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Abstract

Studies of children with attention deficit/hyperactivity disorder (ADHD) have typically found elevated levels of
slow wave activity in their EEGs, but in two of our previous studies, a small subset of ADHD children with excess
beta activity in the EEG was identified. The aim of this study was to determine whether children with excess beta
activity represent a distinct electrophysiological subtype of ADHD, to quantify the differences in their EEGs, and to
determine if this group of children with ADHD have behavioural profiles different from other children with ADHD.
Results indicated that children with excess beta represent a small independent subset of children diagnosed with
ADHD, which primarily consists of children with a diagnosis of ADHD combined type. Behaviourally, this group was
similar to other children with ADHD, although the excess-beta group were more prone to temper tantrums and to be
moody. The excess in beta activity was found primarily in the frontal regions and may be associated with frontal lobe
self-regulation and inhibition control. © 2001 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction Satterfield et al., 1973b). Increased relative delta
) ) ) ) . activity in posterior regions is also common in
Children with attention deficit/hyperactivity children with ADHD (Matousek et al., 1984).

disorder (ADHD) typically have increased elec- Mann et al. (1992) found children with ADHD
troencephalographic (EEG) slow wave activity,

primarily in the theta band, compared to normal
children (Capute et al., 1968; Wikler et al., 1970;

had an increase in absolute amplitude in the
theta band, which primarily occurred in frontal
regions during a resting condition. During cogni-
tive tasks, ADHD children showed a greater in-
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developmental changes in the EEGs of normal
children, these results have been interpreted as
ADHD representing either a maturational lag
(Mann et al., 1992) or a developmental deviation
(Chabot and Serfontein, 1996) of the central ner-
vous system.

As a child becomes older, developmental
changes occur in the EEG (Wada et al., 1996;
Clarke et al., 2001a), with a reduction in slow
wave activity and an increase in faster waveforms
(Matthis and Scheffner, 1980). Delta, theta and
slow alpha decrease with age and faster wave-
forms increase, with a strong complementary de-
crease in theta and increase in alpha being identi-
fied (Gasser et al., 1988). These changes in the
frequency of the EEG appear to be linear in
nature and can be predicted with a high degree of
accuracy for relative power, based on age (John et
al., 1980). However, the differences within an age
group appear to be greater than the differences
between age bands (Benninger et al., 1984). It is
from these results that a maturational lag model
of ADHD has been proposed.

In two of our previous ADHD studies (Clarke
et al., 1998, 2001b) a subset of ADHD children
with excessive levels of beta activity was identi-
fied. In both of the studies, the subset constituted
approximately 20% of children with ADHD Com-
bined Type (ADHDcom), using DSM-IV criteria
(American Psychiatric Association, 1994). One
subject with a diagnosis of ADHD Predominantly
Inattentive Type (ADHDin) was also identified in
our second study (Clarke et al., 2001b). Chabot
and Serfontein (1996) are the only other investi-
gators to have documented the existence of this
subset of children with ADHD. In their study,
approximately 13% of ADHD children were found
to have excess beta activity.

Beta activity rarely occurs in children and
adolescents and should not exceed 25 .V in am-
plitude (Fisch, 1994). In normal awake children,
Kellway (1990) found beta activity was 20 wV or
less in 98% of subjects and less than 10 wV in
70%. Increased levels of beta activity have typi-
cally been associated with drug usage (Kozelka
and Pedley, 1990) and beta can be increased by
the use of benzodiazepines (Pichlmayr and Lips,
1980; Glaze, 1990). Studies of beta activity have

found excessive levels in patients with psychiatric
illnesses (Gibbs and Gibbs, 1950). Increased beta
activity has been found in schizophrenia (Morihisa
et al., 1983) and major depressive disorders (Pol-
lock and Schneider, 1990) and is also associated
with anxiety (Kiloh et al., 1981).

The aim of this study was to ascertain the
percentage of children diagnosed as having
ADHD who have excess levels of beta activity in
their EEG and to determine how their EEGs
differ from those of other children with ADHD.
A second aim was to determine if ADHD chil-
dren with excess beta activity have behavioural
profiles different from those of other children
with ADHD.

