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Abstract

Despite considerable research, the validity of attention-deficit/hyperactivity disorder (ADHD) remains controversial. This paper

summarizes the results of a comprehensive review of the internal and external validity of ADHD as defined in the fourth edition of the

Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). Results indicate that for most individuals DSM-IV ADHD is a valid

disorder in the sense that it is associated with significant impairment in social, academic, and occupational functioning and increased risk of

accidental injury across the life span. Additional research is needed, however, to clarify the diagnostic validity of the hyperactive-impulsive

type and the discriminant validity of the combined and inattentive subtypes. Other areas in need of further study include potential

modifications to the diagnostic conceptualization of the inattentive subtype, developmental trajectories of the subtypes, and methods to

address cross-informant diagnostic inconsistencies. Such research is likely to benefit from an etiologically informed approach to examining

heterogeneity both across and within subtypes.
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1. Introduction

Despite considerable research, there is continuing

controversy regarding the nature and validity of the

syndrome termed attention-deficit/hyperactivity disorder

(ADHD) in the fourth edition of the Diagnostic and

Statistical Manual of Mental Disorders (DSM-IV; [1]).

Although substantial evidence has accumulated to support

the diagnostic validity of ADHD (e.g. [2–4]), some argue

that ADHD symptoms may simply describe the exuberant

behavior of normal children (e.g. [5]). Others accept that

some children with ADHD have a valid disorder, but

contend that weaknesses in the current diagnostic criteria

cause some children to be diagnosed inappropriately (e.g.

[6]).

Interpretation of studies of the validity of ADHD is

further complicated by changes to the diagnostic criteria for

ADHD in each successive edition of the DSM (see [4] for a

summary of the implications of these changes). The

diagnostic criteria for DSM-IV ADHD incorporated
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separate lists of nine symptoms of inattention and nine

symptoms of hyperactivity-impulsivity, and defined three

diagnostic subtypes based on differential elevations on these

symptom dimensions ([1,7]). The predominantly inattentive

type describes individuals with maladaptive levels of

inattention only, the predominantly hyperactive-impulsive

type is characterized by maladaptive levels of hyperactivity-

impulsivity alone, and the combined type describes

individuals with maladaptive levels of both inattention

and hyperactivity-impulsivity.

Due to the continuing controversy regarding the validity

of ADHD, we recently completed a comprehensive meta-

analysis of 114 published studies of DSM-IV ADHD to

evaluate the internal and external validity of the DSM-IV

ADHD symptom dimensions and subtypes [118]. Space

constraints for this special issue preclude a comprehensive

review of these studies. Therefore, in this paper, we first

describe the criteria a disorder must meet to be considered

valid, and then summarize the key findings from the meta-

analysis in the text and in Figs. 1 and 2. In a final section, we

examine the implications of these results for the DSM-IV

model of ADHD and highlight several keys remaining

questions regarding the validity and nosology of ADHD.
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Fig. 1. Performance of groups with DSM-IV ADHD on measures of functional impairment and Neurocognitive functioning. Effect sizes are based on a meta-

analysis of all published studies of DSM-IV ADHD [118]. An effect size was calculated for each measure in each study based on Cohen’s d: (ADHD M—

Comparison M)/pooled SD [113]. Effect sizes presented in the figure are the mean effect size across all studies weighted by the sample size in each study

([121]). All scores are scaled so that a positive effect size indicates greater impairment in the ADHD group regardless of the original scaling of the measure.
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2. Validity of mental disorders

As described in more detail elsewhere in this special

issue [8], the criteria, which must be met for a mental

disorder to be considered valid, have been the focus of

considerable discussion (e.g. [4,8–14]). These authors have

considered an extensive range of important issues, including

the role of theory in the development of diagnostic criteria

(e.g. [10]), the utility of a dimensional versus categorical

conceptualization of mental disorders (e.g. [14]), the extent

to which the definition of a mental disorder is influenced by

social values (e.g. [12]), and the potential usefulness of

evolutionary theory to identify mental processes that have

gone awry ([13]).
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Fig. 2. Rates of comorbidity in children with the DSM-IV ADHD subtypes. Rate

published studies [118]. Different letters indicate significant differences between
A comprehensive description of all facets of this debate

is beyond the scope of the current paper. More focally, in

this review we examine the evidence for what we have

termed the diagnostic validity of ADHD. Diagnostic

validity hinges on a straightforward question: do the

symptoms of ADHD impair an individual’s functioning

sufficiently to warrant treatment? In addition, it must be

demonstrated that the disorder can be measured reliably and

distinguished consistently from other related disorders.

After the diagnostic validity of a disorder has been

established, it then becomes possible to examine more

complex aspects of validity such as etiology, underlying

pathophysiology, and the other complex issues described

above. In the remainder of this introductory section, we
ression Anxiety Bipolar

Comparison

Inattentive Type

Hyp-Imp Type

Combined Type

b b

b
aa

b

a

b

cb

s of comorbidity represent prevalence when samples are pooled across all

groups in the pooled sample (P!.05).



E.G. Willcutt, C.L. Carlson / Clinical Neuroscience Research 5 (2005) 219–232 221
describe in more detail the three key facets of diagnostic

validity that we review in this paper.

2.1. Internal validity

Studies of all aspects of a disorder are constrained by the

reliability of the symptoms and diagnosis. Therefore, before

testing the external validity of ADHD, the DSM-IV

symptom dimensions and subtypes must be shown to be

reliable and internally consistent. Studies have evaluated the

internal validity of ADHD by using factor analysis to test

statistically whether the DSM-IV model best describes

symptoms of ADHD, and by examining the inter-rater and

test–retest reliability of the symptom dimension and

subtypes.

2.2. Criterion validity

Criterion validity refers to a significant relation between

a construct and an independent external criterion (e.g. [9]).

For a mental disorder, the relation between the symptoms of

the disorder and consequent functional impairment is the

most essential criterion to verify that the disorder is valid

and warrants treatment. Criterion validity can be subdivided

into concurrent and predictive validity. Concurrent validity

refers to a significant association between symptoms of the

disorder and functional impairment at a single point in time.

Predictive validity is similar to concurrent validity except

that symptoms of the disorder are used to predict future

negative outcomes. One recent study reported short-term

predictive validity for the DSM-IV symptom dimensions

and subtypes over a period of 3 years in early childhood

([15]), but no studies have examined the long-term

predictive validity of DSM-IV ADHD into adolescence

and adulthood. Therefore, in this review we focus on the

concurrent validity of DSM-IV ADHD.

2.2.1. Dimensional versus categorical analyses

Most studies of the concurrent validity of DSM-IV

ADHD compared the means of groups with and without the

DSM-IV ADHD subtypes on dimensional measures of

functional impairment. Comparisons of group means are

more statistically powerful than categorical comparisons of

the proportion of individuals with significant impairment,

but the implications of a significant mean difference

between groups with and without ADHD must be

interpreted with caution ([16]). For example, if a compari-

son of groups with and without ADHD reveals a significant

mean difference with a moderate effect size, this could

indicate a moderate difference between most individuals in

the two groups. On the other hand, a moderate effect could

reflect a large difference that is only present in a subset of

the group with ADHD, with the remainder of the ADHD

sample exhibiting no impairment in relation to the

comparison group. Therefore, in addition to comparisons

of group means on measures of functional impairment, to
assess fully the concurrent validity of ADHD it is also

essential to test what proportion of individuals with each

ADHD subtype are significantly impaired.

2.3. Discriminant validity

Finally, the discriminant validity of a disorder must be

demonstrated by showing that it can be distinguished from

other disorders by differential associations with important

external variables. Two facets of discriminant validity are

critical for DSM-IV ADHD. First, the symptom dimensions

and subtypes must be shown to be distinguishable from

other disorders. Second, the DSM-IV symptom dimensions

and subtypes must also have discriminant validity from one

another to justify their inclusion in the diagnostic criteria for

ADHD. In the absence of clear evidence of discriminant

validity between the DSM-IV symptom dimensions and

subtypes, it would be more parsimonious to define ADHD

based on a single symptom dimension without diagnostic

subtypes.
3. Internal validity of DSM-IV ADHD

3.1. Factor analyses

Exploratory and confirmatory factor analyses of parent

and teacher ratings in 16 independent samples of over 15,

000 children and adolescents consistently support the DSM-

IV model incorporating separate inattention and hyper-

activity-impulsivity symptom dimensions (e.g. [17,18];

reviewed by [118]. All 18 DSM-IV ADHD symptoms

loaded on their predicted factors in virtually all studies.

