohol and cigarettes, parental AD/HD, social class, and co-morbid disruptive behaviors in parents and in offspring).  When they corrected for these factors, they found that 13.8% of all AD/HD cases could be attributed to low birth weight. They conclude that low birth weight is an independent risk factor for AD/HD (17).

CLINICAL PRESENTATIONS OF AD/HD AT DIFFERENT STAGES OF LIFE AND TREATMENT AND THE RESPECTIVE TREATMENT IMPLICATIONS

While it was once thought that AD/HD was not a problem before children enter school, an emerging literature puts this concept to rest. JM Zito et al described trends in the prescribing of psychotropic medicines to preschoolers, based on group work at the University of Maryland Pharmacoepidemiology Laboratory. Published in February 2000, this article provoked great deal of attention in the lay media (18). This article documented that 1% of preschoolers in the United States were receiving psychotropic medications, and that there had been a substantial rise in the use of these medicines in the preceding decade. Subsequent reviews and articles have presented similar observations and pertinent commentary. 

The clinical research program in pediatric psychopharmacology at Harvard Medical School found that preschoolers are commonly referred for psychiatric evaluation and that these children frequently manifest substantial psychopathology and morbidity. Their data demonstrate that there are high rates of AD/HD and disruptive, mood, and anxiety disorders in these youths, similar to their older, school aged peers.  They demonstrate that mood, disruptive, and anxiety disorders have early onset. They note that many children who present to their clinics as preschoolers are seeking evaluation and treatment for a chronic condition that has existed for a mean of two years before the evaluation (19). In a related study, the Harvard group demonstrate that the pre-school and school age children have substantial impairment in school social and overall functioning (20). 

A review article from the Substance Abuse and Mental Health Services Administration  (SAMSA) presents a concept for a fully integrated service system approach for the identification and management of pre-school children with AD/HD. This article discusses many pertinent issues. 

1. The authors point out that many of the symptoms associated with AD/HD also occur in normal children.  However, they do not occur with the frequency, within the number of settings, and with the degree interference in the functioning of the average child’s life as they do in the lives of children with AD/HD. 

2. The authors discuss the development of self-regulation of behavior as it begins in infancy, passes through the preschool level, and how it should evolve at the time when the children assume the social roles and demands of school. 

3. The authors focus on a strengths-based, orientation for meeting the child’s needs, which works within the individual child’s social environment. This strategy involves thorough assessments of the child’s and family’s strengths, needs and desires as the basis for the development of the individualized intervention plan. 

4. They argue against emphasizing pathology and service needs, and recommend assessments for individualized care that emphasizes the child’s and family’s assets, as well as their deficits (21). 

JM Zito, the principal author of the February 2000 University of Maryland Pharmaco-Epidemiological study, published a subsequent article that proposes “five burning questions for future research” (22).

RA Barkley et al evaluated problems with daily adaptive functioning and adaptive disability, as they were associated with psychological morbidity in preschool children with disruptive behavior. They found that adverse disability contributes to adverse outcomes in the disruptive behavior group, even after the disruptive behaviors and conduct disorders have achieved initial symptom control. They conclude that adaptive disability in the context of normal intelligence may arise from both deficient self-regulation that arises from the AD/HD and from disruptive parenting, with exposure to kindergarten moderating these adverse effects (23).

Another old concept that AD/HD ended at age 13 has also been demolished in the modern literature. Many studies follow individuals diagnosed as children into adulthood, with persistence of features of this disorder (24,25). While hyperactivity frequently diminishes, impulsiveness and inattentiveness can persist. Trouble maintaining focus manifests as time management difficulties for many adults. Many individuals seek services as adults, but do not present a clear history of childhood onset AD/HD. However, while the individual may not have accurate recollections of childhood AD/HD, their family does.  There is a substantially higher accumulation of data to support the diagnosis of pre-existing AD/HD when the parents rate their adult children, based on childhood behavior. The authors of this study postulate that this may have caused a substantial under estimation of the persistence of AD/HD into adulthood (25).

Genetic and familial studies demonstrate that there are biologic links between these co-morbid conditions. One review article suggest that parsing AD/HD studies based on co-morbidity with conduct and with bipolar disorders may yield familiar subtypes that are suitable for genetic analysis (26).

