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HISTORICAL AND MODERN CONCEPTUALIZATION OF ADHD: A 
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ABSTRACT

This paper seeks not only to analyze the current neurobiological concepts of attention deficit 

disorder, but to examine the disorder from a historical perspective and to study its development. 

The historical review begins with Hippocrates and studies its evolution of the disorder throughout 

the 20th century, including early neurobiological theories such as minimal brain 

damage/dysfunction and the catecholamine hypothesis. Through studying the history, it seems 

that some but not all of the behavioral disorders observed could have been fact attention deficit 

disorder. 

Due to the complexity and diversity of the symptoms of attention deficit disorder, symptoms 

closer to the genetic etiology of the disorder, or endophenotypes, have been studied. In addition, 

functional and structural imaging suggest a dysfunction of the frontal-striatal and fronto-

cerebellar networks may be key in the pathology of this disoder. Neurochemical models based on 

evidence from clinical and animal studies support this idea and implicate actions of 

norepinephrine on α2A receptors in the prefrontal cortex and dopamine in the striatum, possibly 

based on dysfunctions of transporters of these catelcholamines.

Thesis Sponsor: Elzie McCord
Division of Natural Sciences
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Introduction

In the United States, 8.4% of children aged 3-17 (as of 2007) are estimated to suffer from 

Attention Deficit Disorder (Attention Deficit/Hyperactivity disorder, 2011). Given these statistics, 

it becomes increasingly relevant to uncover the disorder’s associated physiopathology to allow 

for a greater understanding of the associated deficits, development of new pharmacological and 

non-pharmacological interventions, and possibly even insight to the etiology of the disorder.

The DSM-IV criteria for diagnosing ADHD can be seen in the appendix. As shown, if the 

patient has 6 or more symptoms from list A, they would be diagnosed as ADHD predominantly 

inattentive type. Likewise, if the patient has 6 or more symptoms from list B, they would be 

diagnosed as ADHD predominantly hyperactive/impulsive type. If the patient fills requirements 

for both types, they are diagnosed as ADHD combined type, which is by far the most commonly 

diagnosed variant of the disorder(Attention Deficit/Hyperactivity disorder, 2011). Thus unless 

stated otherwise, ADHD combined type will be considered exclusively without specification, 

although the the lack of specialization in treatment for the different subtypes presents an 

interesting problem.

Before delving into the modern theories of this disorder, it is helpful to examine its 

evolution. Thus, a significant portion of this review is dedicated to a timeline detailing the 

conceptualization of this disorder, especially throughout the 20th century. 
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A Timeline of ADHD

To better understand ADHD, it is helpful to look at its origins. It will be demonstrated 

that the current concept of ADHD as described by the DSM-IV is relatively modern and has 

changed considerably since antecedents of ADHD first began to be classified. However, it will be 

shown that mny previously described disorders possess common symptoms.

Hippocrates

Descriptions of people with deficits of attention have been reported as early as 

Hippocrates (over 2500 years ago). He described patients that had "quickened responses to 

sensory experience but also less tenaciousness [persistence] because the soul moves on quickly to 

the next impression (Cappicio, 2007, p. 30)." This description of deficits in persistence can be 

considered analogous to “often has difficulty sustaining attention in tasks or play activity”, a 

symptom of inattention from the DSM-IV (American Psychological Association, 2000). 

1775: Melchior Adam Weikard

In 1775, German physician Melchior Adam Weikard published the medical textbook Der 

Philosophische Arzt. It contained a chapter on attention deficits (entitled attentio volubilis) inside 

a larger section on “sickness of the spirit” (Geisteskrankheiten), making this section the first 

known description of this topic. Weikard's paper was not referenced by later writers. However 

Alexander Crichton, the physician formerly credited with the first description of attention 

disorders, visited two German cities were Weikhard had been knon to train, Stuttgart and Halle. 

Thus, Crichton may have learned of Weikhard's work during this time (Barkley, 2012). Barkley 

and Peters (2012) republished a translated version of the previously mentioned chapter of 
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Weikard and this seems to be description of a antecedent to ADHD.  Although this chapter was 

focused mainly on  inattention, a subsection entitled "Coincidences and Features" describes other 

symptoms that could be considered analogous to diagnostic criteria for ADHD (see Table 1).

Weikhard's Descriptions DSM-IV criteria

“In science he lacks thoroughness, punctual 
accuracy and correctness.”

"often fails to give close attention to details 
or makes careless mistakes in schoolwork, 
work or other activities" 

“Such people only hear half of everything; 
they memorize or inform only half of it or do it 
in a messy manner”

“often has difficulty organizing tasks and 
activities.”

“most inconstant in execution” and not 
spending "enough time and patience to search a 
matter individually or by the piece with 
adequate accuracy"

“often has difficulty sustaining attention in 
tasks or play activities” and “often avoids, 
dislikes, or is reluctant to engage in tasks that 
require sustained mental effort.”

Table 1: Weikard's descriptions of children with attention disorders and corresponding DSM-IV criteria suggesting 
that this was a historical antecedent to ADHD (Barkley, 2012)

Symptoms that may be indicative of impulsivity are also described by Weikard in 

addition to the above symptoms. Patients were described as impatient and were said not to give 

appropriate consideration to "imprudent projects" (Barkley, 2012).

 Weikard believed that these symptoms were due to poor upbringing, which he thought 

made "the [nerve] fibers too soft or too agile and can also cause the fact that they lack the 

necessary strength of the constant attention" (Barkley, 2012). In addition, Weikard believed 

differing abilities in concentration and attention were "based in the conformation of the fibers and 

in composition of the juices" (Barkley, 2012). Although his descriptions of neuronal changes is 

outdated, it is interesting that he described the effect that environment can have on brain 

structure, a concept far ahead of his time (Barkley, 2012). Also incorrect was his belief that 

inattention was more common in women than men. Perhaps most ridiculous in the context of 
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modern medicine were his proposed treatments for ADHD including cold baths, sour milk and 

steel powder, along with more reasonable ideas such as distraction free environments (Barkley, 

2012). Regardless, although not uncovered until 2012, this paper appears to be the first 

description of the disorder now referred to as ADHD (Barkley, 2012).

1798: Scottish physician Sir Alexander Crichton.

Until Weikard's work was uncovered, Scottish physician Sir Alexander Crichton was 

credited with the first description of patients with ADHD in his work An inquiry into the nature  

and origin of mental derangement: comprehending a concise system of the physiology and 

pathology of the human mind and a history of the passions and their effects.  Like Weikard's 

book, this work was unusual for the time as it was uncommon to examine mental illness from a 

physiological perspective. In fact, Crichton stated that at the time there were only two other 

authors who had “written fully on the subject of mental diseases” (Lange, 2010). 

Crichton described attention as “when any object of external sense, or of thought, 

occupies the mind in such a degree that a person does not receive a clear perception from any 

other one, he is said to attend to it” (Crichton, 2008). He goes on to emphasize that attention 

varies normally amongst healthy individuals and at different times. In addition he states that some 

distractions to attention are not necessarily pathological and are a part of the normal learning 

process. Examples of such distractions are  mental stimuli, volition, and education (Palmer & 

Finger, 2001). This idea is important because although he describes a pathological dysfunction of 

attention he believes that discraction is not inherently abnormal.
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More specifically, there are several features Crichton assigned to the concept of attention. 

First, he believed attention to be a central feature of one's awareness as it is what the person has 

chosen to concentrate their mind on. He also believed that attention was an activity that required 

effort, as opposed an automatic process. According to Crichton, attention meant a person actively 

initiates the action of concentrating their attention on something (Crichton, 2008). This idea is 

important to the study of ADHD because the idea that attention required effort allows for 

attention disorders, whereas if attention were automatic this would not be the case. Finally, he 

believed attention to be a volitional/willful activity that is, "active choice” (Crichton, 2008).

In addition to his conceptualization of attention, Crichton observed disorders of attention. 

He described children with “inconsistency of attention”, which means they lacked the ability to 

sustain “attention for an adequate period toward a particular object of attention, causing one to 

skip across various things spending little time of each” , which parallels symptoms of inattention 

from the DSM-IV (Barkley, 2012)(American Psychological Association, 2000). In addition, 

Crichton describes mental restlessness and “fidgets”, which are analogous to impulsivity and 

hyperactivity symptoms from the DSM-IV (Palmer & Finger & Finger, 2001) (American 

Psychological Association, 2000). However, the “fidgets” seem to describe a mental rather than a 

physical state, thus some believe that Crichton was describing patients with ADHD inattentive 

subtype (Palmer & Finger, 2001). Therefore,  Crichton  suggested that these issues tended to 

subside into adulthood, which is interestingly a relatively modern observation (Palmer & Finger, 

2001). Crichton also described how these problems can result from either heredity or diseases of 

the nervous system which parallel later concepts of minimum brain dysfunction and damage, 

respectively. 
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1846: Heinrich Hoffman 

Although Heinrich Hoffman did not publish a scientific paper like Crichton and Weikard, 

he is still considered important in the history of ADHD. A German physician, he began producing 

illustrations to amuse his young patients to allow for a more smooth examination. In 1844, he 

created the storybook Struwwelpeter as a gift for his son. However, a publisher saw the book and 

convinced Hoffman to publish in 1845. A year later in 1846, the story was republished along with 

additional stories, including the now famous Figety Phil, and has been republished numerous 

times since then1 (Lange, 2010).