Moreover, several studies found that the DSM-IV inatten-

tion and hyperactivity-impulsivity factors emerged even

when symptoms of oppositional defiant disorder, conduct

disorder, and several internalizing disorders were also

included in the model, providing initial support for the

discriminant validity of ADHD (e.g. [18,19]).

3.2. Reliability

3.2.1. Internal consistency and temporal stability

Parent and teacher ratings of ADHD symptoms have high

internal consistency (aZ.88–.94) and moderate to high

test–retest reliability over periods ranging from 2 weeks to 2

years (mean rZ.69; e.g. [17,20–22]a, [23]). Similarly, the

few studies that have been conducted support the test–retest

reliability of the overall diagnosis of ADHD, such that

children who meet criteria for DSM-IV ADHD at one time

point tend to continue to meet criteria for ADHD at later

assessments (e.g. [15]). In contrast to the results for the

overall diagnosis, however, preliminary evidence suggests

that the DSM-IV subtype classifications may be less stable.

Although test–retest reliability is adequate for all subtypes

in parent interviews conducted 1 week apart ([24–26]), early
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results from one of the first longitudinal studies of the DSM-

IV ADHD subtypes suggest that children often shift from

one subtype to another over time ([27]). We return to this

issue in more detail when we discuss the developmental

trajectories of the DSM-IV subtypes in a later section.

3.2.2. Inter-rater reliability

Whereas test–retest reliability of the DSM-IV symptom

dimensions is adequate when the symptoms are rated by a

single individual, correlations between parent and teacher

ratings are low to moderate (mean rZ.42; e.g. [17,20,21,

28–30]). Similarly, the rate of agreement between parents

and teachers is moderate for the overall diagnosis of DSM-

IV ADHD (47% across studies) and low for the specific

DSM-IV subtypes (11.5–40% agreement; [20,30–32]).

These modest levels of inter-rater agreement indicate that

parent and teacher ratings identify partly independent

samples of children and that even when parents and teachers

agree that a child meets criteria for ADHD their ratings

often place the child in different subtype groups. Some

differences between parent and teacher ratings are undoubt-

edly due to measurement error, but these differences may

also reflect meaningful differences in behavior across

settings, differences in the threshold at which a behavior

is identified as atypical, and other individual differences

among raters (e.g. [2]).

3.3. Conclusions regarding the internal validity

of DSM-IV ADHD

Factor analytic studies clearly support the two-dimension

model of ADHD described in DSM-IV, and available data

suggest that the DSM-IV ADHD symptom dimensions and

subtypes have adequate short-term reliability when rated by

a single adult. In contrast, additional research is sorely

needed to evaluate the temporal stability of the DSM-IV

subtypes and the implications of the modest agreement

between ratings by different observers.
4. Concurrent validity

4.1. DSM-IV symptom dimensions

In the DSM-IV field trials for the disruptive behavior

disorders ([33]), regression analyses were conducted to

assess the associations between DSM-IV inattentive and

hyperactive-impulsive symptoms and several indices of

functional impairment, controlling for symptoms of opposi-

tional defiant disorder (ODD), conduct disorder (CD),

anxiety disorders, and depressive disorders. The number

of inattentive behaviors was not related to ratings of global

adaptive functioning completed by the child’s parent or the

interviewer, but was significantly associated with parent

ratings of homework problems and teacher ratings of

schoolwork problems. In contrast, the number of
hyperactivity-impulsivity symptoms was associated with

lower ratings of global adaptive functioning, but was not

significantly associated with ratings of academic difficulties.

Subsequent community studies found that both symptoms of

inattention and symptoms of hyperactivity-impulsivity were

associated with significant academic impairment, but

these studies confirmed that this relation was stronger

for inattention than hyperactivity-impulsivity (e.g.

[17,30,34,35]).

More extensive multiple regression analyses were

conducted to examine the impairments associated with the

DSM-IV symptom dimensions in a sample of 4–6 years old

children with and without DSM-IV ADHD ([36]). In

addition to controlling for symptoms of other types of

psychopathology, these analyses controlled family income,

intelligence, and ethnicity to determine if the association

between ADHD symptoms and functional impairment was

independent of these factors. Both ADHD dimensions were

associated with lower teacher ratings of prosocial behavior

and higher interviewer ratings of global impairment.

Inattention symptoms were independently associated with

parent ratings of global impairment, child self-report ratings

of friendship difficulties, teacher ratings of shyness, with-

drawal, and lack of cooperation, and lower scores on

standardized tests of mathematics achievement. In contrast,

hyperactivity-impulsivity symptoms were uniquely associ-

ated with accidental injuries, peer rejection, and poor self-

control. These studies convincingly demonstrate that DSM-

IV inattention and hyperactivity-impulsivity symptoms are

associated with multiple aspects of functional impairment

when potential confounding variables are controlled,

providing support for the concurrent validity of the

symptom dimensions.

4.2. DSM-IV subtypes

4.2.1. Global functioning

Children with each DSM-IV ADHD subtype received

lower ratings than children without ADHD on measures of

global adaptive functioning in studies that controlled a wide

range of potential confounding variables (e.g. [33,36,37]),

as well as several studies in which fewer of these variables

were controlled (e.g. [38,39]). Similarly, categorical

analyses revealed that most children with each subtype

exhibited significant global impairment based on parent

ratings (combined typeZ98%; inattentive typeZ89%;

hyperactive-impulsive typeZ71%; e.g. [37,39]).

4.2.2. Accidental injuries

Several studies using previous definitions of ADHD

found that ADHD is associated with an increased frequency

of accidental poisonings, other accidental injuries, and

higher ratings of accident proneness by parents [40–43]. The

only published study of unintentional injuries sustained by

children with DSM-IV ADHD, found that preschool

children with the combined and hyperactive-impulsive



E.G. Willcutt, C.L. Carlson / Clinical Neuroscience Research 5 (2005) 219–232 223
types were significantly more likely than children without

ADHD to sustain an injury requiring care from a physician

[36]. Moreover, the difference in the frequency of accidents

remained significant when symptoms of other disruptive

disorders, intelligence, academic achievement, and other

potentially confounding variables were controlled. There-

fore, although comorbid conduct problems are also

associated with increased risk for accidental injuries (e.g.

[44,45]), these data suggest that the DSM-IV combined and

hyperactive-impulsive types are associated independently

with this key facet of functional impairment.

4.2.3. Social functioning

Peer relationships of children with the inattentive and

combined types are clearly impaired in comparison to those

of children without ADHD (Fig. 1; e.g. [33,36,46,47];

reviewed by [118]. In comparison to children who did not

meet criteria for ADHD, mothers and teachers reported that

children with the inattentive and combined types were less

socially skilled, had fewer friends, and were less often liked

and more often actively disliked by peers. Several studies

demonstrated that these social difficulties are not explained

by group differences in age, comorbid disruptive disorders,

intelligence, or academic achievement ([36,37,46]). Categ-

orical analyses revealed that the majority of children in each

group exhibited significant social impairment (74% of the

combined type and 61% of the inattentive type), although it

is also important to note that a nontrivial subset of

individuals in each group did not exhibit significant social

difficulties based on ratings by parents or teachers ([48]a;

[37,39]).

Studies of the social impairments associated with the

hyperactive-impulsive type are less consistent. Some

studies reported that in comparison to individuals without

ADHD, individuals with the hyperactive-impulsive type

scored lower on measures of global social functioning, were

less likely to be liked by peers, and were more often actively

disliked (Fig. 1; e.g. [48]a; [36]). In contrast, several other

studies did not find a significant difference between the

comparison and hyperactive-impulsive groups on measures

of social functioning (e.g. [33,49]), and only 38% of the

children in the hyperactive-impulsive group exhibited

significant social impairment ([48]a; [39]). These incon-

sistencies suggest that additional research is needed to

clarify the profile of social impairment associated with the

hyperactive-impulsive type.

4.2.4. Academic functioning

In comparison to groups without ADHD, the combined

type and inattentive type are associated with significant

impairment on numerous measures of academic function-

ing (Fig. 1), and studies that controlled a variety of

potential confounding variables suggest that these aca-

demic weaknesses are not explained by group differences

in comorbid externalizing symptoms, intelligence, sex,

age, or socioeconomic status (e.g. [36,37,46,50]b).
Moreover, categorical analyses indicate that 81% of

children with the inattentive type and 79% of children

with the combined type exhibit significant academic

impairment (e.g. [19,37,39]).