PSYCHIATRIC AND CO-MORBID CONDITIONS
Since 1990, a large literature about conditions that occur at greater than chance frequency with AD/HD has developed. These conditions are described as co-morbid conditions with AD/HD. These are reviewed and cross-referenced by Wilens et al (24). Some of these are psychiatric disorders, while others are medical. The psychiatric co-morbid conditions include conduct disorder, depression, bipolar disorder, and substance abuse disorders (24). 

One study suggests that the clinical impact of having oppositional defiant disorder and AD/HD in preschoolers is additive in its pathological impact (27).  

When young adults are evaluated for the subtypes of AD/HD (Combined Type versus Predominantly Inattentive Type), differences in co-morbidity, education and clinical histories are noted.

1. Both subtypes have significantly less education, are less likely to graduate high school and are more likely to receive special education. 

2. Both subtypes have a higher likelihood of dysthymia, alcohol dependence/abuse, cannabis dependence/abuse, learning disorders, and psychological stresses. 

3. Both subtypes are likely to have received psychiatric medicines and other mental health services at rates greater than controlled adults have. 

4. The AD/HD-Combined Type adults are more likely to have oppositional defiant disorder, to experience interpersonal hostility and paranoia, to have attempted suicide and to have been arrested than the AD/HD inattentive adults are.  

5. The findings mirror similar studies in children, and suggest that the greater impulsiveness associated with the Combined sub-type diagnosis may predispose towards greater antisocial behavior and its consequences (28). 

Authors at the Virginia Commonwealth University present data that concludes that the co-morbidity between AD/HD and oppositional defiant disorder/conduct disorder share a genetic liability that operates either directly or indirectly through gene-environmental correlation’s or interactions (29).

There is an evolving literature that debates whether some individuals who are diagnosed with bipolar disorder actually have AD/HD instead. In a study that used the DSM-4 criteria for mania to examine pre-pubertal and early adolescence individuals, the authors focused on the DSM-4 criteria for mania that do not overlap with the DSM-4 criteria for AD/HD.  There are several important conclusions:

1. The examiners note that symptoms of elation, grandiosity, flight of ideas, racing thoughts, hyper-sexuality, and decreased need for sleep help to discriminate individuals with mania at these ages from those individuals with AD/HD, and from normal clinical controls. 

2. They conclude that irritability, hyperactivity, accelerated speech, and distractibility were not useful for differential diagnosis because they were common in both the AD/HD and the pre-pubertal and early adolescence mania patients. 

3. They note that the pre-pubertal/early adolescent mania and AD/HD symptoms overlap more at this age than in bipolar disorder of late teenage or adult onset. 

4. They conclude that the mania in this group is more likely to be mistaken for AD/HD (30). 

Substance abuse disorders are established as co-morbid conditions with AD/HD. Wilens and his associates at Harvard have demonstrated that early psychopharmacology of AD/HD reduces the risk for substance abuse disorders (31). While there were concerns that young individuals treated with psychopharmaceuticals would be predisposed towards drug abuse, the opposite has been demonstrated by several studies. 

The same authors studied the temporal association between childhood psychopathology and substance abuse disorder, drawing from a sample of adults with opiate and or alcohol dependency. Their analysis has several relevant points:

1. AD/HD, multiple anxiety disorder and disruptive disorders typically precede the onset of substance abuse disorders. 

2. Mood disorders (specifically depressive or bipolar disorders) follow the onset of substance use disorders. 

3. The majority of adults referred for substance use disorder have psychopathology that began in childhood, frequently preceding the onset of their substance use disorder (32). 

NEUROLOGICAL DISORDERS COMORBID WITH AD/HD
The relationship of Tourette syndrome and AD/HD has been demonstrated for many years (33-36). One study compared individuals with AD/HD and tics to other study groups with AD/HD alone, tics alone, and normal controls. They conclude that the two groups with tics have the obsessive-compulsive, simple phobia, and social phobia symptoms more commonly than the AD/HD group or the normal controls.  Treatment of these individuals requires combined pharmaceutical therapies (33).

Epileptic activities and epileptiform EEG abnormalities are also associated with individuals with AD/HD.  Epileptiform activities may be more prevalent on the EEGs of school aged children when hyperventilation and photo stimulation are used (37). Other neurological conditions associated co-morbidly with AD/HD include sleep disorders (38), and restless legs/periodic limb movement disorders (39). All merit further study.

Since other disorders associated with serotonin dysfunction are established as co-morbid conditions with AD/HD, a systematic study of the migraine disorders would be useful to determine if the co-occurrence is co-morbid or coincidental.

The author uses the following classification system, which puts similar problems together.