2. Method
2.1. Subjects

Two hundred and ninety-eight children diag-
nosed with ADHD and 80 control subjects partic-
ipated in this study. Two hundred and eight sub-
jects were diagnosed as ADHDcom and 90 were
diagnosed as having ADHDin. All children were
between the ages of 8 and 12 years and right-
handed and -footed. Subjects had a full-scale
WISC-III 1Q score of 85 or higher. The clinical
group of children was drawn from new patients
referred to a Sydney-based pediatric practice for
an assessment for ADHD. The ADHD subjects
had not been diagnosed as having ADHD previ-
ously, had no history of medication use for the
disorder, and were tested before being prescribed
any medication. The control group consisted of
children from local schools and community
groups.

Inclusion in the ADHD groups was based on a
clinical assessment by a pediatrician and a psy-
chologist; children were included only where both
agreed on the diagnosis. DSM-IV criteria were
used and children were included in either the
ADHDcom or ADHDin groups if they met the
full diagnostic criteria for the subtype. A struc-
tured clinical interview was used in the assess-
ment of all subjects. This incorporated informa-
tion from as many sources as were available. The
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interview included a description of the presenting
problem and a medical history given by a parent
or guardian, a physical examination, assessment
for neurological ‘soft signs’, review of school re-
ports for the past 12 months seeking information
on behavioural /learning problems, reports from
any other health professionals, and behavioural
observations during the assessment. Handedness
was assessed by ascertainment of the hand used
for writing, catching and throwing a ball and
holding a bat, and the foot used to kick a ball.
Children were excluded from the ADHD groups
if they had a history of a problematic prenatal,
perinatal or neonatal period, a disorder of con-
sciousness, a head injury with cerebral symptoms,
a history of central nervous system diseases, con-
vulsions or a history of convulsive disorders,
paroxysmal headaches or tics.

Inclusion in the control group required: an
uneventful prenatal, perinatal and neonatal pe-
riod; no disorders of consciousness, head injury
with cerebral symptoms, history of central ner-
vous system diseases, obvious somatic diseases,
convulsions, history of convulsive disorders,
paroxysmal headache, enuresis or encopresis af-
ter the fourth birthday, tics, stuttering, pavor noc-
turnes or excessive nailbiting; and no deviation
with regard to mental and physical development.
The CPRS-48 Connors rating scale was used, with
subjects who scored above a T-score of 65 on any
of the six measures being excluded. Assessment
for inclusion as a control was based on a struc-
tured clinical interview, with a parent or guardian,
similar to that of the ADHD subjects and utilising
the same sources of information.

Children were excluded from all groups if spike
wave activity was present in the EEG. Any chil-
dren who showed signs of depression, anxiety,
oppositional behaviour, conduct disorders or syn-
dromal disorders were also excluded from this
study.

2.2. Procedure

All subjects were tested in a single session
lasting approximately 2.5 h. Subjects were first
assessed by a pediatrician; a physical examination
was performed and a clinical history taken. Sub-

jects then had a psychometric assessment consist-
ing of a WISC-III, Neale Analysis of Reading and
Wide Range Achievement Test-R, spelling. At
the end of this assessment, subjects had an elec-
trophysiological assessment consisting of evoked
potentials and an EEG. The EEG was recorded
at the end of this session with an eyes-closed
resting condition in which subjects were seated on
a reclining chair. Electrode placement was in
accordance with the international 10-20 system,
using an electrocap produced by Electrocap In-
ternational. The activity in 21 derivations was
divided into nine regions by averaging in each
region. These regions were the left frontal (Fpl,
F3, F7), midline frontal (Fpz, Fz), right frontal
(Fp2, F4, F8), left central (T3, C3), midline cen-
tral (Cz), right central (T4, C4), left posterior (T5,
P3, O1), midline posterior (Pz, Oz) and right
posterior (T6, P4, O2). A single electro-oculo-
gram (EOG) electrode referenced to Fpz was
placed beside the right eye and a ground lead was
placed on the left cheek. Linked ear references
were used with all EEG, and reference and ground
leads were 9-mm tin disk electrodes. Impedance
levels were set at less than 5 k().

The EEG was recorded and Fourier trans-
formed by a Cadwell Spectrum 32, software ver-
sion 4.22, using test type EEG, montage Q-EEG.
The sensitivity was set at 150 wV/cm, low fre-
quency filter 0.53 Hz, high frequency filter 70 Hz
and 50 Hz notch filter. The sampling rate of the
EEG was 200 Hz and the Fourier transformation
used 2.5-s epochs.