In contrast to the results for the inattentive and combined

types, the mean of the hyperactive-impulsive type was

significantly different from the mean of a control group

without ADHD on only one of 21 measures of academic

functioning administered in previous studies (e.g. [32,33,36,

38,51]a). The average effect size across studies was small

and not significantly different from zero (mean dZ0.14;

Fig. 1), and less than 25% of the children with the

hyperactive-impulsive type exhibited significant academic

impairment (e.g. [19,39,52]).

4.2.5. Neurocognitive correlates

Although neurocognitive tasks do not assess functional

impairment per se, weaknesses on these measures provide

another important external criterion to test the concurrent

validity of ADHD. Studies which controlled for group

differences in intelligence, academic achievement, and

comorbid mental disorders found that the combined and

inattentive types exhibited significant weakness on

measures of response inhibition and other executive

functions, processing speed, and motor functioning even

when all or most of these potential confounding variables

are controlled (Fig. 1; e.g. [53–55]a; see reviews by

[50,56,57]a). In contrast, similar to the results on measures

of academic impairment, the hyperactive-impulsive type

was associated with a significant group deficit on only one

of 18 neurocognitive tasks, and the mean effect size across

studies was small and nonsignificant (mean dZ.12; Fig. 1).

4.3. Conclusions regarding the concurrent validity

of DSM-IV ADHD

Existing data clearly support the concurrent validity of

the DSM-IV ADHD symptom dimensions. Both symptom

dimensions are associated with multiple aspects of global

and social impairment. Inattention symptoms are also

significantly correlated with a variety of academic and

neurocognitive weaknesses, and hyperactive-impulsive

symptoms are associated with higher rates of accidental

injuries. Previous studies also support the concurrent

validity of the DSM-IV combined and inattentive types.

Both subtypes are associated with significant impairment in

nearly all domains of functioning, and these impairments are

not explained by comorbid mental disorders, low intelli-

gence, or other potential confounding variables (e.g. [36]).

In contrast, the concurrent validity of the hyperactive-

impulsive type is less clear. Very few studies reported

significant academic or neurocognitive weaknesses in

groups with the hyperactive-impulsive type, and less than

half of the individuals in the hyperactive-impulsive group

exhibited significant social impairment. These results

indicate that additional research is needed to test more
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definitively whether the DSM-IV hyperactive-impulsive

type is a valid diagnosis.
5. Discriminant validity

5.1. Gender ratio

More boys than girls met symptom criteria for DSM-IV

ADHD in all population-based samples (mean male: female

ratioZ2.7: 1; [118]). In all but one of these studies, the male

to female ratio was lower for the inattentive type than the

combined type (and the hyperactive-impulsive type in some

cases). Due to the relatively small samples in many of these

studies, however, the difference in gender ratios was often

not statistically significant. To obtain adequate statistical

power to test more definitively for gender differences in the

frequency of the subtypes, we pooled results from all

population-based samples separately for parent and teacher

ratings. Among all individuals who met symptom criteria

for any subtype of ADHD, a significantly larger proportion

of females than males met criteria for the inattentive type

than one of the other two subtypes based on both parents

ratings (53 versus 45%) and teacher ratings (61 versus

50%). In contrast, males with ADHD were more likely than

females with ADHD to meet criteria for the combined type

based on both parent (34 versus 26%) and teacher ratings

(31 versus 26%). Similar gender differences are also

apparent in clinic-referred samples; females with ADHD

were more likely than males with ADHD to meet criteria for

the inattentive type (39 versus 30%), whereas males with

ADHD were more likely than females to meet criteria for

the combined type (60 versus 53%).

These results suggest that a higher proportion of females

with ADHD than males with ADHD meet criteria for the

inattentive type. However, although this difference is

significant in the large sample obtained by pooling across

studies, the gender differences are relatively small in

magnitude. Therefore, although these results provide

tentative support for the discriminant validity of the DSM-

IV ADHD subtypes, it is also important to note that the ratio

of the subtypes is more similar than different in males and

females with DSM-IV ADHD.

5.2. Developmental trajectory

5.2.1. Symptom dimensions

A potentially strong source of support for the discrimi-

nant validity of DSM-IV inattention and hyperactivity-

impulsivity is provided by emerging evidence that the two

symptom dimensions may follow somewhat different

developmental trajectories. A first source of information

about this topic is provided by studies that examined age-

related changes in the mean number of symptoms of

inattention and hyperactivity-impulsivity exhibited by

youth in cross-sectional population-based samples. These
studies found no significant age differences in teacher

ratings of DSM-IV inattention between preschool and 18

years of age, whereas the mean number of DSM-IV

hyperactivity-impulsivity symptoms was significantly

lower in adolescence than childhood [31,58]. Similarly,

although parent ratings of both hyperactivity-impulsivity

and inattention declined with increasing age, symptoms of

hyperactivity-impulsivity declined more steeply than

symptoms of inattention ([17,59], [28,60]).

A second aspect of developmental course is reflected in

age-related changes in symptoms exhibited by youth who

met criteria for ADHD during childhood. In a prospective

longitudinal study of children first diagnosed with DSM-

IV ADHD in preschool, [27] found that symptoms of

hyperactivity-impulsivity declined significantly across the

first 8 years of the study, whereas symptoms of inattention

did not. This result is consistent with results of

prospective longitudinal studies of DSM-III-R ADHD

([61,62]).

Although additional longitudinal data are needed that

track children with DSM-IV ADHD into later adolescence

and adulthood, available data suggest that the number of

hyperactivity-impulsivity symptoms declines substantially

from early childhood through adolescence, whereas inatten-

tion declines less with age. If future longitudinal studies

confirm these differences in developmental course, this

would support the distinction between inattention and

hyperactivity-impulsivity in DSM-IV. In fact, such a result

would mean that it would be impossible to describe the

developmental course of ADHD without distinguishing

between inattention and hyperactivity-impulsivity

symptoms.

5.2.2. Subtypes

Because complete longitudinal datasets are not yet

available from studies that have been initiated to study

age-related changes in the DSM-IV subtypes (e.g. [36]),

cross-sectional prevalence data can be examined to obtain

preliminary information regarding the developmental

trajectory of the subtypes. Studies of both clinic-referred

and community samples suggest that the overall proportion

of children meeting symptom criteria for any subtype of

ADHD decreases with age, but that this decrease in

prevalence differs by subtype (e.g. [17,63]). Consistent

with the age-related changes in the symptom dimensions

described previously, a higher proportion of children with

DSM-IV ADHD in preschool met criteria for the combined

or hyperactive-impulsive types than in samples ascertained

during childhood or adolescence. In contrast, a higher

proportion of adolescents met symptom criteria for the

inattentive type.

At least two possible explanations could account for the

pattern of results observed in cross-sectional studies of the

prevalence of the DSM-IV ADHD subtypes. The first

explanation would suggest that the developmental trajec-

tories of the three subtypes are distinct, and that each
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subtype has a different age of onset and prognosis. For

example, the hyperactive-impulsive type could be a distinct

subtype with an earlier onset and better long-term prognosis

than the other subtypes, leading to a lower prevalence in

samples of adolescents with ADHD. In contrast, the

inattentive type might only begin to impair functioning

significantly when children encounter more complex

academic tasks that challenge their attentional capacity in

late childhood or adolescence. If future studies reveal results

consistent with these predictions, the discriminant validity

of the DSM-IV model will be supported.

On the other hand, these findings may indicate that at

least a subset of individuals shift from one subtype to

another in a systematic way over time. For example, several

authors have suggested that when the hyperactive-impulsive

type is identified in preschool children it may be a

developmental precursor to the combined type ([2,36]),

and this hypothesis has received support from initial

longitudinal analyses ([27]). Similarly, because DSM-IV

inattention symptoms remain relatively stable across

development whereas DSM-IV hyperactivity-impulsivity

symptoms decline with age, many children who initially

meet criteria for the combined type in childhood may come

to meet criteria for the inattentive type as they get older and

their symptoms of hyperactivity-impulsivity fall below the

diagnostic threshold (e.g. [2,53,64,65]).

Developmental shifts such as these would not necessarily

invalidate the distinction between the subtypes, but would

necessitate a reconceptualization of the diagnostic criteria

for the subtypes to take these developmental changes into

account. If future longitudinal studies support the hypothesis

that a subset of children shift predictably from the

hyperactive-impulsive type to the combined type or from

the combined type to the inattentive type, it will be essential

for the field to address the developmental course of the

disorder when criteria for ADHD and related disorders are

developed for DSM-V.