The story of Fidgety Phil is of particular interest because it is one of the first descriptions 

of a child, Philip, who displays symptoms of inattention and hyperactivity associated with ADHD 

in the DSM-IV. The story begins with Philip's father asking his son if he can behave: “Let me see 

if Philip can be a little gentleman. Let me see, if he is able to sit still for once at table” (Hoffman, 

1844). This shows that Philip had a history of misbehavior and thus fulfills the DSM-IV criterion 

“symptoms must be present for 6 or more months” to be classified as ADHD (American 

Psychological Association, 2000). The line “But fidgety Phil, He won't sit still; He wriggles and 

giggles, and then, I declare swings backwards and forwards and tilts up his chair, just like any 

rocking horse”(Hoffman, 1844) demonstrates that Philip meets the DSM-IV criteria for 

hyperactivity “often fidgets with hands or feet or squirms in seat” (American Psychological 

Association, 2000). It also shows that he did not listen to his father so he “often does not seem to 

listen when spoken to directly” and/or “often does not follow through on instructions and fails to 

finish schoolwork, chores, or duties in the workplace (not due to oppositional behavior or failure 

1 the 400th edition of Struwwelpeter was released in 1917
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of comprehension)” (American Psychological Association, 2000). The story ends with Philip's 

excessive activity causing him to fall out of his chair and take all of the food off the table with 

him (Hoffman, 1844). This seems in line with the DSM-IV criteria: is often 'on the go' or often 

acts as if 'driven by a motor' (American Psychological Association, 2000). 

Also of interest to the study of ADHD is the story of Johnny Look-in-the-air, added to the 

5th edition of  Struwwelpeter published in 1847. In the story, Johnny shows signs of inattention as 

he is always “looking at the sky and the clouds that floated by”. This leads Johnny to 

absentmindedly fall into a river (Hoffman, 2012).

While these stories may seem to be stories of subjects with ADHD and many believe this 

to be the case, the intent of the stories was not necessarily to describe a disorder. Rather, some 

believe that Fidgety Phil is the story of a misbehaving son and is meant to serve as a moral 

lesson. Some believe this is supported by the original artwork. It shows a conflict between a 

father and his naughty misbehaving son. This is supported by the fact that the original cover 

Figure 1: Original cover of "Fidgety Phil" showing a child pulling at the 
tablecloth. This can be seen as deliberate defiance and thus suggests this 
story is not a description of ADHD (Hoffman, 2012)
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shows a father looking angrily at his son who is actively grabbing the tablecloth (see Figure 1), 

which he believes indicates deliberate defiance of the father's wishes (Lange, 2010).

1902: Goulstonian Lectures of George Fredrick Still

George Fredrick Still was president of the 1st international pediatric congress in 1933 and has 

been frequently dubbed “the father of British pediatrics” (Lange, 2010). His work “On Some 

Abnormal Psychical Conditions in Children”, published in 1902, contains one of the earliest 

known references to an historical antecedent of ADHD. As stated by the 1st line of these lectures: 

“The particular psychical conditions with which I propose to deal in these lectures are those 

which are concerned with an abnormal defect of moral control in children” (Still, 2006). Still 

defined “moral control” as  "the control of action in conformity with the idea of the good of all" 

(Still, 1902). He also stated that a lack of moral control could be shown in a variety of ways but 

according to Still: “the keynote of the manifestations of morbid defect of moral control is self-

gratification” (Still, 1902, 135) without regard for “not only such activity as is concerned with the 

good others, but also with the good of self” (Still, 1902, 126). This is relevant to the modern idea 

of ADHD as both difficulties in delayed gratification is associated with ADHD (Tripp & 

Wickens , 2009) and acting without regards to consequences (“good of others or good of all”) are 

associated with impulsivity. 

Still stated that moral control was based on 3 factors: cognitive relation to the environment, 

moral consciousness, and volition. He stated: “Out of this cognitive relation [to the environment] 

arises a consciousness of the relation of every volitional activity on the part of the individual to 

the good of all and this may call moral consciousness.” (Still, 1902, p. 127). In addition, he stated 

that a cognitive relationship with the environment implies a “capacity for reasoning comparison” 
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(Still, 1902,  p. 127) which means that both cognitive relationships with the environment and 

moral consciousness are intellectual capacities. Thus, he states that mentally challenged children 

often show a defect in moral control. However, he describes a group of individuals who show a 

defect in moral control but still demonstrate normal intellectual capacities, meaning, in Still's 

framework, these children have a defect of “inhibitory volition” (Still, 1902, p. 127). “Inhibitory 

volition” is another term for impulse control, a main symptom of ADHD. 

Within groups of children with “defective moral control as a morbid condition, apart from 

general impairment of intellect” there were two subgroups: those who had some sort of “physical 

disease” (Sti1l, 1902, p. 130), which included epilepsy, traumatic brain injury and cerebral tumors 

(Lange, 2010) and without “obvious physical disease” (Still, 1902, p. 131). The latter of these 

groups is by many considered to be a historical description of children with ADHD as executive 

function deficits associated with ADHD have been shown to be independent of IQ (Schuck & 

Crinella, 2005). 

Still (1902) studied 20 patients with “defective moral control as a morbid condition, apart 

from general impairment of intellect and apart from physical disease” (Still, 1902, p. 130). In 

addition to the moral control deficits described previously (ie impulsivity), these children possess 

“a quite abnormal incapacity for sustained attention” (Still, 1902, p. 133). Inattention is a key 

feature of ADHD and “has difficulty sustaining attention in tasks or play activities” (American 

Psychological Association, 2000), further supporting the idea that the children studied by Still had 

ADHD. He states that “In almost all these cases medical advice had been sought on account of 

the moral defect which had suggested to the parents or guardians that there must be some morbid 

mental condition.” (Still, 1902, p. 130). This indicates that the defects in moral control was severe 

enough to impact functioning, a criteria necessary from the DSM-IV (American Psychological 
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Association, 2000). In addition, of Still's 20 patients 15 were male, a distribution that he believed 

was “not altogether accidental” (Still, 1902, p. 130). This is 3:1 ratio is similar to the 2:28 

male:female currently reported distribution of children with ADHD in the United States 

(Ramtekkar et al., 2010), which provides further evidence that the affliction described parallels 

the modern concept of ADHD.

Although this evidence suggests that Still was studying some patients with ADHD, a defect 

in moral control as described by Still is insufficient for a diagnosis of ADHD. “Still did not 

predominantly refer to inattentive-impulsive children, but rather described several types of 

deviant behavior observed in children.” (Lange, 2010). His patients who he described as 

possessing “defective moral control as a morbid condition, apart from general impairment of 

intellect and apart from physical disease” likely included patients with the modern diagnosis of 

oppositional defiant disorder, conduct disorder and/or mild learning disabilities (Lange, 2010). 

Nonetheless, Still's identification of a group with difficulties with impulse control not associated 

with mental retardation or physical disease was “pioneering” (Lange, 2010).

1917-1928: Post-Encephalitic Disorder

The encephalitis lethargica epidemic, that spread around the world between 1917 and 

1928 and infected 20 million people, confirmed the idea that brain damage could cause 

behavioral and learning difficulties (Lange, 2010). Many of the children who survived the 

epidemic demonstrated abnormal behavior dubbed “post-encephalitic disorder”. Affected children 

demonstrated a variety of abnormal behavioral symptoms, some of which are relevant to the 

study of ADHD, including symptoms of impulsivity and hyperactivity (Lange, 2010). Thus,  most 

of the children diagnosed with post-encephalitic disorder would not have satisfied DSM-IV 
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ADHD diagnostic criteria. However, the study of the disorder was nonetheless important as it 

demonstrated a causal connection between brain damage and symptoms of hyperactivity and 

inattention (Lange, 2010).

1932: Hyperkinetic Disease of Infancy

In 1932, Franz Kramer and Hans Pollnow described a “Hyperkinetic Disease of Infancy”, 

marked by motor restlessness. Although the authors point out that symptoms of their 

Hyperkinetic Disease had been previously described, those afflicted had not been distinguished 

from children with diseases that present similar symptoms, such as post-encephalitic disorder. 

The main way in which this hyperkinetic disorder differed from post-encephalitic disorder was 

(as in the modern concept of ADHD) symptoms of motor restlessness presented only during the 

day, whereas the restlessness of post-Encephalitic disorder occurred throughout the night and 

caused sleep disturbances (Lange, 2010).

