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Overview and Neurobiology of Attention-Deficit/Hyperactivity Disorder Thomas J. Spencer, M.D.; Joseph Biederman, M.D.; Timothy E. Wilens, M.D.; and Stephen V. Faraone, Ph.D.
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Although attention-deficit/hyperactivity disorder (ADHD) impairs millions of people worldwide, both the prevalence and existence of the disorder are being reevaluated at the phenotypic level. To safeguard against overdiagnosis, the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), demands that individuals with ADHD have pervasive impairment, that is, impairment in more than 1 setting. However, the appropriateness of the DSM-IV classification of ADHD is also undergoing reevaluation. Like the symptoms of a developmental disability, the symptoms of ADHD must be evaluated in the context of age-based norms; therefore, the current criteria for ADHD, which are not age referenced, may minimize the rate of persistence of ADHD into adulthood. In an effort to better understand the pathophysiology of ADHD, recent research has focused on identifying the etiology of ADHD. These studies have revealed that the disorder is highly heritable and may be associated with neurobiological deficits in the prefrontal cortex and related subcortical systems. Etiologic studies have also identified candidate genes and prenatal and perinatal risk factors for ADHD. As the causes and course of ADHD are better understood, a new generation of medications is being developed for the disorder. Although stimulants are often effective in reducing the symptoms of the disorder, as a class they have limitations such as a lack of 24-hour-a-day coverage, unwanted side effects, potential for abuse, and lessened effectiveness in the context of some comorbidities. Therefore, the treatment characteristics of newer, more selective treatments such as atomoxetine should continue to be explored in ADHD. (J Clin Psychiatry 2002;63[suppl 12]:3–9)
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Many studies3–10 of the worldwide prevalence of ADHD in children document that the prevalence is between 3% and 9%. Differences in the rates of ADHD (Table 1) among countries are usually methodological artifacts of the criteria used to define the disorder. In studies that followed up children who met criteria for hyperactivity and/or attention deficits, rates of persistence into adolescence and adulthood range from 8% to 85% (Table 2). Early studies,18,20,21 which used less formalized entry criteria that stressed hyperkinesis, as did the Diagnostic and Statistical Manual of Mental Disorders, Second Edition (DSM-II),24 have the lowest rates of persistence, while more recent studies16,19 show fairly high rates of ADHD during follow-up. The changing terminology of ADHD, from hyperkinetic reaction of childhood in DSM-II24 to attention-deficit disorder in DSM-III25 to ADHD in DSM-III-R26 and DSM-IV,27 has reflected the changes in the conceptualization of the
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From the Pediatric Psychopharmacology Unit, Psychiatry Service Massachusetts General Hospital and the Department of Psychiatry, Harvard Medical School, Boston. Presented at the roundtable “Novel Treatments for Attention-Deficit/Hyperactivity Disorder in Children and Adults,” which was held November 15–17, 2001, in Boston, Mass., and supported by an unrestricted educational grant from Eli Lilly and Company. Corresponding author and reprints: Thomas J. Spencer, M.D., 15 Parkman St. WACC 725, Boston, MA 02114.



Like all other psychiatric disorders, ADHD is a disorder for which there is no objective test. However, in recent years, research has made substantial advances in identifying the biological basis of ADHD. As the causes and course of ADHD are better understood, newer and more selective medications are being developed for the disorder.
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ttention-deficit/hyperactivity disorder (ADHD) is present in 3% to 10% of children and 1% to 6% of adults in the United States.1 This high prevalence, the global impairment caused by the disorder, and its chronicity led the Centers for Disease Control and Prevention (CDC)2 to identify ADHD as a serious public health problem in 1999. The most likely potential areas of impairment of ADHD in children include academic and social dysfunction and skill deficits. As children with ADHD mature, academic failures may lead to demoralization and poor self-esteem. Other risks include high rates of injuries, cigarette smoking, and substance use. In a subgroup, a risk of delinquency exists. Adults with persistent ADHD experience dysfunctions in occupational and vocational performance, continued social impairments, and higher rates of motor vehicle accidents.
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Table 1. Worldwide Prevalence of ADHD in School-Age Childrena
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Prevalence Study Region Criteria (%) Anderson et al, 19873 New Zealand DSM-III 6.7 Andres et al, 19954 Spain DSM-III-R 8.0 Baumgaertel et al, 19955 Germany DSM-III 9.6 Bird et al, 198812 Puerto Rico DSM-III 9.5–16.1 Buitelaar and Netherlands DSM-IV 7.8 Kooij, 20006 Esser et al, 19907 London, England DSM-III-R 1.7 Esser et al, 19907 Manheim, Germany DSM-III-R 4.2 13 Pellham et al, 1992 United States DSM-III-R 2.5–4.0 Rohde et al, 19998 Brazil DSM-IV 5.8 Schaffer et al, 19969 United States DSM-III-R 4.1 Szatmari, 198910 Ontario, Canada DSM-III 6.3 a Adapted with permission from Goldman et al.11 Abbreviation: DSM = Diagnostic and Statistical Manual of Mental Disorders.
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ADHD is a distinct disorder; impairments characteristic of ADHD are present in the absence of comorbid conditions. However, conditions such as conduct disorder, oppositional defiant disorder, major depressive disorder, bipolar disorder, anxiety disorders, substance-related disorders, and learning disabilities may mimic or, more commonly, coexist with ADHD. Before making the diagnosis of ADHD, physicians should collect reports from more than one source (e.g., teachers and parents), review school records, interview the individual, and conduct medical, psychological, and educational tests.33 A patient’s history and examination can determine whether the individual’s seeming inattention or impulsivity is caused by a visual or auditory impairment. Other medical conditions, especially endocrine disorders such as hypothyroidism and hyperthyroidism, can have symptoms similar to those of ADHD but are rare in children. Because ADHD begins in childhood, this disorder’s onset typically predates thyroid abnormalities, which generally occur later in life. Sleep disorders should also be ruled out as the cause of attention problems before the diagnosis of ADHD is made. During the individual’s assessment, physicians should also determine whether the use of a medication, illegal substance, or alcohol is causing the symptoms of inattention, hyperactivity, or impulsivity. Other mental disorders can cause impairments in social and occupational functioning similar to those associated with ADHD. However, these disorders can be distinguished from ADHD because they have additional symptoms and because ADHD exists in states in which these other disorders are absent. Individuals with conduct disorder differ from those with ADHD by exhibiting persistent antisocial behavior such as lying, cheating, and stealing. Individuals with oppositional defiant disorder