5.3. Comorbid mental disorders

Thus far, we have primarily considered comorbid mental

disorders as potential confounding variables that complicate

interpretation of the relations between ADHD and important

criterion variables such as measures of functional impair-

ment. In addition to this important aspect of the discriminant

validity of ADHD from other disorders, differential rates of

comorbidity would provide important support for the

discriminant validity between the DSM-IV symptom

dimensions and subtypes.

5.3.1. Symptom dimensions

DSM-IV hyperactivity-impulsivity and inattention

symptoms are each significantly associated with elevations

of externalizing and internalizing symptoms (e.g. [4,17,21,

22,28]b), but several of these studies found that hyper-

activity-impulsivity was more strongly associated with
symptoms of externalizing psychopathology (mean rZ.61

versus .49 for ODD and mean rZ.56 versus .41 for CD;

[118]). In contrast, most studies found that inattention was

associated more strongly than hyperactivity-impulsivity

with symptoms of depressive disorders (mean rZ.39 versus

.24) and anxiety disorders (mean rZ.47 versus .40).
5.3.2. Subtypes

Fig. 2 summarizes results of studies that compared the

prevalence of comorbid mental disorders among the

DSM-IV ADHD subtypes [22,52,38]; reviewed by

[118]). Individuals with the combined type were signifi-

cantly more likely than individuals with the inattentive

type to meet criteria for bipolar disorder, ODD, and CD.

Although studies of the hyperactive-impulsive type are

again qualified by small sample size, available data

suggest that youth with the hyperactive-impulsive type are

less likely than individuals with the combined type to

meet criteria for ODD or CD, but are at higher risk for

these disorders than individuals with the inattentive type.

In contrast to the results for the externalizing disorders,

studies of internalizing comorbidity suggest that children

with the inattentive and combined types do not differ in

rates of depression or anxiety, but both subtypes are

associated with higher rates of depression than the

hyperactive-impulsive type.

The differential strength of these associations provides

tentative support for the discriminant validity of the

symptom dimensions and subtypes. In contrast, inattention

and hyperactivity-impulsivity symptoms are both signifi-

cantly associated with most dimensions of psychopathol-

ogy, and the inattentive and hyperactive-impulsive types are

associated with elevations of most disorders that are

frequently comorbid with the combined type, albeit to a

lesser degree. Taken together, these results suggest that the

symptom dimensions and subtypes are distinguished by

their profile of comorbidity, but at least some profile

differences among the subtypes appear to be a matter of

degree rather than kind.
5.4. Functional impairment
5.4.1. Symptom dimensions

DSM-IV hyperactive-impulsive symptoms are associ-

ated more strongly than DSM-IV inattention symptoms with

global impairment, accidental injuries, and peer rejection,

whereas inattention symptoms are more strongly associated

with shyness, self-reported friendship difficulties, and

academic impairment (e.g. [32,34,36,119,120]). Moreover,

two recent studies that included both symptom dimensions

in a regression model predicting neurocognitive perform-

ance found that inattention was significantly associated with

weaknesses on measures of executive functions and

processing speed, whereas hyperactivity-impulsivity was

not independently associated with performance on these
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tasks after the influence of inattention was controlled

([53,66]).

5.4.2. Subtypes

Children with the combined type exhibit impairment

equal to or greater than the impairment exhibited by groups

with the inattentive type or hyperactive-impulsive type in

nearly all domains of global and social functioning (Fig. 1;

[118]). One important exception to this pattern is revealed in

studies of passive social behaviors. These results indicate

that in comparison to youth with the combined type or

hyperactive-impulsive type, individuals with the inattentive

type more often exhibit passive or shy behaviors in social

situations ([46,47]).

Several authors suggested that differential academic or

neurocognitive deficits could provide key evidence of

discriminant validity between the DSM-IV inattentive and

combined subtypes (e.g. [53,56,57,67]). However, sub-

sequent studies have found few consistent differences on

these measures (Fig. 1). In contrast, both the inattentive and

combined groups consistently performed more poorly than

groups with the hyperactive-impulsive type on measures of

both academic and neurocognitive functioning (e.g.

[32,51]).

5.5. Etiology

Family studies indicate that biological family members

of probands with DSM-IV ADHD are 6–8 times more likely

to also meet criteria for ADHD than family members of

control probands (e.g. [69,115]), and twin studies suggest

that this significant familiality is primarily attributable to

genetic influences (reviewed by [70]). However, recent

results suggest that the etiology of ADHD may differ by

ADHD subtype. Although results are mixed (e.g. [71]),

several large family studies have found that the DSM-IV

inattentive and combined types cluster in the same families,

whereas the hyperactive-impulsive type is substantially less

familial (e.g. [26,115]). Similarly, two large population-

based twin studies suggest that the combined and inattentive

types are highly heritable and due in part to common genetic

risk factors, whereas the hyperactive-impulsive type was not

significantly heritable in either study ([26,72,73]).

Two recent molecular genetic studies provide further

support for the etiological distinction between the hyper-

active-impulsive type and the other DSM-IV subtypes ([74,

75]). In a meta-analysis of the association between ADHD

and a specific form of the dopamine D5 receptor gene, [74]

found a significant association between this gene and the

inattentive and combined types. In contrast, the hyperactive-

impulsive subtype was not associated with the risk allele.

Similarly, in a genome scan of a large sample of affected

sibling pairs with DSM-IV ADHD, [75] found that evidence

for linkage was consistently strongest when probands with

the hyperactive-impulsive type were excluded from the

analysis. Taken together, these results provide converging
evidence that the etiology of the hyperactive-impulsive type

may be distinct from the etiology of the other two subtypes,

at least in school-age children.
6. Implications for the validity of DSM-IV ADHD

6.1. DSM-IV symptom dimensions

Ratings of hyperactivity-impulsivity and inattention

symptoms by both parents and teachers are reliable and

internally consistent, and nearly all symptoms load

primarily on their specified factor in most samples. Both

symptom dimensions are associated with multiple aspects of

global, academic, and social impairment in rigorously

controlled analyses, providing support for the concurrent

validity of each symptom dimension. Although inattention

and hyperactivity-impulsivity symptoms are associated with

many of the same external correlates, the discriminant

validity of the symptom dimensions is supported by studies

showing that they are associated with at least partially

distinct aspects of functional impairment, neurocognitive

functioning, comorbid psychopathology, and developmen-

tal course. Taken together, these results provide strong

support for the validity of the DSM-IV ADHD symptom

dimensions.

6.2. DSM-IV subtypes

Existing data also generally support the validity of the

DSM-IV combined and inattentive types. Both groups

exhibit significant impairment in nearly all domains of

functioning, the average effect size is moderate to large in

each of these areas, and these impairments are not explained

by comorbid mental disorders, low intelligence, or other

potential confounding variables. Therefore, although it will

be some time until information is available regarding the

long-term predictive validity of any of the DSM-IV

subtypes (e.g. [36,27]), the current literature strongly

supports the criterion validity of the DSM-IV inattentive

and combined types.

The discriminant validity of the inattentive and

combined types is less clear. The combined type is

associated with greater social impairment in some domains,

higher rates of externalizing comorbidity, and more frequent

accidental injuries, whereas individuals with the inattentive

type are more likely to be socially passive or isolated. On

the other hand, the inattentive and combined types exhibit

similar weaknesses on nearly all academic and neurocog-

nitive measures, and etiologically informative studies

suggest that these subtypes are due at least in part to

common genetic influences (e.g. [26,72,74]). Overall, these

results tentatively support the distinction between the

inattentive and combined types, but suggest that additional

research is needed to determine if these subtypes can be

distinguished at cognitive or etiological levels of analysis.
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In contrast to the inattentive and combined types,

evidence of diagnostic validity is far weaker for the

hyperactive-impulsive type. Very few studies reported

significant academic impairment or neurocognitive deficits

in groups with the hyperactive-impulsive type, and less than

half of the individuals in the hyperactive-impulsive group

exhibited significant social impairment. Although these

results must be interpreted with caution due to the relatively

small samples of individuals with the hyperactive-impulsive

type, they indicate that additional research is sorely needed

to test if the hyperactive-impulsive type is a valid diagnosis

that should be retained in its current form in DSM-V.
7. Directions for future research

In this final section, we highlight several keys remaining

questions regarding the validity of ADHD, and describe

future research directions that may help to address these

questions.

7.1. How is a predominantly inattentive disorder

best conceptualized?

