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1. Introduction
The DSM-5 [1], which should be published in 2013, will in all likelihood have a category
named Neurodevelopmental Disorders, under which ADHD will resort. This shift in nosol‐
ogy lays the foundation of the argument that will be put forward in this chapter, therefore
the following points need to be emphasised and warrants further discussion. Firstly, this
categorisation is based on shared aetiology, rather than shared symptoms or shared devel‐
opmental stage (as was the case with the DSM-IV-TR). Historically, disorders were classified
according to shared aetiology (as was the case with DSMI and DSM-II), as opposed to
shared symptomatology (as was the case with DSM-III and DSM-IVTR). The DSM-5 is to a
greater, or lesser, extent a combination of these as it proposes a change to the categorisation,
but not the symptoms of this disorder.
The second point is that the shared aetiology is a neurobiological based aetiology. The name of
the category implies that these disorders have a common, underlying, neurobiological
cause. The question which arises is to what extent these disorders do have an underlying
neurobiological cause, to what extent this is shared, and even to what extent these causes are
shared within the sub-categories of disorders, for example ADHD. Grouping these disorders
together implies a relatively homogenous group of disorders, and even further that the subcategories are homogenous within themselves. The DSM-5 makes provision for 4 sub-cate‐
gories of ADHD, i.e. the Combined, Predominantly Inattentive, Inattentive (Restrictive) and
predominantly Hyperactive/ Impulsive, presentations. Does the grouping of these sub-catego‐
ries necessarily imply that they share the same neurobiological aetiology? The argument
that will be put forward in this chapter is that although they all share a neurobiological
cause, this cause is not common and that the sub- categories may have subtle or gross, dif‐
ferences in these neurobiological factors.
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The name of the category also implies a more fluid and dynamic process that starts in child‐
hood and may, or may not, extend across the lifespan into adulthood. This is in sharp con‐
trast to the more traditional, and rather rigid, distinction between adulthood and childhood
pathologies. This category allows for the straddling between childhood and adulthood path‐
ologies. An important point, which warrants emphasis, is that these disorders typically origi‐
nate in childhood, which may then extend into adulthood. Again, in sharp contrast to the
previous DSM classifications, the DSM-5 makes slightly more provision for ADHD in adult‐
hood. As far as the specific criteria, as well as the sub-categories, are concerned, the criteria
for ADHD in adulthood are rather superficial as it does not include the rather extensive re‐
search that has been done on the clinical manifestation of this disorder in adulthood, nor is it
explicit enough in terms of possible sub-categories of this disorder in adulthood. This cre‐
ates a picture of a rather homogenous disorder in adulthood which either influences, or is
perpetuated by, research on this topic.
As much as many Mental Health professionals would like to accept that the diagnosis of
ADHD in adulthood is a valid one, there is also still much scepticism about both the validity
of this disorder, as well as the clinical picture / diagnostic criteria. Some authors [2] postu‐
late that this scepticism may also be due to extensive, but poorly described, comorbid Axis I
and Axis II disorders. Although some may consider ADHD and Personality Disorders (spe‐
cifically Cluster B) to be co-morbid conditions, there are also those that would argue that
these Personality Disorders are often misdiagnosed as ADHD, or vice versa [3]. The roots of
the dilemma are twofold, i.e. that Personality Disorders are a separate and distinct set of dis‐
orders that do not have a biological underpinning and the arbitrary distinction between
childhood and adult pathology. If one removes both these problematic issues, and rather
view a disorder in terms of the aberrant development of behaviour, (neuro)cognition and
emotion (as opposed to “personality”) over time (rather than in life stages), a different pic‐
ture, i.e. one of either maturational lag or maturational deviance, emerges. The neurodeve‐
lopmental disorders, such as ADHD, are associated with a unique temperament that is
characterised by high novelty seeking, harm avoidance and low reward dependence [3]. The
question that arises is whether the neurodevelopmental and personality disorders are the re‐
sult of the same underlying neurological process, or whether they are parallel processes that
may or may not have reciprocal effects on each other [4]. On a theoretical level, i.e. the ma‐
turational lag theory, these two categories of disorders may be considered together, if it is
indeed that the maturational lag theory holds true for both of them.