Kramer and Pollnow's (1932) description of hyperkinetic disorder shares many diagnostic 

features with  modern day concepts of ADHD. One such feature was motor activity that appeared 

urgent. They described children who appeared unable to sit still and ran around the room (Lange, 

2010). This behavioral description is similar to the modern concept of hyperactivity, a core 

feature of ADHD. In addition, symptoms of impulsivity and inattentiveness were described, 

including the lack of perseverance, inability to concentrate on certain tasks, and unresponsiveness 

when addressed. All of these symptoms closely parallel symptoms from the DSM-IV, supporting 

the notion that this disorder was a historical antecedent of ADHD.
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Minimal Brain Damage to Minimal Brain Dysfunction

 Due to Still's description of hyperactive children as a result of “physical disease” (Still, 

1902, p. 130), the encephalitus epidemic, and the rising popularity of stimulant medications, the 

prevailing belief throughout most of the 20th century was that childhood behavioral disorders 

were the result of brain damage. Although Still also described hyperactive children without 

“obvious physical disease” (Still, 1902, p. 131), in 1908 Tredgold  hypothesized that some brain 

damage, including injury at birth or non-severe anoxia, had occurred but the symptoms  could not 

be observed until academic demands made the deficits apparent. Thus, the prevailing belief 

became that even when brain damage could not be demonstrated it was presumed to be present. 

This idea was dubbed “minimal brain damage” (Ross & Ross, 1976, p. 16). Studies of anoxia on 

infants as well as maternal and fetal factors on behavioral problems served to support the idea of 

minimal brain damage. In addition, animal studies of minimal brain damage and its effect on 

behavior disorders also served to support this idea. The idea of a continuum of “degrees of 

damage” was also important to the prevalence of this notion (Ross & Ross, 1976, p. 17). 

Based on the work of Strauss et al. in 1947 and 1955, many physicians began to infer 

brain damage from behavioral signs alone. Such behaviors included but were not limited to 

hyperactivity  (Lange, 2010). Strauss et al. performed a series of studies to determine differences 

in the patterns of behavior of “brain-injured and non-brain-injured mentally retarded children”. 

Hyperactivity was among the traits associated with brain-injured patients. In 1955, Strauss 

published the hypothesis that all children demonstrating hyperactivity were brain damage. This 

work became highly regarded and many  practitioners began to accept this assumption, even 
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though this hypothesis and later evidence supposedly supporting this notion did not go without 

contemporary criticism (Ross & Ross, 1976). 

One source of criticism to this notion was put forward by Laufer, Denhoff & Solomons 

(1957).  According to the beginning of their article Hyperkinetic Impulse Disorder in Children's  

Behavior Problems:

It has long been recognized and accepted that a persistent disturbance of behavior of a 

characteristic kind may be noted after severe head injury, epidemic encephalitis and 

communicable disease encephalopathies, such as measles, in children. It has often been 

observed that a behavior pattern of a similar nature may be found in children who present 

no clear-cut history of any of the classical causes mentioned. This pattern will henceforth 

be referred to as hyperkinetic impulse disorder. 

(Laufer, Denhoff, & Solomons, 1957, p. 39)

This research was important because it demonstrated that a brain damage was not causal 

to all behavioral disorders. Thus, in an effort to characterize these sympoms, they describe a 

Hyperkinetic Impulse disorder with symptoms similar to those typical of the previous concept 

of minimal brain damage. Their newly defined disorder also centered around symptoms of 

inattention, hyperactivity, and impulsiveness. However, they believed the presence of 

“children who present the hyperkinetic impulse disorder without having any of the classic 

etiologic traumatic or infectious factors in their historical backgrounds”  (Laufer et al. 1957, 

38) presented an issue. In their research into this issue, they found that children with the 

hyperkinetic impulse disorder, “[had] a... threshold [of clinical response in EEG to metrazol] 

significantly lower than do children of comparable age without the syndrome” (Laufer et al. 



Historical and modern conceptualization of ADHD 14 

1957, p. 38), regardless of brain damage. Thus, the researchers theorized, in opposition to the 

idea that hyperactive patients were inherently brain damaged, that these results indicated a 

neurological dysfunction inherent in hyperkinetic patients rather than evidence of previous 

trauma. Interestingly, this threshold was normalized in hyperkinetic patients after 

administration of amphetamine, which will be discussed more in the next section (Laufer et 

al., 1957). 

Criticism of the hypothesis that all children with behavioral disorders possessed brain 

damage led the Oxford International Study Group of Child Neurology, after a 1963 conference, to 

advocate a shift in terminology from “minimal brain damage” to “minimal brain dysfunction. 

(Lange, 2010)”  However, they recommended that “the heterogeneous group of children 

subsumed under the concept of minimal brain dysfunction” be divided “into smaller and more 

homogeneous subgroups“. This meant that the classification of minimal brain dysfunction was 

merely intended as a preliminary classification (Lange, 2010). The same year, a task force was 

created by the National institute of Neurological Diseases and Blindness to develop methods for 

identification and a terminology of minimal brain dysfunction. Interestingly, the three most 

important criteria for this diagnosis were impairments of attention, impulse control, and motor 

function. These symptoms correspond to the three main diagnostic criteria for ADHD, symptoms 

of inattention, impulsivity and hyperactivity, respectively (Lange, 2010). Thus minimal brain 

dysfunction was important for the future characterization of ADHD.

1937-present: Therapeutic Use of Stimulants

American doctor, Dr. Charles Bradley was the first to observe the therapeutic effects of 

stimulants on children with behavioral disorders in 1937, but this finding was not intentional. He 
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studied children with neurological disorders at what is today known as Bradley Hospital in 

Providence, Rhode Island. Of these, some were diagnosed with emotional problems as well as 

learning and behavioral difficulties (Lange, 2010). Bradley performed pneumoencephalograms on 

these patients to examine structural neurological abnormalities, which often caused intense 

headaches supposedly due to loss of spinal fluid. To treat these headaches, Bradley attempted to 

use the stimulant Benzedrine, a racetamic amphetamine mixture (dl-amphetamine). Although this 

did not help treat the headaches, he found that some of the children's behavioral and school 

performance improved dramatically (Lange, 2010). 

Thus, in 1937, Bradley performed a controlled drug  trial on 30 hospitalized children 

diagnosed with behavioral disorders. Of these children, there were 21 boys and 9 girls, a ratio 

which he states “[approximates] that noted for all admissions to the hospital” (Bradley 1937). 

Interestingly, this ratio of 2.33:1 is extremely close to the current estimates for the male:female 

ratio of ADHD of 2.28:1 (Ramtekkar et al., 2010). 

Of the 30 patients studied, 14 children demonstrated substantial improvement in 

academic functioning. Teachers reported that these patients showed “a great increase of interest in 

school material” which was “noticed immediately” (Bradley, 1937). In addition, Bradley noted 

that these children seemed to experience an increase in “drive” as well as speed and accuracy of 

comprehension (Bradley, 1937). This drive parallels modern ideas of motivation, a possible 

endophenotype of ADHD (will be discussed more later). In addition to an increase in academic 

performance, Bradley also noted that 15 of the 30 patients demonstrated subdued emotional 

responses upon administration of benzadrine. According to Bradley: “In this group were some 

children who had expressed their irritability in group activities by noisy, aggressive, domineering 

behavior. Such children under the influence of the drug became more placid and easy-going” 
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(Bradley, 1937). This may represent treatment of one of the symptoms of impulsivity from 

ADHD DSM-IV criterion “often interrupts or intrudes on others, e.g. butts into other children's 

games” (American Psychological Association, 2000). In addition, Bradley states:

It appears paradoxical that a drug known to be a stimulant should produce subdued 

behavior in half of the children. It should be borne in mind, however, that portions of the 

higher levels of the central nervous system have inhibition as their function, and that 

stimulation of these portions might indeed produce the clinical picture of reduced activity 

through increased voluntary control. (Bradley, 1937)

Interestingly, Bradley's theory of deficits of inhibition in these patients is supported by 

recent evidence, including a study indicating that deficiencies in response inhibition is a possible 

ADHD endophenotype (Crosby et al., 2013). Bradley also theorized that the increase in voluntary 

control was due to action on the frontal cortex (Bradley, 1937). Recent research has shown that 

the frontal cortex may be important for the understanding of ADHD, which will be discusse later.

Even though this work was published in prominent journals it did not impact the field of 

psychology for over two decades, even though Bradley continued to study the effects of stimulant 

medication for 15 years after the original article was published. He also published a study in 1950 

in which he found the effects of benzedrine with dexedrine (d-amphetamine) to be equal in 

efficacy (Bradley, 1950). Dexedrine is widely used today for the treatment of ADHD.

Research suggesting a biological basis for these disorders, in particular the work by 

Laufer et al. (1957) described previously, rekindled interest in stimulant medications. As stated 

previously, Laufer et al. (1957) found that administration of amphetamine to children with ADHD 

normalized EEG readings. Unlike Dr. Bradley, their investigation into stimulant medications for 
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behavioral disorders was quite intentional as they were greatly influenced by Bradley's work. Not 

only was the study by Laufer et al. was conducted at the Bradley Home, the same research 

hospital where Charles Bradley conducted his investigations on the effects of benzedrine, but in 

their paper, Laufer et al. even “acknowledge their indebtedness to Charles Bradley, M.D., whose 

pioneer observations provided the inspiration for [their] studies” (Laufer, 1957, p. 38-39).

Amphetamine marks the first use of a modern psychiatric medication for any medical 

disorder (Baumeister, 2012). However, by the time stimulant medications began to be used by 

physicians to treat behavior disorders, benzedrine had fallen out of clinical use due to its high rate 

of abuse and thus other stimulants were used.