s,



es



Pr



c.



In



4



te



a du ra ted stgprin Po be ns ay ia y m ic op ys nal c Pherso 02 ne p



20



fundamental characteristics of this disorder. On the basis of the DSM-III-R criteria, more than 50% of patients no longer meet the full diagnostic criteria by age 20.28 With the DSM-IV childhood criteria—that is, 6 of 9 of either hyperactive or inattentive symptoms—the rate of persistence is similar.29 Although the DSM-IV includes the diagnosis of attention-deficit/hyperactivity disorder in partial remission for patients who have symptoms that cause functional impairment but are too few to meet the full diagnostic criteria, the DSM-IV continues to treat ADHD as a traditional psychiatric disorder with a single set of symptoms that characterize the disorder across the life span. Moreover, because adults in the normal population have fewer ADHD symptoms with age, Murphy and Barkley30 have proposed that the DSM-IV criteria are too stringent for adults. Barkley31 has argued that ADHD more closely resembles a developmental disability such as mental retardation or dyslexia than a traditional psychiatric disorder. Because individuals with developmental disabilities experience delays in the rate at which a trait develops, not absolute losses of function, developmental disabilities are diagnosed on the basis of age-referenced criteria. Therefore, ADHD, if viewed as a developmental disability, should be diagnosed relative to characteristics of the individual’s age group. Barkley et al.29 compared diagnoses of ADHD using DSM criteria with those using developmental disorder criteria. He demonstrated that, depending on which model was applied, there was a difference in the persistence of ADHD into adulthood. When strict DSM-IV criteria were used, 58% of children with ADHD had the disorder by age 21. When developmentally referenced criteria and reports by others about the individual were used, the rate of persistence to adulthood was 66%. How the rate of persistence of ADHD is judged also depends on the definition of remission. The mood disorder literature has a long tradition of examining subthreshold conditions and their relationship to function-



ality. For example, individuals with mania who no longer meet full criteria are nevertheless often not fully socially functional. In studies on mania, Keck and colleagues32 have described syndromal, symptomatic, and functional remission. Biederman and colleagues28 have shown that, if these definitions of remission are used for ADHD, about 60% of individuals with childhood-onset ADHD no longer meet full diagnostic criteria for ADHD, i.e., have achieved syndromal remission, at age 20 years (Figure 1). Another 30% may not meet full diagnostic criteria but continue to have enough symptoms to have an impairing subthreshold condition, i.e., have achieved symptomatic remission. However, when remission of ADHD is defined as functional improvement to the point of having fewer than 5 symptoms and a score greater than 60 on the Global Assessment of Functioning Scale,28 only 10% are found to be free of ADHD-associated functional impairment.
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Table 2. Rates of Persistence of Attention-Deficit/Hyperactivity Disorder in Follow-Up Studiesa Criteria at Time to Mean Age at Prevalence Criteria at Entry Follow-Up Follow-Up (y) Follow-Up (y) (%) Hyperactivity scales DSM-IV ADHD 8 14.9 72 Hyperactivity scales Hyperactivity scalesb 20–25 30.4 10 DSM-III-R ADHD DSM-III-R ADHD 4 14.5 85 DSM-III ADD DSM-III ADD 3–4 9.0 33 DSM-II hyperkinetic DSM-III ADD-H 9 18.3 31 reaction of childhood Hart et al, 199519 106 DSM-III-R ADHD DSM-III-R ADHD 4 10.4 77 Mannuzza et al, 199120 101 DSM-II hyperkinetic ADD 8–14 18.5 43 reaction of childhood 21 Mannuzza et al, 1993 91 DSM-II hyperkinetic DSM-III-R ADHD 13–19 25.5 8 reaction of childhood Offord et al, 199222 48 DSM-III ADD DSM-III ADD 4 NA 34c Weiss et al, 198523 61 Hyperactivity scales Hyperactivity scalesd 15 25.1 36 a Abbreviations: ADD = attention deficit disorder, ADD-H = attention deficit disorder with hyperactivity, ADHD = attention-deficit/hyperactivity disorder, DSM = Diagnostic and Statistical Manual of Mental Disorders, NA = not available. b At least 6 symptoms of hyperactivity. c Weighted data were used. d At least 1 moderately or severely disabling symptom. Study Barkley et al, 199014 Borland and Heckman, 197615 Biederman et al, 199616 Cantwell and Baker, 198717 Gittelman et al, 198518
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