2. Neurodevelopment of ADHD
The use of the concept neurodevelopment in the categorisation and organisation of disor‐
ders in the DSM-5 suggests that variant disorders can be arranged according to specific neu‐
rodevelopmental pathways. It is understood that the developmental pathway may account
for the neurobiological underpinnings, and thus aetiological foundation of the syndrome ob‐
served. Two neurodevelopmental models, namely the maturational lag model and the develop‐
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mental deviation model, appear to be particularly relevant to the syndrome of ADHD. In this
section evidence supporting these two views will be reported.
2.1. Maturational lag in ADHD
While some evidence has suggested that the ADHD brain develops in fundamentally differ‐
ent ways to typical ones, other results have argued that they are just the result of a lag in the
normal timetable for development, which is known as the maturational lag model [5]. This
model of ADHD is organised around the notion that that the behaviours of a child with
ADHD is abnormal merely in reference to his or her age [5]. This direction in thinking was
initially based on observations that children with ADHD behave similarly to younger chil‐
dren who are more active, impulsive and exhibit a shorter attention span [6]. According to
this model [5], “if the child was younger, the findings would be regarded as normal” (p.
268). He further postulates that the neurological factors that limit the performance of a child
with ADHD are synonymous to that which typically limits the performance of younger chil‐
dren. Hence, the maturational lag model [5] stipulates that an individual with ADHD
presents with a relative delay in certain aspects of their neurological maturation, but that
maturation will eventually ‘catch up’. On average, the brain of ADHD children matured
about three years later than those of their peers, with 50% of their cortex only reaching maxi‐
mum thickness at age 10 years 6 months as opposed to 7 years and 6 months of those chil‐
dren without ADHD [7]. The lags in maturation seem to differ from one cortical area to the
next, for example, the lag in the prefrontal cortex can be as high as 5 years. In other areas,
the ADHD brain seems to mature faster than in a non-ADHD brain, an example being the
primary motor cortex. These researchers draw the conclusion that their findings support the
hypothesis of maturational lag, not maturational deviance.
Nearly 50 years of electrophysiological (EEG) research in the realm of ADHD suggest that
children and adolescents who present with the disorder display abnormalities in their EEG
[8]. The abnormalities observed are either organised according to the maturational lag or de‐
velopmental deviation model. From an EEG perspective, the maturational lag model sug‐
gests that an individual with ADHD should present with cortical activity that is similar to
that witnessed in younger children [9, 10], since an increase in slow wave activity (delta and
theta) and decreased fast wave activity (alpha and beta) is typical in younger children [11].
A number of researchers [12-16] interpret their findings of increased slow wave activity in
children and adolescents with ADHD during an eyes closed resting condition as evidence of
a maturational lag. Additional EEG support for the maturational lag is presented in Table 1.
2.2. Maturational deviance in ADHD
The second neurodevelopmental model is that of the developmental deviation, also known
as maturational deviance, which proposes that maturation is not necessarily lagging, but
that it is not approaching normality or maturation, and that it is unlikely to do so at any
stage during the lifespan. This model was built on EEG research where 90% of the ADHD
sample presented with aberrances in their EEG activity [17]. Subsequently, the developmen‐
tal deviation model of ADHD came into play, which suggests that ADHD results from ab‐
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normalities in CNS functioning [9]. It further denotes that the EEGs of children and
adolescents with ADHD symptoms are not considered normal in children of any age and
that it is also not likely to mature in a normal fashion [9]. Additional evidence for this model
is provided by the adult ADHD (ADHD) studies which found that the presence of elevated
slow wave activity, especially theta, persists into adulthood [18-19].
2.3. Summary and conclusion
The research referred to in this section was concerned with the investigation of cortical ac‐
tivity patterns in adults with ADHD via EEG methodologies. The research was specifically
interested in the cortical activity patterns of adults with ADHD symptomatology at frontal,
frontal midline and parietal sites seeing that these areas are often the most heavily implicat‐
ed in ADHD. From existing literature, it can be concluded that there is evidence that sup‐
ports both the maturational lag as well as the maturational deviance models (See Table 1).
EEG Based

Description of Model

EEG Findings

References

Model
Maturational Lag

Individuals with ADHD symptoms

Increased relative and/or absolute slow wave activity

present with cortical activity

and decreased relative and/or absolute fast wave

patterns that is similar to that

activity

witnessed in younger children

Increased frontal relative and/or absolute theta

[8 -16, 20 – 27]

Increased absolute and/or relative delta in temporal
and parietal sites
Decreased relative and/or absolute alpha and beta
power in temporal and parietal sites
Developmental

ADHD symptoms result from

Increased absolute and/or relative theta activity in

[9,19,26,28,

Deviation

abnormalities in CNS functioning.

frontal and frontal midline sites.

29]

The EEGs of individuals with ADHD

Decreased relative alpha activity in parietal and

symptoms are not considered

temporal sites.

normal in individuals of any age and

Decreased absolute and relative beta activity in frontal,

is not likely to mature in a normal

parietal and temporal sites

fashion.

Elevated theta/beta and theta/alpha ratios

Table 1. EEG support for the maturational lag and developmental deviation models

3. Personality disorders
Personality and psychopathology have, throughout the 20th century, been viewed as sep‐
arate but related domains. Although they have been viewed as related domains, the ex‐
act relationship remains largely unclear. In 1980, within psychopathology, clinical
syndromes were separated from personality disorders [34]. Splitting these domains high‐
lighted the overlap between symptoms of clinical and personality disorders [34], which

Neurodevelopmental Pathways of Childhood ADHD into Adulthood: Maturational Lag, Deviation, or Both?
http://dx.doi.org/10.5772/53865

is also the foundation for on-going debates concerning the comorbidity between ADHD
in adulthood and personality disorders. If one adopts a neurobiological / neurocognitive
approach to personality, then the overlap between temperament, personality and person‐
ality disorders becomes more evident. Furthermore, given the mounting evidence that
ADHD can persist from childhood into adulthood, it also follows that there should be
more focus on the relationship between personality and ADHD [35]. Some authors [36]
maintain that is important to describe ADHD in adulthood in terms of general personali‐
ty structures as it could contribute to a better conceptualization of the disorder. Further‐
more, there are suggestions that there is evidence that indicates that developmental
factors may contribute to ADHD in ways that are separate from the associated behav‐
iour problems. One could go further by saying that it is important to describe personali‐
ty disorders (from a neurobiological perspective) in adults with ADHD, as this could aid
in describing a possible shared aetiology. In fact one could go as far as to say that in‐
complete descriptions of Personality Disorders in ADHD continue to place pressure on
the validity of the diagnosis in adulthood [2]. Although there have been a number of
studies that have focused on the relationship between ADHD and personality, some au‐
thors [35] maintain that these studies have focussed on only a narrow range of personali‐
ty constructs. Table 2 provides a summary of personality constructs that have been
investigated in relation to ADHD, as well as how these characteristics may feature in
personality disorders.
Construct

Characteristic of

Characteristic of Cluster B Personality

ADHD

Disorder

Sensation Seeking / External stimulation seeking [38, 39]

Antisocial [49]

Behavioural disinhibition / Impulsivity

Antisocial and Borderline [45]

[40, 41]

Borderline [46, 48, 51]
Self-regulation

[40]

Borderline, Antisocial and Histrionic [50]
Axis II disorders [52]

Externalizing problem behaviours

[42]

Antisocial [50]

Emotional lability

[41]

Borderline [44]
Antisocial and Borderline [45]

Low reward dependence

[43]

Antisocial [47]

Uncooperativeness

[43]

Borderline [46]

Table 2. Summary of personality constructs identified in ADHD and possible links with Cluster B disorders