Methylphenidate, the current drug of choice for ADHD treatment, was first developed by 

Leandro Panizzon in 1944 (Lange, 2010). Ten years later, it was marketed by Ciba laboratories in 

Switzerland under the brand name “Ritalin”, a name derived from the first name of Panizzon's 

wife, Rita (Lange, 2010). Although the compound was introduced to the United States a year 

later, in 1955, it was not until 1957 that it was first referenced as a treatment for behavioral 

problems (Baumeister, 2012). This compound was referenced in yet another  paper written in the 

same year by Laufer and Denhoff (1957). Although focused on the treatment of behavioral 

disorders with amphetamine, the paper has a brief section mentioning other medications 

advocated in regards to the treatment of behavioral disorders, including methylphenidate and 

methamphetamine2. Some of the other compounds mentioned included sedidatives such as 

Dramamine, diphenhydramine and other anti-histamines (Laufer & Denhoff, 1957)

.

2 Methamphetamine is still approved for the treatment of ADHD and narcolepsy by the FDA and is sold 
under the same brand name referenced in this paper, Desoxyn



Historical and modern conceptualization of ADHD 18 

1968: Hyperkinetic Kinetic Reaction of Childhood & DSM II 

When the Oxford International Study Group of Child Neurology advocated for the 

concept of minimal brain dysfunction, they recommended that this diverse group should be 

further classified in smaller subgroups. Although the idea continued into the 1980's, its popularity 

began to wane with criticisms beginning in the 1960's. Evidence against this idea included 

children with known brain damage or dysfunction that did not display signs of hyperactivity 

(Lange, 2010). Thus, Hyperkinetic Impulse Disorder described by Laufer et al. (1957) developed 

into a “hyperactivity syndrome” through the 60's (Baumeister, 2012). In 1968 the second edition 

of the Diagnostic and Statistical Manual of Mental Disorders put forward by the American 

Psychological Association (APA), or DSM-II, added “Hyperkinetic Reaction of Childhood” with 

a brief definition: “The disorder is characterized by overactivity, restlessness, distractibility, and 

short attention span, especially in young children; the behavior usually diminishes by 

adolescence” (American Psychological Association, 1968).

Catecholamine Hypothesis

The first specific neurochemical ADHD theory was proposed by Kornetsky in 1970 

(Baumeister, 2012). He believed that amphetamine inhibited norepinephrine release and thus 

believed that hyperkinetic activity was the result of increased norepinephrine release, turn over, 

and/or synthesis. It is now known that stimulant medications have an opposite effect, which will 

be discussed later. He believed that such an increase in catecholamine release could be gauged by 

comparing catecholamine levels in the urine. Thus, although the specifics of the theory were 

incorrect, a dysregulation of these neurotransmitters is still believed to be involved in the 

pathogenesis of ADHD. 
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1980: Attention Deficit Disorder and the DSM-III

By the 1970's interest in hyperactivity began to shift towards an interest in attention 

deficits. This is influenced in part by a paper addressed to the Canadian Psychological association 

in 1972. In this paper, Douglas (1972) argued that symptoms of hyperactivity in children were 

accompanied by symptoms of inattention and impulsivity, which he believed may be “more 

important” than symptoms of hyperactivity. This paper was very influential and, along with 

supporting research, caused a change in way Hyperkinetic Reaction of Childhood was viewed. 

Thus, when the DSM-III was published in 1980, the APA renamed the disorder “Attention Deficit 

Disorder (ADD) (with or without hyperactivity)”, which meant that hyperactivity was no longer 

an essential diagnostic criterion for the disorder and thus it could present with or without 

hyperactivity (defined as two distinct subtypes of the disorder). The DSM-III also marked the 

introduction of three different specific symptom lists for inattention, impulsivity, and 

hyperactivity (American Psychological Association, 1980).

1987: ADHD and the DSM-III-R

At the time of the inception of ADD, it was not clear if the two subtypes (with or without 

hyperactivity) of ADD presented a common attentive subtype or if they were two distinct 

psychiatric disorders. Thus, in the revision of the DSM-III released in 1987, the DSM-III-R, the 

subtypes were removed and the disorder was renamed “Attention deficit-Hyperactivity Disorder”, 

or ADHD and all the symptoms in all three symptoms lists were combined into a single list with a 

cutoff score. ADD without hyperactivity was then removed and assigned to the category 

“undifferentiated ADD” (American Psychological Association, 1987).
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1994-present: Further conceptualization of ADHD and the DSM-IV

By the late 1980's emerging evidence suggested the presence of subtypes within the 

broad diagnosis of ADHD. Thus, before release of the DSM-IV, a field trial was conducted to 

further classify the disorder (Lange, 2010). Based on these trials, the disorder was then classified 

into 3 categories: a primarily  inattentive type, a predominantly hyperactive-impulsive type, and a 

combined type exhibiting features from both the other types. This new categorization meant that 

“concept of the two separate dimensions of attention deficit and hyperactivity-impulsivity was 

reverted” (Lange, 2010) and that,like the DSM-III, this new classification allowed for diagnosis 

of inattention independent hyperactivity.

In addition to more precise subtyping in the 1990's, it was recognized that ADHD 

continues often continues into adulthood and is not merely a disorder of childhood. The DSM-IV 

even features examples of workplace difficulties in depictions of symptoms supporting diagnosis 

of adult ADHD. However,  the accuracy of a diagnosis of adult ADHD by the DSM-IV has been 

challenged as the DSM-IV field study used to create the subtypes only included patients up to the 

age of 17 (Lange, 2010).
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Final Thoughts

As demonstrated, several historical antecedents have been proposed, especially 

throughout the 20th century. Many of these descriptions match various DSM-IV criteria for 

ADHD, increasing validity of the notion that these researchers were indeed describing modern 

day concepts of ADHD. Interestingly, modern research has supported the historical ideas of 

minimal brain damage or dysfunction using neuroimaging techniques to demonstrating structural 

abnormalities in ADHD patients, which will be discussed later. 
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Biological/Enviromental Etiology

A number of environmental risk factors have been associated with increased risk for 

ADHD including maternal smoking/drinking during pregnancy, prenatal exposure to certain 

toxins such as PCBs and lead, and complications during birth (Banerjee, Middleton, & Faraone, 

2007). 

The search for a genetic etiology for ADHD has proved inconsistent. Genes related to 

catecholamines have been implicated;  meta-analyses of several studies have linked variations of 

the dopamine genes DRD4, DRD5,which encode for dopamine receptors 4 and 5 respectively, 

(Li, Sham, Owen, & He, 2006) as well as the 10-repeat allele of the dopamine transporter gene 

DAT1 (Gizer, Ficks, & Waldman, 2009)(Todd & Neuman, 2007). A number of other genes 

including 5HTT, HTR1B, and SNAP25 (Gizer, Ficks, & Waldman, 2009) are also associated with 

the disorder.  However, a comparative analysis of the human genome did not replicate these 

findings (Franke, Neale, & Faraone, 2009).  In  addition, interactions between genes and 

enviroment have been studied. This includes a  study that  found a DAT1 polymorphism to only 

be a risk factor for ADHD in combination with maternal smoking during pregnancy (Kahn, 

Khoury, Nichols & Lanphear, 2003).



Historical and modern conceptualization of ADHD 23 

Search for Endophenotype

To determine the biological basis for a disorder, the concept of an endophenotype has 

been suggested. While the symptoms presented above demonstrate that ADHD as a whole is a 

complex phenotype, an endophenotype is a more specific and measurable phenotype that is more 

closely linked to biology. More specifically, it can be defined as “a phenotype that is more 

proximal to the biological etiology of a clinical disorder than its signs and symptoms and 

influenced by one or more of the same genes that confer susceptibility to the condition” (Doyle, 

2005). Presumably, the concept of an endophenotype is useful in child psychiatry because it may 

have a simpler genetic origin than the affliction itself (Gottesman, 2003). According to Gottesman 

et al., there are 4 defining characteristics of an endophenotype:

“1. The endophenotype is associated with illness in the population.

2. The endophenotype is heritable.

3. The endophenotype is primarily state-independent (manifests in an individual whether or not 

illness is active).

4. Within families, endophenotype and illness co-segregate. “ 

Executive Function

Deficits in executive function have been theorized as possible endophenotypes (Tripp & 

Wickens, 2009). However, deficits in executive function have proved an inconsistent 

endophenotype as it is not found in unaffected family (Uebel et al., 2010) and there is conflicting 

evidence whether or not it even present in all ADHD pateints (Doyle, 2005). Further, deficits in 

executive function are not necessary for a diagnoses of ADHD (Banaschewski, 2005). Finally, the 



Historical and modern conceptualization of ADHD 24 

measure of “executive function” has been criticized for its lack of preciseness and more specific 

neurophysiological measures of cognitive function are thought to be important (Doyle, 2005).

Response Inhibition

Recent research has suggested that deficits of response inhibition may also represent an 

ADHD endophenotype. This is usually measured by either a go-no go task or a stop-signal task. 

In the stop signal test, the subjects are presented with either a go stimulus to set up a tendency 

torwards response. After a series of test trials, a stop signal is presented in a percentage of the 

trials. The subjects are instructed to withhold their responses when the stop signal is presented. 