Thirty 2.5-s epochs were selected from the live
trace and stored to floppy disk. Epoch rejection
was based on both visual and computer selection.
Computer reject levels were set using a template
recorded at the beginning of the session, and all
subsequent epochs were compared to this. The
EOG rejection was set at 50 wV. The technician
also visually appraised every epoch and decided
to accept or reject it. Epochs were further re-
duced to 24 epochs (1 min) for Fourier analysis by
a second technician. The EEG was analyzed in
four frequency bands: delta (1.5-3.5 Hz), theta
(3.5-75 Hz), alpha (7.5-12.5 Hz) and beta
(12.5-25 Hz), for both absolute and relative
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power, as well as the total power of the EEG
(1.5-25 Ha).

2.3. Statistical analysis

The analysis of this data set was conducted in
three stages. In stage 1, the control subjects were
divided into two groups based on sex. Means and
standard deviations in the relative beta band were
calculated across sites for both groups of control
subjects. The EEGs of the ADHD subjects were
then compared to the means of the same-sex
control group. In ADHD subject was deemed to
have an excess of relative beta if the percentage
of beta power was greater than two standard
deviations above the control mean.

In stage 2, ADHD subjects with excess beta
were matched on age, sex and diagnosis with a
comparison group of subjects with ADHD, with-
out excess beta, and an age- and sex-matched
control group. An analysis of variance was per-
formed examining the effects of region and group
for each band in absolute and relative power. The
effects of region were examined in two orthogo-
nal three-level repeated-measures factors. The
first of these was a sagittal factor, within which
planned contrasts compared the frontal regions
with the posterior regions, and their mean with
the central regions. The second factor was lateral-
ity, within which planned contrasts compared ac-
tivity in the left hemisphere with that in the right
hemisphere, and their mean with the midline
regions. These planned contrasts and their inter-
actions allow optimal clarification of site effects
within the regions studied. Within the group fac-
tor, planned contrasts compared the ADHD sub-
group without excess beta activity with the control
group (to establish ADHD differences from nor-
mal and to provide a ‘typical’ ADHD comparison
group), and the excess beta group with both the
typical ADHD and control groups. These single
degree of freedom F tests obviate problems aris-
ing from asymmetry of the variance-covariance
matrix often found with repeated-measures analy-
ses of physiological data, and hence do not re-
quire Greenhouse-Geiser type adjustments. As all
these contrasts are planned, and there are no
more of them than the degrees of freedom for

effect, no Bonferroni-type adjustment to o is
required (Tabachnick and Fidell, 1989). Only
between-group effects and interactions are re-
ported here for space reasons.

In stage 3, only subjects diagnosed with the
ADHD combined subtype were included due to
numbers being too small to allow accurate analy-
sis of the ADHD inattentive subtype. The be-
havioural profile obtained in the diagnostic inter-
view was compared between the typical ADHD
group and the excess beta group. This included
behaviours listed in DSM-1IV for the diagnosis of
the ADHD combined type as well as any other
problematic behaviours that were reported in the
initial assessment.

3. Results
3.1. Age and I1Q

No significant age differences were found
between groups (see Table 1). However, the con-
trol group had a significantly higher mean IQ
than the typical ADHD group (¢ ,5, = 17.3, P <
0.001).

3.2. Prevalence of ADHD with excess beta

The percentages of ADHD subjects with excess
beta are presented in Table 2. From the total
sample of 298 subjects, 34 had excess beta. Excess
beta was found in approximately 15% of ADHD-
com subjects and 2% of subjects with a diagnosis
of ADHDin, with this difference in prevalence
being significant (X(zl) =10.76, P <0.001). Excess

Table 1
Mean (S.D.) ages and IQ scores for the excess beta, typical
ADHD and control groups

Control ~ Typical ADHD  Excess beta
group group group
Age (months) 1253 1235 123.6
(17.4) (19.8) (17.9)
Full scale IQ 107.5 98.7 102.9
(WISC-1ID (12.3) (11.2) 14.7)
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Table 2

Percentage of excess beta subjects by sex and diagnostic category

Total sample

Male subjects

Female subjects

Group ADHDcom ADHDin ADHDcom ADHDin ADHDcom ADHDin
(N =208) (N =90) (N =159) (N=51) (N =49) (N=39)
ADHD 84.6% 97.8% 81.2% 96.1% 96.0% 100%
Excess 15.4% 2.2% 18.8% 3.9% 4.0% 0.0%
beta

beta was more common among male ADHDcom
subjects than female ADHDcom subjects (X(zl) =
6.29, P < 0.05); no female ADHDin subjects were
found with excess beta.