There has traditionally been a great but, arguably unwarranted [43], emphasis on the preva‐
lence of Cluster B personality disorder in adults with ADHD. This study, in effect wants to
investigate whether there is some shared neurodevelopmental process in both of these sets
of disorders. The argument is based on the following postulates:
• ADHD is a neurodevelopmental disorder and is the result of either maturational lag or
maturational deviation
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• In some cases ADHD does not continue beyond adolescence (which is in line with the ma‐
turational lag hypothesis), however
• ADHD may continue into adulthood, which cannot be explained fully by the maturation‐
al lag hypothesis.
• The is a reportedly high prevalence of personality disorders in adults with ADHD
• There is evidence of both maturational lag and deviation processes in personality disorders.
If these postulates are correct, the question that arises is whether these two disorders could
be the result of the same neurodevelopmental process. Most, if not all, of the characteristics
mentioned in Table 2 have an underlying neuropsychological or neurobiological correlate.
These neurobiological correlates may be the result of either a maturational lag or matura‐
tional deviance process, depending on which personality disorder one focuses on. One way
of distinguishing between these two hypotheses, would be to consider the course and prog‐
nosis of the different personality disorders. Regarding the Cluster B personality disorders,
two interesting pictures evolve when reviewing course and prognosis, and these may, argu‐
ably be classified as maturational lag or maturational deviation.
3.1. Maturational lag
The roots of the development of Antisocial Personality Disorder can be traced to early ado‐
lescence (i.e. Conduct Disorder) which then follows an unremitting course, with a variable
outcome. There is some evidence that suggests that the symptoms decrease with age [53].
The fact that the symptoms may decrease with age, is somewhat suggestive of a delayed
maturation process [54]. A further indication of a maturational lag is the fact that there is
excessive theta wave activity, while awake, which is akin to what is evident in younger chil‐
dren [54]. One explanation for this could be the temporal discounting paradigm which
quantifies the ability to favour larger, delayed rewards over smaller, more immediate re‐
wards. Temporal discounting matures with age, along with increased impulse control and
self-regulation. This maturation seems to be associated with changes in activation of the
ventromedial prefrontal cortex, anterior cingulate cortex, ventral striatum, insula, inferior
temporal gyrus and posterior parietal cortex [55].
Although it is reported that adults with a histrionic personality disorder display less symp‐
toms as they age [53], it is uncertain whether this is truly due symptoms diminishing due to
maturation, or whether this is merely due to a decline in energy levels due to aging.
3.2. Maturational deviation
In the case of both borderline and narcissistic personality disorders, the disorders are stable
over time showing neither intensifying or decline in symptoms [53]. Unlike antisocial per‐
sonality disorder, the DSM does not make provision for early identification of these disor‐
ders; however, some research does provide some evidence for the early identification of
specifically borderline personality disorder [56]. Although there is some evidence of epilep‐
tiform activity in borderline personality disorder [57], the prevalence is not high enough to
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substantiate that this disorder is due to abnormal brainwave activity. Abnormal brainwave
activity is only one of the many possible neurobiological factors in this disorder and other
factors such as neurotransmitter systems, the endogenous opioid system [58] and various
sub-cortical areas have been included as possible contributing causes to this disorder. De‐
spite numerous studies thyat have been done, the neurobiology of borderline personality
disorder still remains largely unclear [58]. If there is evidence of neurobiological processes,
and that symptoms do not appear to improve over time, one could deduce that these (nar‐
cissistic and borderline) are due to maturational deviation, rather than maturational lag.
3.2.1. Method
This study formed part of a much larger project, and this study itself was larger than what is
reported here. The research question for this study is focused exclusively on maturational
delay versus maturational deviation. Due to the fact that the existing literature seems to fo‐
cus mainly on Cluster B personality disorders, and that EEG studies in relation to the re‐
search question focus mainly on resting state EEG recordings, this study does the same.
Therefore, although there is more information available than reported here, it will be limited
to what is pertinent to the research question only.
3.2.2. Participants
In order to address the research goals the study utilised purposive sampling methods to
identify the ADHD sample. All participants had to be older than 18 years of age and as far
as the other including characteristics are concerned, the researchers had to utilise their
judgement to identify and select individuals from a target population that qualify for partic‐
ipation in the study, based on the sample characteristics [59]. During the initial phases of the
sampling procedure the researchers verbally marketed the research undertaking to profes‐
sional practitioners (mostly psychiatrists and psychologists). Furthermore participants who
were selected on the basis of purposive sampling also nominated acquaintances whom they
believed may qualify for participation in the research. In the initial phase the target popula‐
tion was broadly defined by observed ADHD type behaviours that may be explained by the
syndrome and may be potentially differentially diagnosed from other clinical conditions.
Participants who were subject to the exclusion criteria were not included in the study. The
list of exclusion criteria are informed by similar EEG studies [18, 60-62] which included:
• Psychoactive medication, with the exception of methylphenidate (ADHD related medica‐
tion), in which case participants were asked to refrain from taking the medication for a
minimum of 24 hours prior to the assessment.
• History of a neurological disorder, head injury or CNS infection.
• History of substance use disorder in the previous two months.
• Evidence of another Axis I or Axis II disorder.
• Current diagnosis of hypothyriodism.
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All participants were subject to the clinical interview, and screened for a ‘best estimate’ di‐
agnosis for ADHD by means of the ASRS-v.I.I. and also with the MCMI-III [63] for differen‐
tial diagnosis of other clinical syndromes. The nature of these assessment tools and rationale
for their use are discussed below. The recruitment of participants resulted in a group of 51
adults with ADHD and a group of 43 adults with no clear indications of a clinical disorder.
For the EEG study an initial 15 potential ADHD research participants were identified from the
bigger pool, however, on further investigation 3 participants were excluded from further anal‐
ysis on the basis that they met the criteria for another clinical condition. Subsequently 12 partic‐
ipants met the operational criteria to constitute the ADHD EEG study population. These
participants were first subject to the EEG assessment before the age- and gender- matched nonADHD sample was identified. The reason for this was to ensure that no further participants
needed to be excluded and that the non-ADHD sample could be matched on the characteristics
of the final ADHD sample. Two individuals were further excluded from the study population
on the basis that the one participant experienced excessive drowsiness and another participant
presented with significant muscle movement that may confound the obtained results. Subse‐
quently, 10 participants were included in the research sample for the ADHD group. This sam‐
ple met the necessary operational criteria for the inclusion in the study and produced an EEG
reading that is acceptable according to the quality standards. The mean sample age for the
ADHD group was 34.4 years. The female to male ratio was 3:1.
Following the identification of the research sample for the experimental group the study set
out to identify an age- and gender- matched healthy non-ADHD group. Matched sampling
for this group took place by purposively selecting participants from the initial pool of poten‐
tial participants. The sampling of this group was matched exactly to gender and approxi‐
mately within a four year range of the target age criterion. Subsequently the non-ADHD
research sample that was identified exhibited a mean sample age of 33.6 years with a similar
female to male ratio as the experimental group.
3.2.3. Measurement instruments
One of the main challenges in this study was to accurately identify adults with a diagnosis of
ADHD. Due to the fact that ADHD, specifically in adulthood, is not a widely accepted diagno‐
sis, or in other cases an over diagnosed disorder, one cannot rely only on formal diagnoses
made by Mental Health Professionals. Added to this is the problem of a high rate of self-diag‐
nosis of this disorder amongst adults [64], which brings into question relying only on self-re‐
port questionnaires to identify possible participants. For this reason, over and above the