Thus, response inhibit ion can be measured by the ability to adhere to this rule (Verbruggen, 

2008). Go/no-go tasks require that the patients respond to a certain stimuli and inhibit their 

responses when presented with a different stimuli. Again, response inhibition is used to measure 

responses (Crosbie et al., 2013) Highlighting importance of response inhibition in the study of 

ADHD is the reported ability of both stimulant and non-stimulant (atomoxetine) medications to 

increase performance in this stop-signal task (Schultz, 2012). 

Crosbie et al. (2013) assert that response inhibition is an endophenotype for ADHD. These 

researchers found that response inhibition was significantly associated with ADHD. They 

reported that patients withh high ratings of traits associated with ADHD also showed impaired 

response inhibition on the stop-signal task, fulfilling the 1st of Gottesman’s criteria. Then, they 

found that response inhibition is highly heritable (2nd criterion). Also, since Gottesman found that 

response inhibition can manifest in relatives in the absence of ADHD, the endophenotype is state-

independent, meeting Gottesman’s 3rd criterion. In addition, “there was evidence of shared genetic 

risk between poor response inhibition (longer stop signal response time) and high ADHD trait 
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scores”, meaning the traits are co-heritable, meeting the 4th criterion (Crosbie, 2013). 

Interestingly, reduced response inhibition has been linked to possession of two copies of the 10-

repeat DAT1 allele in both healthy and afflicted adolescents (will be discussed in Dopamine 

subsection). 

Thus, response inhibition is a potential endophenotype according to the criteria put forth 

by Gottesman. However, he states, “the ADHD phenotype is complex and is likely to be the final 

common outcome of multiple biological pathways only some of which involve deficient motor 

response inhibition.”

However, performance on response inhibition tasks may be dependent on reward. One 

study that used financial rewards for their subjects showed no deficits in reward processing or 

response inhibition (Demurie, Roeyers, Wiersema & Sonuga-Barke, 2013). This suggests 

motivation may be a more important phenotype of ADHD.

Motivation

 Dysfunctions of motivation, more specifically response to reinforcement, have also been 

considered as a possible endophenotype (Tripp & Wickens, 2009). Researchers found an atypical 

response to incentive (decreased reaction time/variability of responses) in both ADHD children 

and their unaffected siblings, while deficits in executive function were not found to be as 

prominent in unaffected siblings (Uebel et al., 2010). An abnormal response to reward, and thus 

altered motivation, could explain many of the symptoms of ADHD from the DSM IV. Some 

theorize that dopamine reward system modulates this system, which will be discussed in a later 

section (Tripp & Wickens, 2009; Volkow et al., 2009).  
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Further Work

It has been suggested that twin studies could help search for an endophenotype by 

searching for more measurable, highly heritable phenotypes than those mentioned above(Wood & 

Neale, 2010). One review, conducted by Rommelse et al. in 2008, did just this; they found six 

neurophysiological deficits associated with ADHD patients to be highly heritable including 

performance in tests of tracking, motor timing, and time reproduction. These results suggest that 

further research should focus on more quantifiable endophenotypes rather than more broad 

concepts such as those reported above.
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 Neuroimaging

Many modern theories regarding the pathophysiology of ADHD center around fronto-

striatal circuits, although there is growing evidence for implications of other circuits, especially 

the fronto-cerebellar. Here we will briefly examine some neuroimaging evidence for dysfunctions 

of these circuits, as well as other specific brain areas. 

Frontal Lobe/Prefrontal Cortex

The prefrontal cortex (PFC) is a portion of the frontal lobe responsible for determining the 

appropriate movement for the correct time and place relative to internal and external cues. 

Lesions to this region are associated with poor response inhibition and risk taking/rule breaking, 

characteristics of ADHD (Kolb & Whishaw, 2009).

A review of functional magnetic resonance imaging studies (ie. fMRI and positron emission 

topography [PET]) reported consistant hypofunctionality of frontal lobe during tests of inhibition 

and executive function in ADHD patients compared to controls (Dickstein, Bannon, Xavier, 

Castellanos, & Milham, 2006). In addition, MRI studies have shown a lower volume of the 

prefrontal cortex in affected individuals compared to controls (Durston et al., 2004).

In addition, measures of regional cerebellar blood flow have shown increased activity in 

both the frontal and parietal lobes following administration of methylphenidate, suggesting that 

these loci are essential for the therapeutic effects of the drug and possibly may be implicated in 

the underlying pathophysiology (Mehta, 2000).
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Basal Ganglia

Among the most studied brain regions in the study of ADHD is the basal ganglia. This 

conglomeraton of structures has been consistently correlated with ADHD through both functional 

and structural imaging methods. This region is also of particular importance due to extensive 

dopaminergic innervation, a catecholamine that has been consistantly implicated in the pathology 

of ADHD.

Such research includes demonstrations of hypofunctionality of the striatum both during 

tests of inhibition (Schneider, 2010) and reward (Scheres, Milham, Knutson, & Castellanos, 

2007). This is of interest because alterations of both these features has been implicated in ADHD 

(reward will be discussed in the dopamine section) 

Structural abnormalities have also been observed in this region in afflicted patients. 

Using MRI, Sobel et al. (2010) studied the surface morphology of the 3 nuclei that make up the 

basal ganglia: the globus pallidus, caudate and putamenin patients with Attention Deficit 

Hyperactivity Disorder (ADHD) without or without current treatment with stimulant medications. 

Interestingly, the researchers observed inward deformations at the surfaces of all three of these 

nuclei in stimulant-naive patients. However, patients undergoing stimulant treatment were shown 

to possess outward deformations in these regions compared to stimulant-naive patients. These 

findings suggest that stimulant medications may have a long-term effect on improving ADHD 

symptoms by correcting an abnormal physiological phenotype.

The researchers evaluated the surface morphology of the basal ganglia nuclei by 

computing the Euclidian distance between each point on the surface of these structures in a 

participant to the corresponding point on the nuclei of “a healthy comparison reference template”, 
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a patient without ADHD (Sobel et al., 2010). They calculated a negative distance as a inward 

deformation and a positive distance as an outward deformation.

Not only were inward deformations noted across the surface of all three nuclei in 

medication naïve patients (as reported), but the magnitude of these deformations was directly 

proportional to the intensity of ADHD symptom severity (Sobel et al., 2010). These results 

suggest a strong association between these topological abnormalities and ADHD.

Across the three nuclei, these deformations were localized primarily in ventral, anterior, 

and posterior portions that correspond to the limbic, associative and sensorimotor systems, 

respectively. This is significant because portions of these systems have been previously 

associated with ADHD. For example, decreased volume of the orbitalfronto cortex (a component 

of the limbic system) has been demonstrated in ADHD patients compared to healthy controls 

(Hesslinger, 2002). In addition, the associative circuit of the basal ganglia has been shown to be 

active during executive functioning, in addition to the prefrontal cortex (McNab, 2008). Thus, 

dysfunctions of the associative system would likely result in deficits in executive functioning, a 

hallmark symptom of ADHD (Barkley, 1997). Finally, dysfunctions in the sensorimotor system 

have also been observed in ADHD patients, including reduction of premotor and prefrontal cortex 

volume (Mostofsky, 2002).

Sobel et al. (2010) theorized that these inward deformations are due to dopamine 

deficiencies, and are possibly caused by an over abundance of the dopamine transporter. If this is 

true, the stimulant medications correct these inward deformations by increasing dopamine 

concentrations in the basal ganglia.

This work indicates that inward deformations in the ventral, anterior and posterior 

portions of the basal ganglia are associated with ADHD. Given that the outputs of these regions 
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have been previously associated with ADHD, it is becoming more likely that dysfunctions of the 

basal ganglia and/or its outputs are important in the pathology of ADHD. In the context of 

contemporary literature on the neurology of ADHD, it is also likely that this dysfunction is due to 

a dopaminergic dysfunction (Tripp & Wickens, 2009). However, the study by Sobel et al. did not 

measure the ADHD symptoms of those who were treated with ADHD medications. Thus, further 

research is needed to determine if the difference in basal ganglia morphology corresponds to long 

term improvement.

Volumetric asymmetry of the caudate nucleus is common in normal individuals; typically 

the right nucleus is larger than the left. However, some studies have reported this asymmetry has 

been found to be inverted in adolescents  with ADHD using MRI, represented by an increased 

size of the left caudate (Garret et al., 2008). Interestingly, children have not been shown to 

possess this asymmetry, but rather a decreased volume of the caudate altogether (Semrud-

Clikeman et al., 2000; Carrey et al., 2012). This seemingly paradoxical finding suggests that the 

left caudate increases in size over time. Interestingly, research has also shown that dopamine 

receptor availability is also greater on the right side, which will be discussed in more detail in the 

dopamine subsection.