Contrary to the initial predictions of many researchers

(e.g. [53,64,65]), evidence for the discriminant validity of

the DSM-IV inattentive and combined types is somewhat

weak, especially, in terms of differential neurocognitive

profiles (e.g. [67]). In this section, we summarize methods

that have been suggested to identify a predominantly

inattentive subtype of ADHD (or a primarily inattentive

disorder that is separate from ADHD) that can be

distinguished consistently from the combined type. The

first method proposes an adjustment to DSM-IV criteria to

decrease the heterogeneity of the inattentive subtype,

whereas the second approach suggests that the validity of

the inattentive type and DSM-IV ADHD as a whole may be

improved by developing positive diagnostic criteria for the

predominantly inattentive subgroup.

One possible means to reduce heterogeneity and

improve discriminant validity of the inattentive subtype

would be to remove individuals who may be better

conceptualized as subthreshold combined type from the

inattentive group. The different developmental trajectories

of DSM-IV inattention and hyperactivity-impulsivity

symptoms and the limitations inherent in categorical

diagnostic thresholds suggest one possible explanation for

the relatively weak discriminant validity of the inattentive

and combined types. Prevalence estimates from cross-

sectional samples (e.g. [17,58]), retrospective ratings of

adolescents with DSM-IV ADHD ([76]), and early results

from the first longitudinal study of DSM-IV ADHD ([27])

all suggest that some children who meet criteria for the

combined type in elementary school may begin to fall

slightly below the diagnostic threshold on the hyperactiv-

ity-impulsivity dimension as they grow older. Similarly,
several studies have found that in groups with

the inattentive type at any age, a subset of individuals

often exhibit subclinical elevations of hyperactivity-

impulsivity (e.g. four–five symptoms) that fall slightly

below the DSM-IV diagnostic threshold (e.g. [53,64,65]).

Normative data on DSM-IV rating scales indicate that a

child or adolescent with five symptoms of hyperactivity-

impulsivity would fall between the 85th and 96th

percentile even if the rater endorsed all other hyperactiv-

ity-impulsivity symptoms at their lowest possible level

(e.g. [17]).

Therefore, whereas in both of these examples the

individual would be diagnosed with the inattentive type

based on their current symptoms, their pattern of difficulties

may be better conceptualized as a slightly less severe or

later developmental manifestation of the combined type

than as a disorder characterized by inattention in the absence

of significant hyperactivity-impulsivity. If future research

suggests that these individuals have a form of the combined

type, the development of systematic criteria to remove them

from the inattentive group may improve the internal and

external validity of the inattentive type and the discriminant

validity of the inattentive and combined types.

Alternatively, several researchers have suggested that the

internal and external validity of the inattentive type might

be improved by developing positive diagnostic criteria for

this subgroup based on a cluster of inattentive behaviors that

have been labeled sluggish cognitive tempo (SCT; e.g. [32,

65,67,77–81]a).

Several studies have tested the internal and external

validity of potential SCT items. Three factor analytic studies

found that SCT symptoms loaded on a third factor separate

from DSM-IV inattention and hyperactivity-impulsivity

symptoms ([79–81]), although [81] found that this was only

true for males. Four studies found that the mean SCT score

of the DSM-IV inattentive type was significantly higher

than the mean of the combined or hyperactive-impulsive

types ([78–80,82]). However, the mean of the combined

type was also significantly higher than the mean of the

comparison group in several of these analyses, suggesting

that SCT may not be uniquely associated with the

inattentive type.

To test the external validity of SCT symptoms, three

studies compared groups with the inattentive type with and

without significant elevations of SCT ([37,54,78]). [78]

found that the group with the inattentive type with elevated

SCT exhibited more internalizing symptoms and social

impairment, and [37] found that the group with elevated

SCT also performed more poorly on a subset of measures of

neurocognitive functioning. In contrast, [54] did not find

significant differences as a function of SCT in a study of the

neurocognitive correlates of the DSM-IV inattentive and

combined types in females.

Although these early results are mixed, they suggest that

additional systematic research is warranted to clarify the

potential utility of SCT symptoms for the nosology of
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ADHD and related disorders. If initial results support the

hypothesis that SCT symptoms identify individuals with

a disorder that is distinct from ADHD, it will be essential to

test whether these symptoms identify a new attentional

syndrome or are simply a marker for another existing

psychological disorder. For example, many aspects of SCT

are similar to symptoms of internalizing disorders such as

major depressive disorder (e.g. drowsiness and psychomotor

retardation) and generalized anxiety disorder (e.g. mind

going blank), and slow processing of cognitive stimuli is

also a correlate of learning disabilities such as reading

disorder [23,120]. Because a diagnosis of an attentional

disorder may be more palatable to parents than a diagnosis

of major depression (e.g. [83]), it is essential that the

discriminant validity of SCT symptoms be carefully

assessed to avoid precipitating inappropriate treatment for

individuals with these other disorders (see [79] for a detailed

discussion of these issues).
7.2. Gender, ethnic, and cross-national differences

in ADHD

Girls are significantly less likely than boys to meet

criteria for DSM-IV ADHD in both clinic-referred and

community samples, and girls with ADHD are slightly more

likely than boys with ADHD to meet criteria for the

inattentive type. Recent research conclusively demonstrates

that DSM-IV ADHD is associated with significant

impairment in both males and females, suggesting that

DSM-IV criteria are valid for both sexes [54,76,84,116].

However, further research is needed to identify the unknown

etiology of the gender difference in prevalence.

The few available studies that have compared the

prevalence of ADHD in different ethnic groups suggest

that African American children may receive higher ratings

of ADHD symptoms from parents and teachers than

Caucasian and Hispanic children (e.g. [17,58,85]). In

contrast, a recent study of treatment rates suggests that

African American and Hispanic children are less likely

than Caucasian children to receive treatment for ADHD

([86]). Once again, the reasons for these differences are

unknown.

Prevalence differences in different demographic groups

could reflect rater biases (e.g. [85]), social pressure to

conform to gender norms ([84]), cultural differences in

parenting style or definition of normative behavior ([87]),

socioeconomic differences or other responses to environ-

mental stressors (e.g. [88]), different thresholds at which

symptoms begin to impair functioning (e.g. [89]), or

etiological differences (e.g. [90]). Future studies that test

these and other competing hypotheses will have critical

implications for the validity of ADHD in these groups, and

will help to facilitate the implementation of valid diagnostic

procedures and effective interventions in all populations.
7.3. Validity of ADHD across the lifespan

7.3.1. Preschool

Whereas substantial evidence supports the validity of

DSM-IV ADHD in school-age children, additional research

is needed to evaluate the validity of ADHD in preschool

children. Two recent studies suggest that DSM-IV ADHD is

a valid diagnosis among 3–6 years old children ([36,91]).

These studies await replication, however, particularly in

population-based samples and prospective longitudinal

studies that will be able to address the long-term predictive

validity of ADHD when it is first diagnosed during the

preschool years.

7.3.2. Adults

Prospective studies clearly indicate that the majority of

children with DSM-III or DSM-III-R ADHD continue to

exhibit elevations of ADHD symptoms and associated

impairments in adulthood, and individuals diagnosed with

DSM-III-R or DSM-IV ADHD in adulthood exhibit

significant social, occupational, academic, and driving

impairments that are not explained by comorbid ODD,

CD, internalizing symptoms, or substance use (e.g. [92];

[93,94]; [68,95,96]a; [97–99]).

These studies suggest that DSM-IV ADHD is associated

with many of the same external correlates in childhood,

adolescence, and adulthood (e.g. [41,68]b;

[100,110,112,117]), and leave little doubt that ADHD is a

valid diagnosis in adulthood for many individuals with a

history of childhood ADHD. Nonetheless, a number of issues

remain regarding the validity of DSM-IV ADHD in adults.

First, very few studies have evaluated the validity of the DSM-

IV subtypes in adults; indeed, it is currently not clear how these

subtypes are best defined in adult populations. A second issue

regarding the assessment of ADHD in adulthood is the fact that

most studies have relied on self-report measures. Although

recent data provide preliminary support for the validity of

retrospective self-report ratings [114], additional research is

needed to determine the optimal methods to assess and

diagnose ADHD in adulthood ([2]). Third, [101] raised the

concern that adults without ADHD who are impaired because

of other mental disorders may seek out a diagnosis of ADHD

because they find it less stigmatizing than other diagnoses. If a

careful diagnostic assessment is not conducted, improperly

diagnosed individuals may not receive optimal treatment for

their primary mental disorder. Finally, much remains to be

learned about the response of adults with ADHD to

psychopharmacologic and psychosocial treatments ([102]).

7.4. Optimal informants for the diagnosis of ADHD

Although previous studies support the validity of

ADHD ratings by both parents and teachers, these ratings

identify partially non-overlapping samples of children.