MCMI-III, a semi-structured interview and a self-report questionnaire were also included.
Semi-Structured Clinical Interview. The interview was conducted by any one of the trained clini‐
cal psychologists that formed part of the research team. The purpose of the interview was to en‐
sure that participants met the sampling characteristics mentioned above and to make certain
that none of the exclusion criteria were present in the respective population. The interview also
obtained information regarding the biographical information of participants. Furthermore it
served as a quick screening conformational tool by exploring the presence or absence of the cri‐
teria for ADHD in adulthood as proposed by a number of authors [65, 66].
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Adult ADHD Self-Report Scale (ASRS). The ASRS is not a diagnostic tool but is used as a
screening device to screen for signs and symptoms of adult ADHD. The Adult ADHD SelfReport Scale (ASRS) is a self-report 18 question questionnaire which screens adults for
ADHD [67]. The ASRS is based on the criteria listed in the DSM IV, on ADHD [68]. Half of
the questions focus on inattention and half of the questions focus on hyperactivity [69]. It is
a paper pencil questionnaire which is self-scored and only takes 5 minutes to complete [67].
It has a five point Likert scale, where the testee ticks one of five responses, never, rarely,
sometimes, often and very often [67]. The ASRS has demonstrated good reliability and val‐
idity in clinical and community samples [68]. The ASRS also has high-quality predictive
power with values between 57 and 93%, showing that it can predict ADHD[70]. The ASRS
proves good internal consistency with values between 0.75 and 0.89 [69]. Concordance was
calculated by looking at the symptom responses of the ASRS and comparing the responses
to clinical ratings, of which Cohen’s k was used to assess this concordance [67]. The con‐
cordance however varied with a range of.16 to.81, which could be the result of error of
measurement or the experience of the clinicians [67]. The total classification accuracy rated
at 96%, however, the ASRS showed moderate levels of concurrent validity and sensitivity
but high levels of specificity [69].
Millon Clinical Multi-axial Inventory-III. This test is primarily a self-report questionnaire that
assesses a wide range of information about an adult’s personality and emotional adjustment
[71]. Furthermore this instrument was designed as a diagnostic tool that yields information
about personality disorders as well as clinical syndromes [72]. The test consists of 175 ques‐
tions that are forced-choice, true-false items [73]. The MCMI III has 28 sub-scales, of which
are categorized into five different categories [71], i.e. Modifying Indices, Clinical Personality
Patterns, Severe Personality Pathology, Clinical Syndromes, and Severe Syndromes. For the
purposes of this study base rate scores below 75 were considered to be indications of no
clinical significance, 75 – 84 as indicative of the presence of a personality trait, and 85 and
higher as persistent personality traits [73].
The results for the internal consistency was :66 for the compulsive scales and 0.90 for major
depression, and the Cronbach alpha’s for the remaining 26 scales exceeded.80, showing
strong internal consistency [73]. Test-retest reliability scores indicated the lowest score of.82
for debasement and the highest was.96 for somatoform, of which the median test-retest coef‐
ficient was.91, which shows stability of the instrument over time [71].
Construct and concurrent validity is tested by looking at how well the instrument performs in
different populations and how much value it has in the real world [73]. The manner in which
this is achieved was by comparing the MCMI to accepted standards achieved by other tests,
comparing the scales on the MCMI to other scales on different tests [73]. It was identified that
there is a high correlation between the scales of the MCMI-III and seven different tests, namely
the symptom checklist-90, the Beck Depression Inventory, the State-Trait Anxiety Inventory,
the General Behaviour Inventory, the Minnesota Multiphasic Personality Inventory (MMPI),
the Michigan Alcoholism Screening Test and the MCMI-II [71]. The correlations on most of the
scales where good, with some having negative scores, but these items were not related to the
specific scales on the MCMI-III. Further evidence to assess how well the MCMI-III scales meas‐
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ure what they say they measure is by calculating the positive predictive power, which was re‐
markable showing a range of.30 to.80 [71]. The MCMI-III has proven construct validity and
diagnostic validity, by comparing test items with other tests and by comparing clinical judge‐
ment with the results indicated from the scales on the MCMI-III [73].
Biopac MP Systems Hardware. The research question is concerned with the nature of the intra‐
cranial electrical currents of adults with ADHD symptomatology. Therefore EEG recording
is appropriate for this study in that it records the electrical activity of cortical nerve cells in
the brain [74]. It is noteworthy to mention that cortical activity is presented in waveforms
and is measured in terms of amplitude and frequency [75]. Amplitude is expressed in micro‐
volts (µV), EEG power is defined by the square of amplitude (µV2) and frequency is defined
as the number of oscillations, or cycles, within a given time frame, or epoch, and is meas‐
ured in hertz (Hz) [76].
This study employed the Biopac MP Systems Hardware [77] for the assessment of cortical
activity. The system is considered to be commercial EEG equipment utilised in the data ac‐
quisition and analysis for life science research. The recording technique utilised by this sys‐
tem is an ethically approved, non-invasive, safe and painless procedure [78]. In order to
ensure the quality of research, the EEG methods employed in this study are informed by
various other EEG studies that employed quantitative EEG techniques [75] as well as stand‐
ardised guidelines for the technologic recording and quantitative analysis of EEG activity in
the research context [79].
A final matter to consider in this section is the reliability and validity of EEG recordings. Vari‐
ous researchers report that EEG recordings are reliable, in that the intra-individual stability of
EEG is stable over time (over a period of 10 to 90 days) [80,81]. The validity of EEG research de‐
pends on the concepts of sensitivity and specificity [76]. In ADHD research, sensitivity refers to
the percentage of ADHD individuals who present with an abnormal EEG while specificity re‐
veals the percentage of non-ADHD subjects who indicate a normal EEG [76]. In a literature re‐
view of several studies, it was concluded that EEG methods in ADHD research typically
demonstrate good sensitivity (90% to 97%) and sound specificity (84%-94%)[76].
3.2.4. Procedure
All potential participants were required to complete the ASRS and MCMI for screening pur‐
poses. Based on the scores on these instruments they were allocated to different groups, or
where they did not meet the criteria for any of the groups, were excluded from further stud‐
ies. As explained previously, the sample for the EEG study was drawn from this pool. Po‐
tential participants were approached to participate in the EEG study.
Upon arrival to the research laboratory participants were requested to sit in the allocated
chair. The researcher and EEG equipment was situated outside of the participants direct line
of sight. Participants were then oriented to the Biopac MP Systems Hardware equipment,
and was further provided with an opportunity to ask questions. The researcher enquired
about whether participants adhered to the instruction to refrain from the aforementioned
substances 24 hours before the assessment. Participants were informed that during the data
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acquisition phase they will engaged in a three minute eyes-closed task. Participants were al‐
so instructed to remain as physically still as possible in order to limit muscle contamination
throughout the entire assessment, and were requested to avoid speaking during the assess‐
ment as a further attempt to avoid contamination of results.
In the data acquisition phase subjects were fitted with an electrocap in accordance with the
10-20 International system of electrode placement. In order to tap the fronto-parietal atten‐
tion network, electrodes were grouped into three areas: frontal (F3 and F4), frontal midline
(Fz) and parietal (P3 and P4) sites (see Figure 1.). EEG signal for all subjects was recorded
under an eyes-closed condition. Eye movements were monitored by electrodes placed on
the outer canthus of each eye for horizontal movements and by electrodes above the eye for
vertical movements. EEG signal was recorded using AcqKnowledge software and BIOPAC
MP Systems hardware. Impedance was kept below 5Kohm (kΩ) and a sampling rate of
200Hz was applied. Continuous EEG data was reviewed off-line. Segments containing head
and eye movement as well as muscle artefact were removed from further analysis. Subse‐
quently, six two second epochs were extracted for the eyes-closed condition and for each of
the cortical sites investigated and for the four frequency bands: delta (1-4Hz); theta (4-8Hz);
alpha (8-13Hz); and Beta (13-20Hz). EEG data was Fast Fourier transformed (FFT) (Hanning
window) and subsequently log transformed (In).
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Fp2
20%
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F3