Other  studies have shown that  implicated fronto-striatal circuitry. One study using fMRI 

showed altered fronto-striatial function to be present in both ADHD children and adults during 

sustained attention (Durston, 2001). Altered white matter connectivity between these regions in 

affected individuals has also been shown using fractional anisotropy, a technique that measures 

diffusion using fMRI (Casey, 2007) (Cubillo, Halari, Smith, Taylor, & Rubia, 2011).
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Such evidence has led many neuroscientists to theorize that the dysfunctions of inhibitory 

control are due to irregularities of fronto-striatal circuitry (Durston, van Belle, & de Zeeuw, 2011; 

Tripp & Wickens, 2009). They suggest that dysfunctions in dopamine systems in this region may 

be causal in ADHD (Tripp & Wickens, 2009). This theory will be analyzed in the next section. 

Cerebellum

Although classically considered for its functions in motor control, recent research has 

demonstrated other functions, such as roles in learning, memory, and attention (Strick, Dum, & 

Fiez, 2009). Recent research has focused in abnormalities of this structure in affected individuals.

One MRI study showed affected subjects to possess smaller volumes of the cerebellum in 

medication naive children with ADHD compared to controls and previously medicated patients 

(Castellanos et al., 2002). In addition, a study of ADHD patients and their unaffected siblings 

showed that both siblings had smaller prefrontal volumes but only the affected siblings possessed 

a smaller cerebellar volume; the researchers suggest that this may mean that a dysfunction of the 

cerebellum may be essential to the pathology of the disease, while prefrontal dysfunction was a 

familial risk factor (Durston et al., 2004). Another study showed a lower average volume of the 

inferior vermis of the cerebellum (Bledsoe, Semrud-Clikeman, & Pliszka, 2011). A fMRI study 

showed reduced activation of ventral prefrontal cortex and cerebellum corresponding to poor 

performance during timing tasks in ADHD patients (Durston et al., 2007). White matter was also 

found to be altered in the left cerebellar region using diffusion techniques (Nagel et al., 2011).  

Recent research has demonstrated that the cerebellum actually forms a closed loop with the 

cortices and can therefore influence them via input/output (Strick et al., 2009). This, combined 
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with the above evidence, led Durston to suggest that in addition to fronto-striatal circuitry, 

dysfunctions in fronto-cerebellar circuits may implicated with the disorder. She suggests that this 

circuit may be involved with timing, which is supported by lower activation of the cerebellum 

during timing tasks in ADHD patients (Durston et al., 2011). 

Other Brain Abnormalities

Aside from the fronto-striatal circuit and the cerebellum, white matter pathways have found 

to be altered in several regions in ADHD patients including “bilateral temporo-occipital and 

corona radiata... and right frontoparietal white matter pathways” (Nagel et al., 2011). In addition, 

studies have shown a reduced average volume of the amydala (Frodl et al., 2010) and of the 

corpus collosum (Castellanos et al., 1994), suggesting that the brain regions that are altered in 

ADHD patients may be widespread. 

By demonstrating brain regions that are altered in ADHD, recent studies have, in a way, 

supported the theory of minimal brain dysfunction. Although this idea was more broad than the 

current conceptualization of ADHD, it is nonetheless interesting that this theory has been shown 

to be more relevant than once thought.
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Catecholamine Dysfunction

As discussed briefly in the history section, catecholamine dysfunction is the earliest known 

neurobiological theory of ADHD. Although altered significantly, this idea has largely stood the 

test of time and is still currently studied extensively. The most well studied of these 

neurotransmitters in the context of ADHD are dopamine and norepinephrine, which will be 

discussed both individually and in the context of each other.

Low Dopamine Theory

According to Swanson et al.: “Multiple theories of Attention-Deficit/Hyper- activity 

Disorder (ADHD) have been proposed, but one that has stood the test of time is the dopamine 

deficit theory” (2007). This is not entirely true, however, asthis theory it is not supported 

unanimously and there is a substantial body of literature questioning the “low dopamine theory”. 

Volkow et al. have published several articles in support of the dopamine deficiency theory 

yielding several interesting results. One experiment, published in 2007, compared D2/D3 

availability in the caudate nucleas between control and ADHD adults after administration of 

placebo or methylphenidate. [11C]raclopride, a D2/D3 radioligand, is used to measure D2/D3 

receptor availability as it is sensitive to competition with naturally occuring dopamine. Following 

administration of the drug, binding of the radioligand decreased, indicating an increase in the 

concentration of dopamine in the striatum (Volkow et al., 2007b). With placebo, the researchers 

found a reduced availability of dopamine receptors D2 and D3 in the left caudate in ADHD 

patients compared to controls (Volkow et al., 2007b). This is interesting because, as reported 

earlier, ADHD adolenscents/adults have been shown to possess a larger left caudate (will be 

discussed more thoroughly). In addition, ADHD patients demonstrated a lessened or “blunted” 
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response to the radioligand in both the left and right caudate nuclei. They found a blunted 

response to methylphenidate in ADHD patients, which they attributed to low dopamine levels that 

were adjusted by the drug. However, as they note in their conclusion, “Also we cannot rule out 

the possibility that the blunted DA responses to methylphenidate in subjects with ADHD could 

reflect higher baseline DA tone that would interfere with further increase by methylphenidate via 

activation of autoreceptors.”(Volkow et al., 2007b ). They seem to leave out this fact when 

referring to this study in a later study: “[11C]Raclopride measures are influenced by extracellular 

dopamine (the higher the extracellular dopamine, the less the binding of [11C]raclopride to 

D2/D3 receptors), and thus low-binding potential could reflect low D2/D3 receptor levels or 

increased dopamine release. However, the latter is unlikely since we had previously reported 

that dopamine release in a subgroup of our ADHD participants was lower than in 

controls.”(Volkow et al., 2010). Thus, the idea that ADHD patients possess higher baseline 

dopamine levels should not be ruled out.

The idea that dysfunctions in the dopamine systems cause deficits in motivation is 

supported by a study showing a link between D2/D3 receptor and DAT availability and the trait 

of motivation in ADHD patients using  PET (Volkow et al., 2010). However, this study, again, 

relied on [11C]raclopride labeling which, as stated, may or  may not be an accurate measure.

Another study claiming to show low dopamine levels in ADHD patients measured 

levels of plasma homovanillic acid (pHVA), a major metabolite of dopamine. The results 

showed that levels of pHVA inversely corresponded to symptoms of ADHD, indicating low 

dopamine levels are correlated with symptoms. However, the accuracy to which these levels 

indicate dopamine levels is not known (Coccaro, Hirsch, & Stein, 2007). 



Historical and modern conceptualization of ADHD 35 

Dopamine and Reward Learning

As stated previously, Tripp & Wickens hypothesize that dysfunctions in dopamine may play 

a role in altered reward learning (I.e., dysfunctions in motivation, as previously discussed) in 

ADHD subjects. They call this hypothesis the Dopamine Transfer Deficit theory. Due to the 

significant innervation of dopamine receptors in the striatum (even more than in the PFC) and 

previous reports of hypofunctionality during reward tasks (see Neuroimaging section), they 

suggest that this deficiency is related to the hypofunctionality of this brain region in response to 

reward. It is important to note that they do not claim low dopamine levels are possible but not 

required for this theory (Tripp & Wickens, 2009).

Their theory asserts the following:

1. In normal children, the dopamine cell response to positive reinforcement 

transfers to earlier cues that predict reinforcement.

2. This transfer provides immediate reinforcement at the cellular level when 

behavioural reinforcement is delayed.

3. In children with ADHD, the transfer of the dopamine cell response to the 

cue that predicts reinforcement fails to occur.

4. This dopamine transfer deficit leads to delayed reinforcement at the 

cellular level if behavioural reinforcement is delayed. (Tripp & Wickens, 

2009)

They assert that this lack of reinforcement explains the abnormal response to reward in 

ADHD children, and thus their lack of cellular reinforcement to continue a task that normal 
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subjects possess. Children with ADHD thus respond to actual, immediate instances of reward 

rather than predicted reward, which would explain DSM-IV symptoms of inattention/off task 

behavior such as “Often does not give close attention to details or makes careless mistakes in 

schoolwork, work, or other acstivities” and “Often has trouble keeping attention on tasks or play 

activities”. They explain other symptoms of inattention such as “often does not follow through on 

instructions and fails to finish schoolwork, chores, or duties in the workplace” as an “increased 

sensitivity to delay of reward” due to lack of conditioned reinforcers. They also claim that the 

theory explains some hyperactive/impulsive symptoms of ADHD. As they explain, the symptom 

“often leaves seat in classroom or in other situations in which remaining seated is expected” can 

be explained as a lack of reinforcement to stay in the chair due to less activity of dopamine 

neurons causing a deficit of anticipation of reinforcement. As they also note, however, their 

theory lacks an effective explanation for other symptoms of inattention, impulsivity, and 

hyperactivity such as “often leaves seat in classroom or in other situations in which remaining 

seated is expected” and “often fidgets with hands or feet or squirms in seat.” 

DAT levels 

Most research has shown patients with ADHD to possess higher concentrations of 

dopamine transporters (DAT), which would mean dopamine is removed from the synapse more 

quickly, reducing the synaptic concentration and effects of the neurotransmitter. One meta-review 

concluded that DAT concentrations were increased in the striatum in ADHD patients (Krause, 

Dresel, Krause, la Fougere, & Ackenheil, 2003). More recently, a study using [11C] altropane and 

PET found increased binding to dopamine transporters in the right caudate in ADHD adults 

(Spencer et al., 2007). Theoretically, a higher amount of dopamine transporters would cause 
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faster reuptake of dopamine from the synapse decreasing overall dopamine binding to the 

receptors. 