A review of the EEGs found that the excess
beta activity was primarily located in frontal and
central electrode sites. Beta activity within the
group varied from excesses of normal amplitude
beta (Fig. 1, panel A), to high amplitude beta
(Fig. 1, panel B). Beta spindles were apparent in
10% of the beta group (Fig. 1, panel C). The
mean frequency ranged from 16.7 to 19.3 Hz in
frontal sites and 15.8 to 17.7 Hz in the posterior
sites. The beta group had a mean amplitude of
5.8 wV in the frontal regions and 4.7 pV in the
posterior regions. This compared with 2.9 pV
(frontal) and 3.5 wV (posterior), in the typical
ADHD group, and 3.1 pV (frontal) and 4.0 nV
(posterior) in the control group.

3.3. Typical ADHD vs. control group

A summary of significant group differences is
shown in Table 3. In absolute delta (Fig. 2, top
right), the typical ADHD group had more power
than the control group (F,g =735, P <0.01).
Laterally, the midline had greater power than the
two hemispheres, and this difference was greater
in the typical ADHD group than the control
group (F, 9 = 5.55, P < 0.05), with maximal power
occurring at the midline (Fig. 3, top right). In
relative delta (Fig. 4, top left), the difference
between the typical ADHD group and the control
group was greater in the frontal regions than the
posterior regions (F, 49 = 6.31, P < 0.05).

In absolute theta (Fig. 2, centre), the typical
ADHD group had more power than the control
group (F) g9 =15.88, P<0.001) and this differ-

ence was greater in the posterior regions than the
frontal regions (F, oy =5.45, P <0.05). Laterally
(Fig. 3, centre), the difference between the mid-
line and the two hemispheres was greater in the
typical ADHD group than the control group (F, 4
=16.7, P <0.001). The typical ADHD group had
more relative theta (Figs. 4 and 5, top right) than
the control group (F, ¢y =86.11, P <0.001). The
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Fig. 1. Representative 1-s epochs from: (a) normal amplitude
excess beta subjects; (b) high amplitude excess beta subjects;
(c) excess beta subjects with frontal beta spindles.
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difference between the midline and the two hemi-
spheres was greater in frontal regions than poste-
rior regions in the typical ADHD group com-
pared with the control group (F,q =8.38, P<
0.01).

The typical ADHD group had less relative al-
pha (Fig. 4, bottom left) than the control group
(Fyg9=3125, P<0.001). This difference was
greater in the posterior regions, compared with
the frontal regions (F, 4o =12.88, P <0.001) and
less at the central regions than the mean of the
frontal /posterior regions (F, 40 = 5.46, P <0.05).
In relative beta (Fig. 4, bottom right), the typical
ADHD group had less power than the control
group (F, 4 =12.49, P <0.001). No significant
differences were found in total power, absolute

Table 3
Summary of significant comparisons between groups

alpha or absolute beta (Fig. 2 and Fig. 3, top left,
bottom left and bottom right).

3.4. Excess beta vs. typical ADHD group

The excess beta group had less relative delta
(Figs. 4 and 5, top left) than the typical ADHD
group (F| g9 = 8.42, P <0.01), and this difference
was greater in the frontal regions in comparison
with the posterior regions (F, o9 = 8.87, P < 0.05).
Laterally, the difference between the midline and
the two hemispheres (Fig. 5, top left) was less in
the beta group than the typical ADHD group
(Fj99=5.12, P<0.05), and this difference was
greater in the frontal regions than the posterior
regions (F| g9 = 8.15, P <0.0D).