Fz

F4
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T3

A1

C3
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A2
20%
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20%

10%

Figure 1. International 10-20 System of Electrode Placement (Adapted from [75])
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3.2.5. Results
3.2.5.1. Personality disorder
In order to gain a meaningful picture of Personality Disorders in ADHD, and therefore a
better picture of maturational lag versus maturational deviation, the data gained from the
MCMI-III was used in different ways. Firstly the average base rate scores (interval scale)
were compared between the groups, thereafter the scores were categorised into 3 categories
(Ordinal scale), i.e. <75, 75-84 and 85>, where after the groups were compared, and lastly,
based on the categorisation of the data, number of personality disorders per individual, per
group are reported.

ADHD (n=51)

Non-ADHD(n=43)

Histrionic

Narcissistic

Antisocial

Borderline

Mean

50.6

58.5

61.4

55.4

Std. Dev

23.6

21.7

14.3

21.7

Min

0

15

35

0.0

Max

95

110

90

92.0

Mean

60.1

55.9

43.6

38.4

Std. Dev

23.3

20.8

19.1

22.4

Min

4

15

8

0.0

Max

98

98

82

85.0

Table 3. Descriptive statistics for the 4 groups for the interpersonal sub-scales

70
60
50
40
ADHD
30

non-ADHD

20
10
0
Histrionic

Narcissist ic

Antisocial

Borderline

Figure 2. Mean scores of the 4 Cluster B Personality Scales for the 2 groups
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In terms of the average base rate scores, Table 3 and Figure 2 reflected that the two groups
were more or less equal in terms of Narcissism and that the non-ADHD group had a higher
average score on the Histrionic, but significantly lower scores on both the Anti-Social and
Borderline scales (See Tables 3 and 4). Of particular importance is that none of the average
scores were higher than 75, indicating that neither of the two groups displayed typical per‐
sistent personality traits.
Histrionic

Narcissistic

Antisocial

Borderline

Mann-Whitney U

861.0

980.5

502.5

612.5

Wilcoxon W

2187.0

1926.5

1448.5

1558.5

Z

-1.791

-.882

-4.521

-3.678

p

0.07

0.38

0.000***

.000***

Where: ***: p<0.001
Table 4. Differences between ADHD and Normal groups for the interpersonal sub-scales

Interpreting only the differences in base rate scores of the MCMI can be misleading, there‐
fore the scores of individuals for each of the scales was categorised into one of three catego‐
ries, i.e. Low (<75), High (75-84) or Significant (84>) (See Table 5).