Moreover, whereas many studies of the validity of DSM-

IV ADHD have used ratings from parents or teachers alone,
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symptom criteria for DSM-IV ADHD were derived based on

the combination of parent and teacher ratings ([33]). The or-

rule used in the DSM-IV field trials codes each symptom as

present if it is endorsed by either the parent or the teacher, and

therefore, identifies a larger number of children than parent or

teacher ratings alone. In contrast, the more conservative

criteria for hyperkinetic disorder in the tenth edition of the

International Classification of Diseases (ICD-10; [103])

require that symptom criteria be met based on both parent and

teacher ratings, and an even more conservative approach

would code each individual symptom as positive only if the

symptom was endorsed by both the parent and the teacher.

Additional research is needed to compare the validity of these

and other algorithms for combining ratings from multiple

informants when functional impairment is used as the

external criterion for a valid diagnosis.

7.5. Etiology and diagnostic heterogeneity

Existing data clearly suggest that multiple genetic and

environmental risk factors increase susceptibility to ADHD.

Each risk factor appears to lead to a small increase in

susceptibility to ADHD, but none of these risk factors is

necessary or sufficient to cause the development of ADHD

by itself (e.g. [70,104]). Moreover, the combined effects of

all risk factors that have been identified to date is not

sufficient to fully explain the variance in ADHD symptoms,

suggesting that future studies are likely to discover

additional genetic and environmental risk factors. The

complexity of these results is not unique to ADHD; a similar

pattern is apparent in studies of the etiology of other

complex phenotypes such as reading disability (e.g. [105]),

schizophrenia (e.g. [106]), addictive behaviors (e.g. [107]),

and bipolar disorder (e.g. [108]).

In light of the complex multifactorial etiology of ADHD,

it is perhaps not surprising that groups with ADHD are quite

heterogeneous. For example, population-based studies

consistently show that a substantial subset of individuals

with ADHD also meet criteria for one or more other mental

disorders, whereas other individuals meet criteria for

ADHD alone [109,119]. Similarly, neuropsychological

studies suggest that subgroups of children with ADHD

exhibit deficits on different clusters of neurocognitive tasks

([110]), and a subset of children with ADHD do not exhibit

deficits on any of the neuropsychological measures

administered in these studies ([16]).

Heterogeneity within groups with ADHD may be

decreased to some extent by future refinements to

behavioral diagnostic criteria. However, it is also plausible

that a better understanding of the pathophysiological

processes involved in ADHD will facilitate the development

of diagnostic subtypes based on etiology (e.g. [16]). For

example, the paper by McFadden et al. (2005) in this special

issue presents evidence that prenatal exposure to androgens

is predictive of the inattentive type but not the combined

type. Using a different etiologically informative design,
[111] tested whether subgroups within the combined type

were differentiated by the presence or absence of the

putative risk allele of the dopamine D4 receptor gene (e.g.

[104]). The group without the risk allele exhibited the

expected pattern of neuropsychological impairment,

whereas the group with the risk allele did not display

significant neurocognitive abnormalities. This counter-

intuitive result led the authors to speculate that the D4

receptor gene may be associated with extreme scores on a

dimension of personality or temperament, whereas the

group without the DRD4 risk allele may be composed of

individuals with other genetic or non-genetic etiologies.

Whether or not these findings are replicated in future

studies, the papers by [111] and McFadden et al. (2005)

clearly demonstrate methods to identify potential etiologi-

cally informed subtypes of ADHD. If the external validity of

such subtypes is then demonstrated by consistent differences

in patterns of symptoms, impairment, or neurocognitive

functioning, these methods could contribute considerably to

refining diagnostic criteria and reducing diagnostic

heterogeneity.
8. Summary and conclusions

Existing data provide strong converging evidence that for

most individuals DSM-IV ADHD is a reliable diagnosis that

is associated with important aspects of functional and

neurocognitive impairment after controlling a wide range of

variables that are often confounded with the diagnosis.

Thus, similar to previous definitions of ADHD ([2]), these

results suggest that DSM-IV ADHD is not a construct that

inappropriately labels as abnormal a set of behaviors that are

upsetting to parents and teachers but are not inherently

maladaptive for the individual. Instead, ADHD is a valid

disorder because it significantly impairs social, academic,

occupational, and general adaptive functioning in both

children and adults. Additional research is needed to test the

validity of the hyperactive-impulsive type, to clarify the

distinction between the combined and inattentive subtypes,

and to test the relation between the ADHD subtypes and

other aspects of inattention that are not captured in the

DSM-IV criteria for ADHD.

Recent advances in molecular genetics and neuroscience

provide new tools that will play an essential role in the next

generation of studies of ADHD. By applying these

techniques in samples with well-validated measures of the

behavioral symptoms of ADHD, it will be possible to

improve both the diagnostic nosology of ADHD and models

of underlying pathophysiology. Studies that integrate these

multiple levels of analysis will help to guide the field toward

the ultimate goal of all psychopathology research: the

development of effective prevention and intervention

techniques to alleviate the symptoms of ADHD and

associated functional impairment.
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deficit/hyperactivity symptoms in Icelandic schoolchildren: assess-

ment with the Attention Deficit/Hyperactivity Rating Scale-IV.

Scand J Psychol 1999;40:301–6.

[30] Weiler MD, Bellinger D, Simmons E, et al. Reliability and validity

of a DSM-IV based ADHD screener. Child Neuropsychol 2000;6:

3–23.

[31] Gomez R, Harvey J, Quick C, Sharer I, Harris G. DSM-IV AD/HD:

confirmatory factor models, prevalence, and gender and age

differences based on parent and teacher ratings of Australian primary

school children. J Child Psychol Psychiatry 1999;40:265–74.

[32] Willcutt EG, Chhabildas N, Pennington BF. Validity of the DSM-IV

subtypes of ADHD. ADHD Rep 2001;9:2–5.

[33] Lahey BB, Applegate B, McBurnett K, et al. DSM-IV field trials for

attention deficit hyperactivity disorder in children and adolescents.

Am J Psychiatry 1994;151:1673–85.

[34] Molina BSG, Smith BH, Pelham WE. Factor structure and criterion

validity of secondary school teacher ratings of ADHD and ODD.

J Abnorm Child Psychol 2001;29:71–82.

[35] Willcutt EG, Pennington BF. Comorbidity of reading disability and

attention-deficit/ hyperactivity disorder: differences by gender and

subtype. J Learn Disabil 2000;33:179–91.

[36] Lahey BB, Pelham WE, Stein MA, et al. Validity of DSM-IV

attention-deficit/hyperactivity disorder for young children. J Am

Acad Child Adolesc Psychiatry 1998;37:695–702.

[37] Willcutt EG, Carlson CL, Hartman C, Pennington BF. Validity of

DSM-IV ADHD-predominantly inattentive type. Paper presented at

the annual meeting of the American Academy of Child and

Adolescent Psychiatry, Washington, DC; 2004.

[38] Faraone SV, Biederman J, Weber W, Russell RL. Psychiatric,

neuropsychological, and psychosocial features of DSM-IV subtypes



E.G. Willcutt, C.L. Carlson / Clinical Neuroscience Research 5 (2005) 219–232 231
of attention-deficit/hyperactivity disorder: results from a clinically-

referred sample. J Am Acad Child Adolesc Psychiatry 1998;37:

185–93.

[39] Graetz BW, Sawyer MG, Hazell PL, Arney F, Baghurst P. Validity

of DSM-IV ADHD subtypes in a nationally representative sample of

Australian children and adolescents. J Am Acad Child Adolesc

Psychiatry 2001;40:1410–7.

[40] Szatmari P, Offord DR, Boyle MH. Correlates, associated

impairments, and patterns of service utilization of children with

attention deficit disorders: findings from the Ontario Child Health

Study. J Child Psychol Psychiatry 1989;30:205–17.

[41] Barkley RA. Major life activity and health outcomes associated with

attention-deficit/hyperactivity disorder. J Clin Psychiatry 2002;

63(S12):10–15.

[42] Hartsough CS, Lambert NM. Medical factors in hyperactive and

normal children: prenatal, developmental, and health history

findings. Am J Orthopsychiatry 1985;55:190–210.

[43] Stewart MA, Thatch BT, Friedin MR. Accidental poisoning and the

hyperactive child syndrome. Dis Nerv Syst 1970;31:403–7.

[44] Bijur P, Golding J, Haslum M, Kurzon M. Behavioral predictors of

injury in school-age children. Am J Dis Child 1988;142:1307–12.