Absolute power

Relative power

Comparison Total Delta Theta Alpha Beta Delta Theta Alpha Beta
Typical ADHD vs. control
Main effect k3% k3 kokok sk ok s skok
Main effect X F vs. P * * ok
Main effect X F/P vs. C ¥
Main effect X L/R vs. M * ok
Main effect X F o

vs. PXL/Rvs. M
Excess beta vs. typical ADHD
Main effect *kskk kokok ok ok k3% s skok
Main effect X F vs. P * ek * ok ok
Main effect X F/P vs. C o
Main effect X L vs. R ek * *
Main Effect X L/Rvs. M ok * ok
Main effect X F o

vs. P X Lvs. R
Main effect X F o ok

vs. P XL/Rvs. M
Excess beta vs. control
Main effect ok * ok ok
Main effect X F vs. P ek ek * ek
Main effect X F/P vs. C ek ok
Main effect X L vs. R * ek *

k k3k

Main effect X L/R vs. M
Main effect X F
vs. P X Lvs.R

*%k *

Note. *P <0.05; **P < 0.01; ***P <0.001; F, frontal; P, posterior; C, central; L, left hemisphere; R, right hemisphere; M,
midline; F /P, mean of the combined frontal and posterior regions; L /R, mean of the combined left and right hemisphere regions.
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Fig. 2. Absolute power from frontal to posterior regions: Total Power (top left), Absolute Delta (top right), Absolute Theta (centre),

Absolute Alpha (bottom left), Absolute Beta (bottom right).

For absolute theta (Fig. 2, centre), the excess
beta group had less power than the typical ADHD
group (F, g9 =86.11, P <0.001), and this differ-
ence was greater in the posterior regions than the
frontal regions (F, 4= 6.69, P <0.05). The dif-
ference between the midline and the two hemi-
spheres (Fig. 3, centre) was less in the beta group
(F) 49 =8.88, P<0.01). In relative theta (Figs. 4
and 5, top right), the excess beta group had less
theta than the typical ADHD group (F, 49 = 7.98,
P <0.01). Laterally, greater power occurred in
the left hemisphere (Fig. 5, top right), and the
difference between the left and right hemispheres
was greater in the excess beta group (F, 49 = 5.26,
P <0.05).

The excess beta group had more relative alpha
(Figs. 4 and 5, bottom left) than the typical ADHD
group (F, o9 =7.54, P <0.01), and this effect was
greater in the posterior regions, compared with
the frontal regions (F) 4o = 11.14, P <0.001).

As expected, the excess beta group had greater
absolute beta (Fig. 2, bottom right) than the typi-
cal ADHD group (F, g9 = 60.15, P <0.001). This
difference was greater in the frontal regions than
the posterior regions (F, o9 = 23.4, P <0.001) and
less at the central regions than the mean of the
frontal /posterior regions (F, gy = 1432, P <
0.001). Laterally (Fig. 3, bottom right), the dif-
ference between groups was greater in the right
hemisphere than the left hemisphere (F, 4=
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19.28, P < 0.001), and this difference was greater
in the frontal regions than the posterior regions
(Fy99=9.5, P <0.01). That is, the excess absolute
beta was most apparent in the right frontal area.
The excess beta group also had more relative beta
(Fig. 4 and Fig. 5, bottom right) than the typical
ADHD group (F g9 = 164.66, P <0.001) and this
was greater in the frontal regions, compared with
the posterior regions (F) gy =109.13, P <0.001).
Laterally (Fig. 5, bottom right), the difference
between groups was greater in the right hemi-

sphere than the left hemisphere (F, g, =4.62, P
< 0.05). The difference between the midline and
the two hemispheres was greater in the excess
beta group (F) gy =21.27, P <0.001), with the
midline having less power than the two hemi-
spheres. This group difference was greater at the
frontal regions than the posterior regions (F, g9 =
8.68, P < 0.01). No significant group differences
or interactions were found in total power, abso-
lute delta or absolute alpha (Fig. 2 and Fig. 3, top
left, top right and bottom left).
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3.5. Excess beta vs. control group

The excess beta group had significantly less
relative delta (Fig. 4 and Fig. 5, top left) than the
control group (F, 4 =4.02, P<0.05), with the
difference being greater in the frontal regions
than the posterior regions (F, 4 =30.16, P <
0.001). The midline had less power than the two
hemispheres (Fig. 5, top left), with the difference
less in the excess beta group than in the control
group (F, 49 = 5.16, P <0.05).

In relative theta (Fig. 4, top right), the excess
beta group had a more posterior distribution than
the control group (F, ¢ = 6.19, P <0.05). Later-
ally (Fig. 5, top right), the excess beta group had
more theta in the left hemisphere compared with
the right hemisphere than the control group (F, g
=5.76, P < 0.05).