Histrionic

Narcissistic

Anti-social

Borderline

Low score

High score

Significant score

<75

75 - 84

85>

Total

N

N

N

N

ADHD

42

5

4

51

nADHD

30

4

9

43

Total

72

9

13

ADHD

41

3

7

51

35

2

6

43

Total

76

5

13

94

ADHD

37

12

2

51

nADHD

39

4

0

43

Total

76

16

2

94

ADHD

40

8

3

51

nADHD

41

1

1

43

Total

81

9

4

94

nADHD

Table 5. Number of participants per category of Cluster B Personality scores

33

34

Attention Deficit Hyperactivity Disorder in Children and Adolescents

When investigating the data in this way, the results indicate that there were significant dif‐
ferences between the 2 groups on all of the subscales (See Table 6).
Histrionic

Narcissistic

Borderline

Anti-social

Chi-Square

79.43

96.53

118.5

98.64

Df

2

2

2

2

Significance

.000***

.000***

.000***

.000***

Where: ***: p<0.0001
Table 6. Chi Square for differences between the 2 groups

Given these results, a frequency analysis was done to determine how many elevated scores
(85>) an individual participant had (See Table 7).
Number of Personality Disorders

ADHD

nADHD

0

39 (76.5%)

39 (90.7%)

1

9 (17.6%)

4 (9.3%)

2

2 (3.9%)

0 (0.0%)

3

1 (2%)

0 (0.0%)

Total

51

43

Table 7. Number of Personality Disorders per group

These results, from a maturational deviation perspective are meaningful in that the majority
of the ADHD participants (76%) did not show any evidence of a Cluster B Personality Disor‐
der. If one assumes that ADHD is due to maturational lag, and that Cluster B Personality
Disorders are also due to maturational lag, then these results seriously challenge this as‐
sumption. Given the fact that a higher percentage of ADHD (27.5%) showed indications of
one or more Cluster B Personality Disorders than the non-ADHD group (9.3%), there seems
to be evidence of a possible maturational deviation process.
3.2.5.2. EEG results
This part of the study focussed the brain’s intracranial electrical currents and potentials, in
other words cortical activity, of adults with ADHD, and those with no ADHD symptomatol‐
ogy. The patterns that are of particular concern are the activity (elevation or suppression) of
the four frequency bands (delta, theta, alpha and beta).
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The study focused on two domains of investigation: power spectral and ratio coefficients. Pow‐
er spectral studies concerns the calculation of absolute and relative power estimates [20].
• Power spectral density or the power spectrum “… reflects the ‘frequency content’ of the
signal or the distribution of signal power over frequency” [82, p. 806]. For the power spec‐
tral domain the analysis was concerned with two spectral parameters, i.e.:
• Relative power is determined by the amount of EEG activity in a frequency band divided
by the sum of the other bands [75].
• Absolute power is the amount for one specific frequency band without its relationship to
the other bands [79].
• Ratio coefficients refers to the ratio between power in different frequency bands [20].
These two domains of investigation were selected on the basis that they are the most common
and often preferred means of investigation for ADHD studies [20]. The mean values obtained
for the ADHD and non-ADHD group, per area of the brain investigated and per frequency
cluster were employed in obtaining the values for the domains of investigation. The above‐
mentioned equations were applied and subsequently, the absolute, relative and power ratios
were determined. Note that for this study frequency parameters are set as follows: delta
(1-4Hz); theta (4-8Hz); alpha (8-13Hz); and Beta (13-20Hz). The Greek symbols employed to de‐
note the different waves include: delta as δ; theta as θ; alpha as α; and finally beta as β. As far as
the experimental condition is concerned, the abbreviation of EC is employed.
In order to address the research question a between-subjects analysis of diagnostic group
differences was applied. Seeing that the small sample size was not representative of the
greater population, nonparametric statistical procedures were employed [85]. Subsequently
the Mann-Whitney U-test was applied with the use of SPSS software. The Mann-Whitney U
test is the nonparametric alternative to an independent t-test. The Mann-Whitney U test is
appropriate for the between-subjects analysis because it compares differences between two
independent groups, in this case ADHD with non-ADHD [85].
In Table 8 the absolute mean power (µV2) and Table 9 the relative mean power for the different
frequency bands for the different cortical areas across the different conditions are reported. The
table is formatted in this way as to compare the ADHD sample with the non-ADHD sample ac‐
cording to the four frequency clusters and according to the area of the brain investigated.
The results of the resting EEG reveal elevated ADHD relative theta activity at frontal mid‐
line sites. This finding is consistent with childhood and adolescent research that is sugges‐
tive of a maturational lag and developmental deviation profile. Increased relative theta
activity is also indicated in the ADHD studies of [18,19] as well as Clarke et al. (2008b) at
frontal midline sites. Although it was also expected that theta activity would be elevated in
frontal sites, this was not confirmed in the present study. Moreover, the elevation or de‐
crease of theta activity is not documented widely for parietal sites in ADHD literature. How‐
ever, an interesting observation that was not indicated for the initial expectations for the
current study is the presence of decreased absolute theta for the ADHD sample at parietal
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sites. The reduction of absolute theta at parietal sites is also not supported in the other six
ADHD studies mentioned [10, 18, 19, 61,31,33].
The results of the resting EEG further reveal elevated theta/beta and theta/alpha ratios at
frontal midline sites. These results are consistent with child and adolescent research that are
suggestive of a developmental deviation profile. These results are also indicated in the
ADHD studies of [18, 19, 33].
The resting EEG of the current study also indicates decreased relative beta power for the
ADHD sample in the frontal midline area. These results are in line with child and adolescent
research that are suggestive of a developmental deviation profile. Of the six ADHD studies
[10, 18, 19, 31,33, 61] identified in the current author’s literature search, none of the authors
confirm such results. Also, although decreased beta power was expected for frontal and
frontal midline sites, the finding was only apparent for the frontal midline area.
ADHD

non-ADHD

Mann-Whitney U

Wilcoxon W

Z

Between group differences
p

Frontal
δ

0.0191

0.0210

35.5

90.5

-0.78

0.44

θ

0.0549

0.0588

38.0

93.0

-0.57

0.60

α

0.0444

0.0476

34.5

89.5

-0.86

0.40

β

0.0171

0.0178

38.5

93.5

-0.54

0.59

δ

0.0106

0.0070

34.0

79.0

-0.91

0.40

θ

0.0304

0.0241

35.0

80.0

-0.82

0.45

α

0.0234

0.0206

38.5

83.5

-0.53

0.60

β

0.0082

0.0074

39.5

84.5

-0.454

0.66

δ

0.0171

0.0317

20.5

75.5

-2.01

0.04*

θ

0.0459

0.0696

20.5

75.0

-2.05

0.04*

α

0.0358

0.0513

21.0

76.0

-1.96

0.05

β

0.0129

0.0211

19.5

74.5

-2.09

0.04*

Midline

Parietal

Where: *: p<0.05
Table 8. Absolute Mean Power (µV2) for the ADHD (n=10) and the non-ADHD (n=9) Groups
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ADHD