However, in their 2007 study “Brain dopamine transporter levels in treatment and drug 

naïve adults with ADHD.”, Volkow et al. found that ADHD adults possessed a reduced 

availability of DAT in the left caudate using PET to track radiolabeled [11C]cocaine.  The caudate 

has been consistently implicated in response inhibition and reward learning, both of which are 

altered in ADHD pateints. In addition, although DAT binding in the putamen didn't differ between 

controls and ADHD patients. This seemingly paradoxical finding suggests that reduced DAT 

levels may correspond with ADHD symptoms but the mechanism for this is unclear. Taken with 

findings that the left caudate is typically larger in ADHD adults, this suggests a reduced DAT 

Figure 2 : Images obtained with [11C]cocaine to assess dopamine transporters. Higher DAT concentrations are 
reflected by increased binding of the radioligand  (Volkow, 2009)
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availability results in increased volume of the region. This may be due to increased dopamine 

signaling in this area. These results are contradictory to the low dopamine theory, further 

complicating understanding of the disorder. Volkow et al. (2009) confirmed that ADHD patients 

possess decreased availability of this transporter (Figure 2) along with both the D2 and D3 

receptor. In addition, one meta analysis of PET and single photon emission tomography showed 

that DAT concentrations in the striatum were higher in ADHD individuals relative to controls. 

This meta analysis concluded that, relative to unmedicated patients and controls, patients who 

have been medicated show high DAT levels. However, further research is needed to confirm these 

findings (Fusar-Poli,  Rubia, Rossi, Sartori, & Balottin, 2012).

 Thus, these results support the theory that irregularities involving dopamine may play an 

important role in this disorder, but the results are not consistent. Taken with the results of Volkow 

et al. (2009) indicating that ADHD patients have decreased D2/D3 receptor availability in the left 

caudate in ADHD adults, it does not seem clear why atypical volumetric symmetry of the caudate 

nuclei has been observed in ADHD adults and adolescents (due to larger left caudate). One 

possible explanation is that reduced receptor availability in the left caudate causes a mechanism 

that results in volumetric compensation, but this idea is purely speculative. 

DAT1 Dysfunction

Genes involved in the regulation of dopamine synapses are often cited by supporters that 

the dopamine hypothesis is potentially involved. This includes genes that regulate dopamine 

receptors, such as DRD4 and DRD5 and transporters (DAT1). However, as shown before, human 

genome studies have not shown a consistent involvement of these genes (Franke et al., 2009) but 

other research has implicated these genes.
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As mentioned previously, variations in the dopamine transporter gene DAT1 have been 

associated with ADHD. Specificially, 9 & 10 repeats (9R & 10R) in the 3'-untranslated region, or 

3'-UTR, region of the gene have been associated with ADHD. In vitro studies measuring the 

expression levels of non-human primate DAT1 has shown that the 9R variant results in greater 

expression of DAT1, which, as mentioned, would decrease the effective concentration of 

dopamine in the synaptic cleft. 

There is currently conflicting research as to whether the 9R (Miller & Madras, 2002) or 10R 

allele (Mill, Asherton, Browes, D'Souza & Craig, 2002; Fuke et al., 2001) of this gene results in 

greater expression of DAT. Thus, both allelic variations will be examined in relation to ADHD.

DAT1: 3'-UTR-9R

Functional genomics of the DAT transporter gene DAT1, has shown that the 9R allele 

corresponded with increased DAT binding in the caudate in healthy controls and ADHD patients 

(Spencer et al., 2012). Similar to increased expression of DAT, this would theoretically decrease 

the effective extracellular concentration of dopamine. ADHD status had an additive effect (along 

with 3' UTR polymorphisms) on DAT binding, suggesting other factors contributing to the 

ADHD phenotype contribute to this effect (Spencer et al., 2012).  Since the authors found this 

polymorphism to be equally expressed between controls and ADHD patients, it makes sense it 

wouldn't appear significant in genome wide analysis (Spencer et al., 2012). This suggests that 

although the gene may be implicated in the pathology of ADHD it's involvement is dependent on 

other factors. However, this study may be somewhat biased, as the laboratory where it was 

performed reported receiving funding from pharmaceutical companies that make ADHD 

medications including Shire pharmaceuticals (who make a dextroamphetamine formulation, 
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Vyvanse®), Novartis hatpharmaceuticals (makes methylphenidate, Ritalin®) and Ortho-McNeil 

Pharmaceuticals (produces concerta or dextromethylphenidate, a methylphenidate analogue also 

used to treat ADHD). Thus, the possibility can not be eliminated that these companies intended to 

influence the results of these studies because, as stated by Francois: “the dopamine-deficit theory 

is that it gives scientific credence to a view that favors psychostimulant medication over other 

medical, psychological and social approaches to ADHD treatment” (Francois, 2009). He believes 

this is because simple dopamine theories  pose a model of ADHD as the result of a simple 

neurochemical deficiency that can be corrected by medications, especially stimulants.

DAT1: 3'-UTR 10R allele

During tests of response inhibition (a go-no go task), functional magnetic resonance 

imaging, or fMRI was used to demonstrate individuals with two copies of this allelle (regardless 

of ADHD diagnosis) showed increased activation in frontal, medial, and parietal areas which 

indicates that inhibition is more effortful in these individuals. In addition, this group 

demonstrated reduced activation of the parahippocampal gyrus in response to error, suggesting 

this group may not be as sensitive to learning from previous errors. There were also areas that 

showed an additive effect dependent on ADHD status including decreased activation of parietal 

and prefrontal regions during tests of response inhibition as well as decreased frontal and medial 

regions in response to errors (Braet et al., 2011). This suggests that not only does DAT1 influence 

neurophysiological function alone, but it has an additive effect with ADHD status. This suggests 

that DAT1 acts along with another factor to cause the ADHD phenotype. 
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Criticism of Dopamine Theory

In his review, The dopaminergic hypothesis of attention-deficit/hyperactivity disorder 

needs re-examining, Francois also points out that the effectiveness of norepinephrine transporter 

inhibitors (ie, atomoxetine) is not explained by a simple dopamine hypothesis (Francois, 2009). 

However, atomoxetine has been found to increase extracellular norepinephrine as well as 

dopamine in the PFC of the rat brain, so it may exert its therapeutic effects in this way (Bymaster, 

2002). Also, studies have found methylphenidate to increase vigilance and test performance in 

healthy subjects, indicating that the medication does more than just correct an underlying deficit 

(Camp-Bruno & Herting, 1994; Peloquin, 1986). 

In the afformentioned review, Francois questions the relevance of the dopaminergic 

theory. His main arguments suggest that a number of non-dopamine neurons respond to reward. 

Also, he cites a study of non-human primate studies demonstrating that dopamine neurons fire in 

response to reward but its delay of activation suggests that it does not play a role in decision 

making. In addition, he notes “In the prefrontal cortex, the phasic release of dopamine does not 

serve to transmit a temporally precise signal but might modulate the network activity on 

timescales of seconds to tens of minutes. Therefore, ‘it is unlikely that dopamine is in series 

between a stimulus and a response and that it mediates stimulus-response coupling’” (Francois, 

2009). This could be explained in an unified theory of dopamine and norepinephrine.
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Norepinephrine: Forming a United Catecholamine Theory

According to the theory of Tripp & Wickens, stimulant medications function by 

correcting this dopamine dysfunction by binding to DAT, thus inhibiting reuptake of dopamine; 

dopamine can continue to bind to the receptor without being transported out of the cell and thus 

the synaptic concentration increases (Tripp & Wickens, 2009). This theory is supported the work 

of Volkow et al., who, once again using PET to measure [11C]raclopride binding, demonstrated 

that concentrations of dopamine in the striatum increase after administration of methylphenidate. 

As mentioned, it does seem that dopamine is not the only catecholamine affected by 

pharmacological interventions, though. In addition to DAT, both methylphenidate and d-

amphetamine bind to norepinephrine transporters. D-amphetamine also stimulates the release of 

both neurotransmitters (Steven, 2005). In fact, in animal studies methylphenidate has been found 

to bind to norepinephrine transporters even more favorably than dopamine transporters 

(Hannestad et al., 2010), implicating dysfunctions involving norepinephrine as well. The situation 

is further complicated by the fact that norepinephrine transporters also clear dopamine from the 

synapse (Madras, Miller & Fischman, 2005).

Atomoxetine, a selective norepinephrine reuptake inhibitor, has been reported to be a safe 

and effective treatment for ADHD (Adler, 2005). Most studies report less therapeutic effect than 

for stimulant medications, a significant portion of patients who do not respond to stimulants 

respond effectively to atomoxetine (Newcorn, 2008) and some studies have even shown the 

therapeutic responses to be comparable (Hanwella, Senanayake, & de Silva, 2011). One study 

(Bymaster, 2002) compared the effects of stimulant medications (methylphenidate and 

dextroamphetamine) and atomoxetine on extracellular dopamine and norepinephrine levels in 

different brain areas in the rat. They found that while both stimulants and atomoxetine increased 
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norepinephrine in the PFC, only stimulants increased dopamine in the striatum and nucleus 

accumbens while both types of medication increased dopamine in the PFC (Bymaster, 2002). 