1.  Disorders of Emotional Control: These have four components: 

a) Affective Disorders (Dysthymia, Depression, Bipolar Disorder); 

b) Anxiety Disorder; 

c) Panic Disorder; 

d) Obsessive-Compulsive Disorder.

2.  Disorders of Movement Control: These have four categories: 

a) Tic Disorders (Motor Tics, Vocal Tics, Gilles de la Tourette syndrome); 
b) Seizure Disorders (usually Primary Generalized Epilepsies of the Absence Type);

c) Motor Restless (Restless Leg Syndrome);

d) Sleep Disorders  (Periodic Limb Movement Disorders of Sleep).

3.  Disorders of Comfort: The three common conditions are: 

a) Migraine Headache types; 

b) Enuresis; 

c) Irritable Bowel Syndrome.
4.  Disorders of Substance Abuse: 

a) Toxic Inhalants (inhalants like glue or gasoline); 

b) Tobacco; Alcohol; Illegal Drugs; 

c) Abuse of Prescription Medications.
5.  Disorders of Disruptive Behaviors: These divide into three types: 

a) Oppositional-Defiant Disorder (argumentative and disrespect for authority figures); 

b) Conduct Disorder (destructive and criminal behaviors that occur before age 18); 

c) Antisocial Behavior (destructive and criminal activities that occur after age 18).

These other conditions are not always present simultaneously, and occur at different ages.  Because AD/HD is often one of the earliest presenting conditions, its presence alerts the clinician to be attentive for the development of other conditions whose early treatment can have significant academic, occupational, and social consequences. The following are among the possible examples:

1. A child treated with AD/HD may also develop migraine headaches, or an anxiety disorder, or absence seizures; 

2. An adult with AD/HD as a child may later develop a significant depression; 

3. A hyperactive child identified at young age starts to manifest oppositional-defiant behaviors before age ten is at high risk for an early substance abuse disorder and antisocial behaviors (31,32).

Because many of these concurrent conditions occur in other family members, the treating physician can help get treatment for symptomatic family members.  

DEVELOPMENTAL CONDITIONS ASSOCIATED WITH AD/HD
The Learning Disorders have three major divisions.  An affected individual may have any or all these conditions.  The DSM-IV has clinical definitions of these conditions (2).  The dyslexias are the most common.

1. The Reading Disorders (Dyslexias) involve different problems with symbol identification that impede the ability to read with speed and accuracy (40,41).  This diverse group of conditions will improve (to a degree) with maturation of the nervous system and with appropriate academic interventions.  Many affected adults will read with accuracy, but with slower speed than their unaffected peers will.  The neuroanatomical basis of the dyslexias is the subject of many research reports that employ diagnostic imaging (42), as well as clinical and molecular genetic analyses (43,44).  

2. Dyscalculia is the least understood and categorized of these conditions, and involves problems with mathematics (45).  

3. Disorders of Written Expression have two components: 

a) Dysgraphia involves a neurobiologically mediated problem with fine motor control.  This renders the individuals incapable of fine penmanship; no matter how hard they try, or how many repetitions they attempt.  

b) Dysorthographia involves persistent problems with symbol recognition and ordering that are essentially for proper spelling (2).

4.   Motor Skills Disorder involves developmental problems with large motor control.  Affected individuals have a generalized clumsiness that presents them from performing most athletic activities with any degree of skill or accomplishment (2). 

An interesting study compared differences in arm movement control between AD/HD and control children. It demonstrated that individuals with AD/HD execute the arm movements more slowly, have greater variability in movement timing, and demonstrate long intersegment-intervals than individuals without AD/HD.  The children with AD/HD have multiple peaks in the velocity profiles of the movements, while children without AD/HD appear to program their entire arm movements and execute the sequence as a unit. (46)

5.  Communications Disorders have four types: Expressive Language Disorder, Mixed Receptive-Expressive Language Disorder, Phonological Disorder and Stuttering.  These can affect 5-10% of school age children, overwhelmingly males (2)
PRINCIPLES OF MEDICATION THERAPY

When choosing a medication to treat a medical condition, the physician is guided by universal principles.  These include:

1. Use the smallest effective dosages of the medication.

2. Use a dosage strategy that will insure medication compliance.

3. Use a medication with minimal and acceptable side effects.

4. Choose a medication that has a high toxic to therapeutic ratio for better compliance and effect.

5. Choose a medication that is formulated in a manner that allows effective storage and administration.

6. Choose a medication that is cost effective.

The most effective medicines to date are from the stimulant class (47-50).  The primary medication in use worldwide is methylphenidate, one of the most studied medications in history.  Methylphenidate was initially formulated to dispense all the medication in only 4 hours.  This requires a multiple dosing schedule that is inconvenient for the school staff members who administer it 5 days a week, and embarrassing for the child.  Because the formulation creates a rapid release of the medication, followed by a rapid clearance from the body, the patient can experience large swings in blood and brain concentrations.  These create wide swings in behavior and affect over short time periods that counteract the beneficial aspects of the medication.  Finally, the more frequently the patient needs to take the medication during the day, the more likely that one dose will be missed.  This alone causes an inconsistency of performance that lowers the overall assessments of the efficacy of methylphenidate.

The initial attempt at a slow release methylphenidate preparation produced variable results that could not be predictable at the time of prescribing.  Therefore, the physician had to wait and see what would happen in each case that used the old formulation.  Many children and families found that the slow release format actually produced biphasic fluctuations in behavior, rather than a smooth result throughout the day.  Stimulant rebound is included in the differentiation between AD/HD and bipolar disorder in children (51).

The most recent advances with methylphenidate have come in the realm of different delivery systems that allow a smoother release and more optimal serial concentrations of medication in the brain.  Experience with similar doses of the three twelve hour preparations that are currently available indicates that there are different clinical effects and side effect profiles, which can only be explained by the dosing release strategies.  In the author's experience, trial and error are the only ways to distinguish among the medications with regards to which one to try first on a patient.  The number of dosing options for each brand, the cost of the smallest doses, and the rate of increase of cost as the increments of dosage increase are important factors for consideration.  Because they are all different delivery systems for methylphenidate, the author will distinguish them by their mechanisms of medication delivery and the names of their pharmaceutical companies.

The product by ALZA Pharmaceuticals (Johnson and Johnson) uses an oral, osmotic, controlled-release (OROS) formulation. This allows dose-proportional and linear pharmacokinetics (52).  This version of methylphenidate is dosed once daily at home, and releases the medication in a manner that is smooth, sustained, and predictable.  The sequential rate of release of the medication was determined by dose response curves.  This new version delivers 22% of its dose immediately and 78% of the dosage over the rest of the twelve-hour dose life.  At this writing, it is available in 18 mg, 27 mg, 36 mg, and 54 mg.  Costs have a slight increase with each dosage.  The capsule cannot be divided and must be swallowed completely.

The product by Celltech Pharmaceuticals uses a bead-delivery system that contains a rapid release bead and a continuous release bead to deliver 30% of the dosage rapidly and 70% throughout the rest of the 12-hour dosing period.  At this writing, it is only available in the 20-mg size, so the cost of treatment doubles with each increase in dosage. This formulation uses a capsule to hold the mixed beads.  Because the beads mix randomly in the capsule, the dosage cannot be accurately divided. However, the complete contents of the capsule can be sprinkled on food without altering the bioavailability of the medication. (53,54)

The product by Novartis Pharmaceuticals also uses a bead-delivery system.  This product releases 50% of the dose rapidly, and 50% over an extended time.  It is available in 20 mg, 30 mg, and 40-mg sizes.  The prices increase gradually with the increasing dosages, and a complete individual dosage can be sprinkled on food without loss of bioavailability (Novartis Product information.)

Similar strategies of formulation have been used for dextroamphetamine and for the mixed salts of dextroamphetamine and levoamphetamine.  There are now several preparations of fast and controlled release formulation, each in different dosage strengths.  While the controlled release preparation of dextroamphetamine last only 8 hours, the physician can develop a dosage strategy to cover a 12-hour period by adding a fast acting dosage after school.  Using a different approach, one preparation of multiple salts of amphetamine isomers comes in several dosage tablets that are engraved with perpendicular lines.  These allow for dosage adjustments as small as 1.25 mg.  This helps tailor the medication effects to get the most benefits with the fewest side effects. This product is now available in a twelve hour, bead delivery system.  It  can be sprinkled on food without loss of bioavailability, and with dosage variations of 5 mg, 10 mg, 15 mg, 20 mg, 25 mg, and 30 mg. (Shire US Product Information.)

Pemoline has always had single daily dosing with multiple dose sizes that allow for fine-tuning of the dosages.  Pemoline has not been used as a first line medication due to fears that it is highly toxic to the liver. Less than 20 cases of serious hepatic damage have been described, none of them since 1995.  However, there are still recommendations to monitor hepatic enzymes frequently.  These restrictions make the medicine too costly and too annoying to use unless the patient cannot tolerate anything else. (55) Patients who respond to pemoline may need doses as high as 2-3 mg/kg, and often find that the medication lasts for 8-12 hours.