non-ADHD

Mann-Whitney U

Wilcoxon W

Z

Between group differences
p

Frontal
δ

13.0985

13.5419

39.5

84.5

-0.45

0.50

θ

40.7944

40.6344

39.0

84.0

-0.49

0.66

α

33.4839

33.4904

40.0

85.0

-0.41

0.72

β

12.6232

12.3331

42.0

87.0

-0.25

0.80

δ

12.6778

11.7963

34.0

79.0

-0.91

0.40

θ

41.9948

40.9362

0.00

45.0

-3.68

0.000***

α

33.6352

35.0017

11.0

64.0

-2.94

0.004**

β

11.6922

12.2656

15.0

70.0

-2.45

0.01**

δ

14.0345

16.4011

20.5

75.5

-2.01

0.04*

θ

40.8777

40.1942

30.0

75.0

-1.23

0.24

α

33.1763

31.1389

29.0

74.0

-1.31

0.21

β

11.9112

12.2660

26.0

81.0

-1.55

0.13

Midline

Parietal

Table 9. Relative Mean Power (µV2) for the ADHD (n=10) and the non-ADHD (n=9) Groups

The results of the resting EEG further reveal decreased absolute alpha and beta activity for the
ADHD sample at parietal sites. These findings are observed in child and adolescent research
that are consistent with the maturational lag and developmental deviation profile. The results
however have not been indicated in the six ADHD studies identified in the literature search.
ADHD

non-ADHD

Mann-Whitney Wilcoxon W

Z

U

Between group
differences (p)

Frontal
θ:β

3.28

3.30

42.0

97.0

-0.25

0.84

θ:α

1.23

1.23

39.5

94.5

-0.45

0.66

θ:β

3.69

3.33

6.0

51.0

-3.19

0.001**

θ:α

1.28

1.17

2.0

47.0

-3.52

0.000***

θ:β

3.63

3.98

21.0

66.0

-1.96

0.05

θ:α

1.27

1.34

43.0

98.0

-0.16

0.91

Midline

Parietal

Where ** p<.01 and *** p<.001
Table 10. Mean Power Ratio Values for the ADHD (n=10) and the nADHD (n=9) groups
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3.2.5.3. Conclusion
The current study’s results contribute to the neurobiological and pathophysiological infor‐
mation of ADHD and are important for the advancement of aetiological theorising in the
field. Of particular relevance is the interpretation of data in accordance to the maturational
lag and developmental deviation model. The abovementioned results are consistent with
child and adolescent research that support both models. Hence this brings forth the question
of which model more adequately describes the aetiological bases that may be related to the
phenomenon of ADHD.
Given the overlap between the neurocognitive symptoms between ADHD and Personali‐
ty Disorders (specifically Cluster B), the first part of the study investigated the preva‐
lence of Personality Disorders in ADHD. The rationale for this was twofold, i.e. there is
evidence to suggest that Cluster B disorders may be the result, as is the case with
ADHD, of maturational lag, therefore, if this is true, all adults with ADHD should show
signs of at least one Cluster B personality disorder. The results of the study indicated
that the majority of the adults with ADHD did not show any significant signs of a Clus‐
ter B personality disorder. However, there were more ADHD adults showing signs of
more than one personality disorder than those adults without ADHD. If one stays with
the assumption that there is a neurocognitive component to personality disorders, this
may be indicative of maturational deviation.
These findings seem to suggest that (1) ADHD cannot be viewed as a homogeneous disor‐
der with the same underlying neurodevelopmental processes, and (2) childhood ADHD
does not necessarily progress into a personality disorder (see Figure 6), therefore there is
room for both an Axis I and Axis II diagnosis in adults with ADHD. One of the problems
considering ADHD as a homogenous disorder is that it may suggest a single course with a
single outcome. Research, however, suggests that there may be multiple outcomes, i.e. re‐
mission in adolescence or continuation into adulthood. If there is an assumption of multiple
outcomes, it should firstly indicate that this is not a homogenous disorder, and secondly it
implies that there are different etiological pathways as well. Before one can draw a final con‐
clusiuon about these statements, it is important to also review the EEG results of the ADHD
participants.
In order to further investigate the maturational lag vs. maturational deviation theory of
ADHD, an EEG study, was done on a smaller sample. The maturational lag model sug‐
gests that ADHD behaviours are a consequence of a neurodevelopmental lag [8]. It fur‐
ther denotes that individuals with ADHD symptoms present with cortical activity
patterns that are similar to that witnessed in younger children [8, 20]. Moreover it is ac‐
cepted that cortical development is expected to ‘catch up’ and remit in adolescence [6].
The developmental deviation model denote that the cortical activity of individuals with
ADHD symptoms are not considered normal at any age and is not likely to mature in a
normal fashion [20].

Maturation
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Normat ive
Lag
Deviat ion

1-4

5-9

10-13

14-17

18-22

23-25

Figure 3. Comparison of normative, maturational lag and maturational deviation models of slow wave activity across
developmental stages

Figure 4. Comparison of normative, maturational lag and maturational deviation models of fast wave activity across
developmental stages