[45] Davidson LL, Hughes SJ, O’Connor PA. Preschool behavior

problems and subsequent risk of injury. Pediatrics 1988;82:644–51.

[46] Hinshaw SP. Preadolescent girls with attention-deficit/hyperactivity

disorder: I. Background characteristics, comorbidity, cognitive and

social functioning, and parenting practices. J Consult Clin Psychol

2002;70:1086–98.

[47] Maedgen JW, Carlson CL. Social functioning and emotional

regulation in the attention deficit hyperactivity disorder subtypes.

J Clin Child Psychol 2000;29:30–42.

[48] Gaub M, Carlson CL. Behavioral characteristics of DSM-IV ADHD

subtypes in a school-based population. J Abnorm Child Psychol

1997;25:103–11.

[49] Gadow KD, Nolan EE, Litcher L, et al. Comparison of attention-

deficit/hyperactivity disorder symptom subtype in Ukrainian school-

children. J Am Acad Child Adolesc Psychiatry 2000;39:1520–7.

[50] Willcutt EG, Doyle AE, Nigg JT, Faraone SV, Pennington BF. A

meta-analytic review of the executive function theory of ADHD.

Biol Psychiatry 2005;57:1336–46.

[51] Todd RD, Sitdhiraska N, Reich W, Ji THC, Joyner CA, Heath AC.

Discrimination of DSM-IV and latent class attention-deficit/hyper-

activity disorder subtypes by educational and cognitive performance

in a population-based sample of child and adolescent twins. J Am

Acad Child Adolesc Psychiatry 2002;41:820–8.

[52] Baumgaertel A, Wolraich ML, Dietrich M. Comparison of

diagnostic criteria for attention deficit disorders in a German

elementary school sample. J Am Acad Child Adolesc Psychiatry

1995;34:629–38.

[53] Chhabildas N, Pennington BF, Willcutt EG. A comparison of the

cognitive deficits in the DSM-IV subtypes of ADHD. J Abnorm Child

Psychol 2001;29:529–40.

[54] Hinshaw SP, Carte ET, Sami N, Treuting JJ, Zupan BA.

Preadolescent girls with attention-deficit/hyperactivity disorder: II.

Neuropsychological performance in relation to subtypes and

individual classification. J Consult Clin Psychol 2002;70:1099–111.

[55] Nigg JT, Blaskey LG, Huang-Pollock CL, Rappley MD. Neuropsy-

chological executive functions and DSM-IV ADHD subtypes. J Am

Acad Child Adolesc Psychiatry 2002;41:59–66.

[56] Barkley RA. ADHD and the nature of self-control. New York:

Guilford Press; 1997.

[57] Nigg JT. Is ADHD a disinhibitory disorder? Psychol Bull 2001;127:

571–98.

[58] Nolan EE, Gadow KD, Sprafkin J. Teacher reports of DSM-IV

ADHD, ODD, and CD symptoms in school children. J Am Acad

Child Adolesc Psychiatry 2001;40:241–9.

[59] Gadow KD, Sprafkin J. Adolescent Symptom Inventory 4: norms

manual. Stony Brook, NY: Checkmate Plus; 1997.
[60] Gadow KD, Sprafkin J. Early Childhood Symptom Inventory 4:

norms manual. Stony Brook, NY: Checkmate Plus; 1998.

[61] Biederman J, Mick E, Faraone SV. Age-dependent decline of

symptoms of attention deficit hyperactivity disorder: impact of

remission definition and symptom type. Am J Psychiatry 2000;157:

816–8.

[62] Hart EL, Lahey BB, Loeber R, Applegate B, Green SM, Frick PJ.

Developmental change in attention-deficit hyperactivity disorder in

boys: a four-year longitudinal study. J Abnorm Child Psychol 1995;

23:729–49.

[63] Nolan EE, Volpe RJ, Gadow KD, Sprafkin J. Developmental,

gender, and comorbidity differences in clinically referred children

with ADHD. J Emot Behav Disord 1999;7:11–20.

[64] Barkley RA. The inattentive type of ADHD as a distinct disorder:

what remains to be done. Clin Psychol Sci Pract 2001;8:489–93.

[65] Milich R, Balentine AC, Lynam DR. ADHD combined type and

ADHD predominately inattentive type are distinct and unrelated

disorders. Clin Psychol Sci Pract 2001;8:463–88.

[66] Nigg JT, Stavro G, Ettenhofer M, Hambrick D, Miller T, Henderson

JM. Executive functions and ADHD in adults: evidence for selective

effects on ADHD symptom domains. J Abnorm Psychol in press.

[67] Hinshaw SP. Is the inattentive type of ADHD a separate disorder?

Clin Psychol Sci Pract 2001;8:498–501.

[68] Faraone SV, Biederman J, Spencer T, et al. Attention-deficit/

hyperactivity disorder in adults: an overview. Biol Psychiatry 2000;

48:9–20.

[69] Friedman M, Chhabildas N, Budhiraja N, Willcutt EG,

Pennington BF. Etiology of comorbidity between ADHD and

reading disability: exploration of the assortative mating hypothesis.

Am J Med Genet (Neuropsychiatr Genet) 2003;120B:109–15.

[70] Willcutt EG. Genetics of ADHD. In: Barch D, editor. Cognitive and

affective neuroscience of psychopathology. Oxford, England:

Oxford University Press; in press.

[71] Stawicki J, Nigg JT. Familial psychiatric disorders in child DSM-IV

ADHD: moderation by child gender. Ann N Y Acad Sci 2003;1008:

293–6.

[72] Willcutt EG, Pennington BF, DeFries JC. Etiology of inattention and

hyperactivity/impulsivity in a community sample of twins with

learning difficulties. J Abnorm Child Psychol 2000;28:149–59.

[73] Willcutt EG, DeFries JC, Pennington BF, Olson RK, Smith SD,

Cardon LR. Comorbidity of reading difficulties and ADHD. In:

Plomin R, DeFries JC, McGuffin P, Craig I, editors. Behavioral

genetics in a postgenomic era; 2003. p. 227–46.

[74] Lowe N, Kirley A, Hawi Z, et al. Joint analysis of the DRD5 marker

concludes association with attention-deficit/hyperactivity disorder

confined to the predominantly inattentive and combined subtypes.

Am J Hum Genet 2004;74:348–56.

[75] Smalley SL, Kustanovich V, Minassian SL, et al. Genetic linkage of

attention-deficit/hyperactivity disorder on chromosome 16p13, in a

region implicated in autism. Am J Hum Genet 2002;71:959–63.

[76] Rucklidge JJ, Tannock R. Psychiatric, psychosocial, and cognitive

functioning of female adolescents with ADHD. J Am Acad Child

Adolesc Psychiatry 2001;40:530–40.

[77] Carlson CL, Mann M. Attention-deficit/hyperactivity disorder,

predominantly inattentive subtype. Child Adolesc Psychiatr Clin N

Am 2000;9:499–510.

[78] Carlson CL, Mann M. Sluggish cognitive tempo predicts a different

pattern of impairment in the attention deficit hyperactivity disorder,

predominantly inattentive type. J Clin Child Adolesc Psychol 2002;

31:123–9.

[79] Hartman CA, Willcutt EG, Rhee SH, Pennington BF. The relation

between sluggish cognitive tempo and DSM-IV ADHD. J Abnorm

Child Psychol 2004;32:491–503.

[80] McBurnett K, Pfiffner LJ, Frick PJ. Symptom properties as a

function of ADHD type: an argument for continued study of

sluggish cognitive tempo. J Abnorm Child Psychol 2001;29:

207–14.



E.G. Willcutt, C.L. Carlson / Clinical Neuroscience Research 5 (2005) 219–232232
[81] Todd RD, Rasmussen ER, Wood C, Levy F, Hay DA. Should

sluggish cognitive tempo be included in the diagnosis of attention-

deficit/hyperactivity disorder? J Am Acad Child Adolesc Psychiatry

2004;43:588–97.

[82] Skansgaard EP, Burns GL. Comparison of DSM-IV ADHD

combined and predominantly inattentive types: correspondence

between teacher ratings and direct observations of inattentive,

hyperactivity/impulsivity, slow cognitive tempo, oppositional

defiant, and overt conduct disorder symptoms. Child Fam Behav

Ther 1998;20:1–14.

[83] Lahey BB. Should the combined and predominantly inattentive types

of ADHD be considered distinct and unrelated disorders? Not now,

at least. Clin Psychol Sci Pract 2001;8:494–7.