Such evidence suggests that these medications might exert their effects via both dopamine and 

norepinephrine. 

α2A receptors are one of the major receptors for norepinephrine in the prefrontal cortex. 

One model, based on research on the PFC of non-human primates, suggests that dopamine 

decreases “noise” through stimulation of D1 receptors and norepinephrine increases signal 

intensity by stimulation of α2A receptors. When α2A receptors were blockaded, the animals 

displayed symptoms of ADHD including hyperactivity and impulsivity (Arnsten, 2006). This, 

along with the fact that in 2009 the FDA approved the first α2A agonist for the treatment of 

ADHD (Cinnamon Bidwell, 2010), suggest that these receptors are implicated in the 

pathophysiology of ADHD. 

As stated previously, stimulant medications bind to both dopamine and norepinephrine 

transporters and amphetamine stimulates release of them as well. Thus, from the actions of both 

the current stimulant and non-stimulant medications, it can be seen that both dopamine and 

norepinephrine may play a role in the disorder. One combined theory based on non-human 

primate models implicates both catecholamines: “Recent electrophysiologic studies in animals 

suggest that norepinephrine enhances ‘signals’ through postsynaptic α2A-adrenoceptors in PFC, 

while dopamine decreases ‘noise’ through modest levels of D1-receptor stimulation.” As they 

also note, blockade of norepinephrine causes symptoms of ADHD such as inattention and 

impulsiveness in these subjects (Arnsten, 2006). Work from the same researcher also suggests 

that both stimulant and non-stimulant medications may exert their effects through these receptors, 

but further work is needed to confirm these findings (Arnsten, 2011). Interestingly, both 

http://ukpmc.ac.uk/abstract/MED/16961424/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A18243
http://ukpmc.ac.uk/abstract/MED/16961424/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=PFC&sort=score
http://ukpmc.ac.uk/abstract/MED/16961424/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=alpha2A-adrenoceptors&sort=score
http://ukpmc.ac.uk/abstract/MED/16961424/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A18357,33569
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guanfacine and atomoxetine are frequently coadministered with amphetamines and 

methylphenidate and frequently success is achieved with medicines in combination when 

response to either individually is poor. This suggests that differering actions of these medications 

may be the cause of their increased effect when administered in combination and supports the 

combined catecholamine theory. Further work comparing the neurochemical effects of 

atomoxetine and guanfacine, especially in the striatum and prefonrtal cortex, seems like the 

logical next step to determining the common therapeutic effects of these medications.
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Debate/Controversy

ADHD as diagnosis

The ADHD debate is a very hot topic in the academic and the medical community. In The 

ADHD Debate and the Philosophy of Truth, Tait questions that validity of ADHD as a disorder. 

He suggests that the idea of ADHD exists only within a social framework and is the product of 

“social governance.” (Tait, 2005).

Safety/Efficacy of Stimulant Medications

There is also debate regarding the safety and efficacy of current pharmacology, 

particularly stimulant medications. As stated earlier, methylphenidate has been shown to boost 

vigilance and focus in non-ADHD patients as much as in ADHD patients(Camp-Bruno & 

Herting, 1994; Peloquin, 1986) and this has been cited as an argument that stimulant medications 

do more than just fix an underlying disorder. 

However, some research has shown that stimulant medications do have beneficial effects 

such as a protective effect of on cerebellum volume (Castellanos et al., 2002). Also, a recent study 

using fMRI showed that methylphenidate normalized activity in various circuits including fronto-

striatal and fronto-cerebellar in ADHD patients but not controls. Therefore, using neuroimaging, 

this research demonstrates a differing effect on ADHD and non-ADHD patients (Rubia et al., 

2009).

Long term studies have shown conflicting results regarding the effectiveness of these 

medications. In his review, Francois addresses one long term study claiming that medicated 

ADHD children demonstrate improvement in reading skills. He notes that there was little 

differences of effect in dropout rates and reading-test performance between medicated vs. non-
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medicated children, indicating that the drugs may not necessarily provide a better long term 

outcome (Francois, 2009). 

Perhaps more important than questions regarding the effectiveness of these medications 

are possible health complications. While modern reviews have generally quelled fears that 

stimulant medications are associated with increased risk of cardiac problems in children and 

adults without history of cardiac disease (Kratochvil, 2012). However, some research appears to 

suggest a small but increased risk of sudden death in those treated with stimulant medications. 

This risk is very low though, and thus the therapeutic benefits of treatment appear to outweigh 

this risk (Knight, 2007). Such benefits include but are by no means limited to improved driving 

performance in young adults, as represented by fewer accidents and improved reaction time 

(Biederman et al., 2012).
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Conclusions

Since the first concepts of minimal brain damage, conceptualization of attention disorders 

have changed considerably. Although we no longer use the terms “minimal brain damage” and 

“minimal brain dysfunction” as umbrella terms for behavioral disorders, these concepts have been 

important in shaping our modern view of ADHD. Recent neuroimaging has shown volumetric 

and functional differences in the brain, suggesting that minimal brain dysfunction may be more 

valid of an idea than previously thought.

Despite its history, here is a heavy debate surrounding the validity of ADHD as a disorder 

and around the current medications. To narrow the link between psychology and biology, the 

concept of an endophenotype, or a phenotype that is closer to the genetic etiology of the disorder 

than the all ADHD symptoms as whole, has been proposed to simplify the search for links 

between phenotypnes and biological etiology (neuroscience/genetics), and results have been 

promising. Further research using twins and more quantifiable deficits may help provide more 

solid data.

Neuroimaging suggests that ADHD is associated with dysfunctions in particular brain 

circuits, including the fronto-striatal circuit and the fronto-cerebellar circuits. Dopamine 

innervates highly in the prefrontal cortex and striatum (Tripp & Wickens, 2009) and 

norepinephrine innervates highly at the prefrontal cortex (Tripp & Wickens, 2009) and 

cerebellum; norepinephrine connectivity in the cerebellum has even been associated with learning 

(Cartford, Gould, & Bickford, 2004). Thus, abnormalities of catecholamine systems may be the 

source of dysfunctional neural circuits associated with the pathophysiology of ADHD.



Historical and modern conceptualization of ADHD 48 

APPENDIX

Diagnostic and Statistical Mantual of Mental Disorders (DSM-IV) Criteria for ADHD
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		Also of interest to the study of ADHD is the story of Johnny Look-in-the-air, added to the 5th edition of  Struwwelpeter published in 1847. In the story, Johnny shows signs of inattention as he is always “looking at the sky and the clouds that floated by”. This leads Johnny to absentmindedly fall into a river (Hoffman, 2012).
	The ADHD debate is a very hot topic in the academic and the medical community. In The ADHD Debate and the Philosophy of Truth, Tait questions that validity of ADHD as a disorder. He suggests that the idea of ADHD exists only within a social framework and is the product of “social governance.” (Tait, 2005).
	There is also debate regarding the safety and efficacy of current pharmacology, particularly stimulant medications. As stated earlier, methylphenidate has been shown to boost vigilance and focus in non-ADHD patients as much as in ADHD patients(Camp-Bruno & Herting, 1994; Peloquin, 1986) and this has been cited as an argument that stimulant medications do more than just fix an underlying disorder. 
		However, some research has shown that stimulant medications do have beneficial effects such as a protective effect of on cerebellum volume (Castellanos et al., 2002). Also, a recent study using fMRI showed that methylphenidate normalized activity in various circuits including fronto-striatal and fronto-cerebellar in ADHD patients but not controls. Therefore, using neuroimaging, this research demonstrates a differing effect on ADHD and non-ADHD patients (Rubia et al., 2009).
		Long term studies have shown conflicting results regarding the effectiveness of these medications. In his review, Francois addresses one long term study claiming that medicated ADHD children demonstrate improvement in reading skills. He notes that there was little differences of effect in dropout rates and reading-test performance between medicated vs. non-medicated children, indicating that the drugs may not necessarily provide a better long term outcome (Francois, 2009). 
	Despite its history, here is a heavy debate surrounding the validity of ADHD as a disorder and around the current medications. To narrow the link between psychology and biology, the concept of an endophenotype, or a phenotype that is closer to the genetic etiology of the disorder than the all ADHD symptoms as whole, has been proposed to simplify the search for links between phenotypnes and biological etiology (neuroscience/genetics), and results have been promising. Further research using twins and more quantifiable deficits may help provide more solid data.
	Neuroimaging suggests that ADHD is associated with dysfunctions in particular brain circuits, including the fronto-striatal circuit and the fronto-cerebellar circuits. Dopamine innervates highly in the prefrontal cortex and striatum (Tripp & Wickens, 2009) and norepinephrine innervates highly at the prefrontal cortex (Tripp & Wickens, 2009) and cerebellum; norepinephrine connectivity in the cerebellum has even been associated with learning (Cartford, Gould, & Bickford, 2004). Thus, abnormalities of catecholamine systems may be the source of dysfunctional neural circuits associated with the pathophysiology of ADHD.