As mentioned already, the results of the current study are in line with the ADHD results of
[10, 18, 19, 33] who indicate elevated slow wave activity and increased theta/beta and theta/
alpha ratios. Seeing that EEG aberrances are clearly indicated in adult samples, it does not
confirm the maturational lag’s assumption that cortical maturation will eventually ‘catch up’
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[6, 20]. Instead, the data suggests that ADHD symptoms do persist for some individuals into
adulthood. The results further support the developmental deviation, which suggests that
ADHD behaviours are related to the disorganisation of wave activity that deviates from nor‐
mal development [17, 20]. The deviation is revealed in the results wherein the cortical activi‐
ty patterns remain aberrant and have not normalised in the ADHD sample. Taken together,
the results of the current study confirms [18] notion that since abnormalities of the EEG per‐
sists into adulthood for the ADHD sample, the data is indicative of a more persistent devel‐
opmental deviation for some individuals with the disorder and that not all individuals who
present with the disorder will eventually outgrow it.
Up to this point the results of the resting EEG suggests that the data obtained is more sugges‐
tive of a developmental deviation than a maturational lag. However, as mentioned already, the
results of the current study indicates increased relative theta and consequently elevated theta/
beta and theta/alpha ratios as well as decreased relative beta at frontal midline sites for the
ADHD sample in comparison with controls. This profile displays an elevation in slow wave ac‐
tivity and a decrease in fast wave activity. Although this profile is clearly indicated in develop‐
mental deviation and maturational lag models, the maturational lag model provides the
qualitative and aetiological information that links this profile with ADHD behaviours.
EEG support of the maturational lag model reveals in its findings cortical activity patterns that
are similar to that witnessed in younger children [10, 20]. In accordance to Kinsbourne [5], the
father of the model’s ideas, the cortical activity patterns that limit the performance of younger
children are synonymous to that which typically compromises the performance of individuals
with ADHD symptomatology [10, 20]. Recent normative databases suggest that absolute
and/or relative slow wave activity (delta and theta) is elevated in childhood and is the highest
shortly before puberty, where after it declines by 60% and finally slows down in its decline af‐
ter the age of 17 [83, 84] (see Figure 3). Following puberty, fast wave activity (alpha and beta) re‐
portedly increases [86]. Finally, between the ages of 25 to 30 years the cortical thickening and
thinning (myelination) stabilises and the process of growth spurts and oscillations in terms of
cortical activity lessens and normalises [86]. In relation to normative EEG data it is evident that
the increase in slow wave activity and decrease in fast wave activity would be more evident in
younger children before puberty commences. Hence it appears that the ADHD type behav‐
iours of the current ADHD sample may be aetiologically related to the patterns of cortical activ‐
ity that typically limit the performance of younger children.
The abovementioned paragraphs elicit information that has implications for the interpreta‐
tion and advancement of aetiological theorising according to EEG-based models of ADHD.
The developmental deviation denotes that the EEG aberrances observed in individuals with
ADHD symptoms are not normal in individuals of any age [20]. However, as indicated
above, the cortical activity patterns observed in the ADHD sample is synonymous to that
which is often observed in younger children. Hence, the data supports the assumption that
cortical maturation deviates from normal development and that the deviation is more per‐
sistent; however, it does not support the notion that the resting EEG observed is not similar
to patterns witnessed at any particular age. Also, the presence of this profile in ADHD EEG
research does not automatically serve as evidence of a maturational lag. The reason for this
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is because the observation of EEG activity, that is similar to that witnessed in younger chil‐
dren in one point in time, does not suggest that those patterns will eventually ‘catch up’.
A further matter to consider in relation to the resting EEG of the current study is the posteri‐
or-anterior time course of cortical development. It is evident that the results of the current
study yield EEG aberrances in parietal, frontal and frontal midline sites for the ADHD sam‐
ple. As discussed previously, the posterior-anterior time course of cortical development sug‐
gests that the cortical activity in posterior regions mature more rapidly than frontal regions
[87]. When cortical development follows this pathway, delta, theta and alpha develop first
from birth in occipital regions and only appear later in parietal and central regions and final‐
ly in frontal regions [26].
The results of the current study indicate deviations in the EEG for the ADHD from the con‐
trol group that are present in early-maturing (parietal area) and later-maturing (frontal and
frontal midline area) sites. If maturation were seen to ‘catch up’ in the ADHD sample, then
the greatest between- group differences would only have been indicated at frontal sites [26].
Hence, the data is not suggestive of development that is slow to ‘catch up’ but again sug‐
gests that development in the ADHD sample is indicating a more persistent deviation and
disorganisation of wave activity [20, 30]. In Figure 5, a summary is provided of evidence for
both a maturational lag and deviance model.

Figure 5. Cortical Activity Patterns of ADHD in Resting Conditions
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It must be emphasised that this study was exploratory in nature, and in many ways it result‐
ed in more questions than answers. What the study did do however, was to highlight some
problems in our interpretation of quantitative data. The first of these is the problem of the
average. The conclusion drawn from averages does not include a satisfactory explanation for
the variance, i.e. in terms of maturational lag, as the findings suggest that there is a distinct
possibility that some of these reach cortical maturity at the same rate as non-ADHD children
(i.e. those at the higher end of the distribution), and that there are those who may reach this
much longer after the 3 year average (i.e. those at the lower end of the distribution). At both
ends of the distribution, it opens the possibility for maturational deviance as symptoms are
present, but cannot be explained fully by the maturational lag theory (See Figure 6). In line
with this above argument, even within studies, not all cortical areas are affected in the same
way. This is, in essence, not problematic, however, formulating a general maturational lag
model is, as it seems to imply that there is general maturational lag. Furthermore there are
studies that report maturational lag, but include discrepant findings in cortical areas which
are explained asymmetrical maturation. The question that arises is whether this should then
be considered as maturational lag or maturational deviance.

Figure 6. Multiple outcomes of ADHD in adulthood

A common theme which runs through all the studies, and may account for many of the
comments above, is that ADHD is often considered to be a homogenous disorder. It is
quite possible that maturational lag would best account for a certain sub-group, and de‐
viance for others (See Figure 6). If we are going to gain more insight into the etiology of
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this disorder, we need to review our research methodologies. It is argued that many of
the confounding / contradictory results is the way in which studies are conceptualised.
In this regard, the sampling of participants needs to be more focused, as current studies
seem to include mainly the combined sub-type of ADHD [6].If this were true, it would
not be inaccurate to state that very little is known about brain maturation in children
with the inattentive subtype. It is therefore imperative that sampling be done much more
specifically and that subtypes are compared to each other. Furthermore, one needs to de‐
viate from the common practice to exclude participants with both ADHD and comorbid
conditions and rather group these participants together based on disorders that are alike
in both symptomotology and theoretical etiology.
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