[84] Hartung CM, Willcutt EG, Lahey BB, et al. Sex differences in young

children who meet criteria for attention-deficit/hyperactivity dis-

order. J Clin Child Adolesc Psychol 2002;31:453–64.

[85] Reid R, DuPaul G, Power TJ, et al. Assessing culturally

different students for attention deficit hyperactivity disorder

using behavior rating scales. J Abnorm Child Psychol 1998;26:

187–98.

[86] Rowland AS, Umbach DM, Stallone L, Naftel AJ, Bohlig EM,

Sandler DP. Prevalence of medication treatment for attention deficit–

hyperactivity disorder among elementary school children in

Johnstone County, North Carolina. Am J Public Health 2002;92:

231–4.

[87] Bird HR, Canino G, Rubio-Stipec M. Estimates of prevalence of

childhood maladjustment in a community survey in Puerto Rico.

Arch Gen Psychiatry 1988;45:1120–6.

[88] Barbarin OA, Soler RE. Behavioral, emotional, and academic

adjustment in a national probability sample of African American

children: effects of age, gender, and family structure. J Black Psychol

1993;19:423–46.

[89] Rhee SH, Waldman ID, Hay DA, Levy F. Sex differences in genetic

and environmental influences on DSM-III-R attention-deficit/hyper-

activity disorder. J Abnorm Psychol 1999;108:24–41.

[90] James A, Taylor E. Sex differences in the hyperkinetic syndrome of

childhood. J Child Psychol Psychiatry 1990;3:437–46.

[91] DuPaul GJ, McGoey KE, Eckert TL, VanBrakle J. Preschool

children with attention-deficit/hyperactivity disorder: impairments in

behavioral, social, and school functioning. J Am Acad Child Adolesc

Psychiatry 2001;40:508–15.

[92] Barkley RA, Guevremont DC, Anastopoulos AD, DuPaul GJ,

Shelton TL. Driving-related risks and outcomes of attention deficit

hyperactivity disorder in adolescents and young adults: a 3–5 year

follow-up survey. Pediatrics 1993;92:212–8.

[93] Barkley RA, Murphy KR, Kwasnik D. Motor vehicle driving

competencies and risk in teens and young adults with ADHD.

Pediatrics 1996;98:1089–95.

[94] Barkley RA, Murphy KR, Kwasnik D. Psychological adjustment and

adaptive impairments in young adults with ADHD. J Atten Disord

1996;1:48–53.

[95] Barkley RA, Murphy KR, DuPaul GJ, Bush T. Driving in young

adults with attention deficit hyperactivity disorder: knowledge,

performance, adverse outcomes, and the role of executive

functioning. J Int Neuropsychol Soc 2002;8:655–72.

[96] Biederman J, Faraone SV, Spencer T, et al. Patterns of psychiatric

comorbidity, cognition, and psychosocial functioning in adults with

attention deficit hyperactivity disorder. Am J Psychiatry 1993;150:

1792–8.

[97] Fischer M, Barkley RA, Smallish L, Fletcher K. Young adult follow-

up of hyperactive children: self-reported psychiatric disorders,

comorbidity, and the role of childhood conduct problems and teen

CD. J Abnorm Child Psychol 2002;30:463–75.

[98] Murphy KR, Barkley RA, Bush T. Executive functioning and

olfactory identification in young adults with attention deficit–

hyperactivity disorder. Neuropsychology 2001;15:211–20.
[99] Weiss G, Hechtman L. Hyperactive children grown up. 2nd ed. New

York: Guilford Press; 1993.

[100] Seidman LJ, Biederman J, Weber W, Hatch M, Faraone SV.

Neuropsychological function in adults with attention-deficit hyper-

activity disorder. Biol Psychiatry 1998;44:260–8.

[101] Shaffer D. Attention deficit hyperactivity disorder in adults. Am

J Psychiatry 1994;151:633–8.

[102] Wilens TE, Spencer TJ, Biederman J. A review of the

pharmacotherapy of adults with attention-deficit/hyperactivity

disorder. J Atten Disord 2002;5:189–202.

[103] World Health Organization. International classification of diseases.

10th ed., Geneva, Switzerland: World Health Organization; 1994.

[104] Faraone SV, Perlis RH, Doyle AE, Smoller JW, Goralnick J,

Holmgren MA. Molecular genetics of attention deficit hyperactivity

disorder. Biol Psychiatry 2005;57:1313–23.

[105] Fisher SE, DeFries JC. Developmental dyslexia: genetic dissection

of a complex cognitive trait. Nat Rev Neurosci 2002;3:767–80.

[106] Riley BP, McGuffin P. Linkage and association studies of

schizophrenia. Am J Med Genet 2000;97:23–44.

[107] Crabbe JC. Genetic contributions to addiction. Annu Rev Psychol

2002;53:435–62.

[108] Craddock N, Jones I. Molecular genetics of bipolar disorder. Br

J Psychiatry 2001;178:S128–S33.

[109] Angold A, Costello EJ, Erkanli A. Comorbidity. J Child Psychol

Psychiatry 1999;40:57–87.

[110] Sonuga-Barke EJS. Causal models of attention-deficit/hyperactivity

disorder: from common simple deficits to multiple developmental

pathways. Biol Psychiatry 2005;57:1231–8.

[111] Swanson J, Oosterlaan J, Murias M, et al. Attention deficit/-

hyperactivity disorder children with a 7-repeat allele of the dopamine

receptor D4 gene have extreme behavior but normal performance on

critical neuropsychological tests of attention. Proc Natl Acad Sci

2000;97:4754–9.

[112] Barkley RA, Fischer M, Smallish L, Fletcher K. The persistence of

attention-deficit/hyperactivity disorder as a function of reporting

source and definition of disorder. J Abnorm Psychol 2002;111:

279–89.

[113] Cohen J. Statistical power analysis for the behavioral sciences.

Hillsdale, NJ: Lawrence Erlbaum; 1988.

[114] Faraone SV, Biederman J, Feighner JA, Monuteaux MC.

Assessing symptoms of attention deficit hyperactivity disorder

in children and adults: which is more valid? J Consult Clin

Psychol 2000;68:830–42.

[115] Faraone SV, Biederman J, Friedman D. Validity of DSM-IV subtypes

of attention-deficit/hyperactivity disorder: a family study perspec-

tive. J Am Acad Child Adolesc Psychiatry 2000;39:300–7.

[116] Gaub M, Carlson CL. Gender differences in ADHD: a meta-analysis

and critical review. J Am Acad Child Adolesc Psychiatry 1997;

36(8):1036–45.

[117] Nigg JT, Butler KM, Huang-Pollock CL, Henderson JM. Inhibitory

processes in adults with persistent childhood onset ADHD. J Consult

Clin Psychol 2002;70:153–7.

[118] Willcutt EG, Lahey BB, Pennington BF, Carlson CL, Nigg JT,

McBurnett K. Validity of attention-deficit/hyperactivity disorder: a

meta-analytic review (under review).

[119] Willcutt EG, Pennington BF, Chhabildas NA, Friedman MC,

Alexander J. Psychiatric comorbidity associated with DSM-IV

ADHD in a nonreferred sample of twins. J Am Acad Child Adolesc

Psychiatry 1999;38:1355–62.

[120] Willcutt EG, Pennington BF, Chhabildas NA, Olson RK,

Hulslander JL. Neuropsychological analyses of comorbidity between

RD and ADHD: in search of the common deficit. Dev Neuropsychol

2005;27:35–78.

[121] Cooper H. Synthesizing research. 3rd ed. Thousand Oaks, CA: Sage;

1998.


	The diagnostic validity of attention-deficit/hyperactivity disorder
	Introduction
	Validity of mental disorders
	Internal validity
	Criterion validity
	Discriminant validity

	Internal validity of DSM-IV ADHD
	Factor analyses
	Reliability
	Conclusions regarding the internal validity of DSM-IV ADHD

	Concurrent validity
	DSM-IV symptom dimensions
	DSM-IV subtypes
	Conclusions regarding the concurrent validity of DSM-IV ADHD

	Discriminant validity
	Gender ratio
	Developmental trajectory
	Comorbid mental disorders
	Functional impairment
	Etiology

	Implications for the validity of DSM-IV ADHD
	DSM-IV symptom dimensions
	DSM-IV subtypes

	Directions for future research
	How is a predominantly inattentive disorder best conceptualized?
	Gender, ethnic, and cross-national differences in ADHD
	Validity of ADHD across the lifespan
	Optimal informants for the diagnosis of ADHD
	Etiology and diagnostic heterogeneity

	Summary and conclusions
	Acknowledgements
	References