Some patients cannot tolerate the stimulants, so other medications can be tried.  Tricyclic antidepressants like desipramine and nortriptyline have a role when patients do not respond to or cannot tolerate the stimulants.  Novel antidepressants like buproprion and venlefaxine have been under study for year’s (56).  Several new compounds are in development.  Atomoxetine is in clinical trials (57).  These newest medications produce their clinical effects by pre- and post-synaptic modulation of dopamine and norepinephrine at the level of the receptors.  The manufacturer of modafinil has a press release on the web site that discusses a beneficial effect of their compound at 300 mg per day. The data have not been presented in a peer-reviewed medical journal, so prudent individuals will wait for the data before accepting these conclusions.

Other compounds are used adjunctively, primarily for help with co-morbid conditions. Administered in the patch form, which can last for a week, clonidine decreases facial and vocal tics in Tourette Syndrome.  As a patch, or compounded into a 12 hour slow-release form, clonidine often has positive effects on oppositional-defiant behavior, and can be beneficial for management of anger and impulsive behaviors.  The tablet form will quickly help reverse the natural sleep problems or those that accompany stimulant use. While toxic effects are rare, they do occur. (58)

COMBINED (STRATEGIC) POLYPHARMACY
When the physician deals with multiple medical conditions, or with a principal condition that is associated with a group of predictable co-morbid disorders, the treatment plan takes on new dimensions.  A single medication will rarely treat all of the conditions that affect the patient.  Now the physician must factor in the following principles:

1. Are the significant symptoms only partially responsive to treatment with single agents?

2. Are there potential synergistic effects of combined pharmacotherapies?

3. Does the use of lower doses of multiple agents reduce the adverse effect profile associated

   with higher doses of a single agent?

4. Do the diagnoses suggest a need or a role for a particular combination of medications?

5. Does a second medicine reduce the annoying side effects of the principal medication that is                                            effective in treating the targeted disorder?

6. Will the overlapping of medication treatments avoid clinical deterioration when changing medications? (59)

Since the individuals with AD/HD often have several concurrent medical problems, the clinician will need to choose a polypharmaceutical strategy carefully.  It should uses the fewest number of medications to achieve the most clinical effects with the fewest number of side effects. Most parents struggle with the concept of using even one medicine, and tolerate a proposal to use more medications poorly.  The significant principle is to use medications parsimoniously, while recognizing that one medicine alone will rarely treat individuals with co-morbid disorders effectively.  Therefore, a detailed history is meaningful for the identification of the co-morbid conditions, so that the fewest number of medications can be used.  When initiating medication therapy, it is a good strategy to choose a medication for the most pressing problem at the time of the initial evaluation.  Once the benefits can be assessed against the untreated problems, it is easier to convince patients to use additional medications. 

There are many possible examples.  An adult with AD/HD, migraines, and hypertension may respond to verapamil and to cautious use of a stimulant or buproprion. The important principles for these and for other possible examples are parsimony of medications while recognizing that one medicine alone will rarely treat individuals with co-morbid disorders effectively. ).  AD/HD children with absence seizures and migraines may respond to a stimulant medication combined with valproic acid, while an AD/HD child with depression may respond to buproprion alone.  

Since the co-morbid conditions may go into remission, the physicians need to assess the combination every time that they meet with the patient, so that medicines, which become unneeded, can be withdrawn.

CONCLUSIONS:

1. AD/HD occurs in many individuals, often with other predictable medical, psychiatric and educational disorders.  There is a strong genetic component to most cases.

2. AD/HD has different clinical manifestations at different ages.  Many of these conditions may become inactive with age.  The AD/HD often presents first, and should alert the clinical to the possibility of other treatable disorders.

3. AD/HD often requires work with non-medical specialists to help the patient achieve the best possible results.
4. AD/HD can be treated medically using traditional pharmacological principles. 

5. The choices of medications and their new dosing formulations permit an individualized treatment plan for each patient that allows the optimal benefits with the fewest side effects.

6. Because many patients will need multiple medications to treat co-morbid and concurrent conditions, the physician should chose medications that can treat more than one problem.  This will maximize the benefits from ease of dosing and improved compliance while reducing side effects and costs of treatment.
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