In absolute alpha (Fig. 3, bottom left) the dif-

ference between the excess beta group and the
control group was greater in the left hemisphere
than the right hemisphere (F, 4, = 6.38, P < 0.05),
with the difference being maximal in the left
posterior region (F, gy =6.83, P <0.01). Across
sites, the excess beta group had less relative alpha
(Fig. 4 and Fig. 5, bottom left) than the control
group (F, 49 = 8.09, P < 0.01).

The excess beta group had greater absolute
beta (Fig. 2, bottom right) than the control group
(F)99=4171, P<0.001). This difference was
greater in the frontal regions than the posterior
regions (F) g =31.58, P <0.001) and less at the
central regions than the mean of the
frontal /posterior regions (F, 4o = 13.9, P < 0.001).
Laterally (Fig. 3, bottom right), the difference
between groups was greater in the right hemi-
sphere than the left hemisphere (F, 4o = 14.23,
P < 0.001), with a maximal difference occurring at
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the right frontal region (F,gy=35.41, P <0.05).
The excess beta group had more relative beta
(Fig. 4 and Fig. 5, bottom right) than the control
group (F) g9 =84.72, P <0.001). This difference
was greater in the frontal regions than the poste-
rior regions (F) g9 =76.2, P <0.001) and less at
the central regions than the mean of the
frontal /posterior regions (F, 49 = 8.07, P <0.01).
In the frontal regions, the difference between the
midline and the two hemispheres was greater in
the excess beta group than the control group
(Fyg9=17.89, P <0.0D).

No significant group differences or interactions
were found in total power, absolute delta and
theta (Fig. 2 and Fig. 3, top left, top right and
centre).

3.6. Symptom profile differences

No significant differences were found between
the two ADHD groups’ behavioural profiles in

regard to the DSM-1V Hyperactive /Impulsive or
Inattentive checklists. Five behaviours, other than
those in the DSM-IV checklists, were noted in
the records of the diagnostic assessments. These
were poor self-esteem, moody /prone to temper
tantrums, situationally aggressive at home (not
sufficient to be diagnosed as having a conduct or
oppositional defiant disorder), easily frustrated and
socialisation problems. The only behaviour for
which a significant difference was found between
the typical ADHD and excess beta groups was
moody / prone to temper tantrums. Typical ADHD
children’s files noted this in 23.5% of cases, com-
pared with 76.5% of cases for the children with
excess beta (x¢, = 6.48, P < 0.05).

4. Discussion

A significant difference was found between the
I1Q scores of the control group and the two ADHD
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groups. Previous studies of ADHD have reported
similar differences, but this has not been con-
sidered likely to have affected the EEG results
(Satterfield et al., 1972; Clarke et al., 2001b). All
groups in this study had a mean IQ in the average
range, and as there were no significant IQ differ-
ences between the two ADHD groups (which are
the focus of this article), IQ is not likely to have
affected the present investigation.

Children with ADHD have generally been
found to have elevated slow wave activity when
compared with normal children (Capute et al.,
1968; Satterfield et al.,, 1973a; Satterficld and
Cantwell, 1974). Mann et al. (1992) found that
ADHD subjects had an increase in absolute am-
plitude in the theta band in frontal regions and a
decrease in beta in posterior regions. This was
confirmed by Lazzaro et al. (1998), who found
that the ADHD group had increased absolute
theta and alpha 1 activity in frontal regions and
reduced relative beta in posterior regions. Mat-
suura et al. (1993) found that children with ADHD
had a higher average amplitude of delta, higher
percentage time of delta and slow theta, and
lower percentage time of alpha than normal con-
trol subjects. Janzen et al. (1995) found that
ADHD children had a significantly higher theta
amplitude than control subjects. In the ADHD
groups, Chabot and Serfontein (1996) found an
increase in absolute and relative theta, with the
greatest increase being noted in frontal regions
and at the midline, in comparison with normal
control subjects.

Clarke et al. (1998, 2001b) found EEG differ-
ences between children with ADHDcom, AD-
HDin and control subjects. These differences oc-
curred across all sites, with the ADHD groups
having greater absolute and relative theta and
less relative alpha and beta than control subjects.
In posterior regions the ADHD groups had more
relative delta than the control group. In each of
these measures, the ADHDin group was posi-
tioned between the ADHDcom group and the
control group.

Chabot and Serfontein (1996) reported that
approximately 13% of children with ADHD had
excess beta activity. In two of our previous ADHD
studies (Clarke et al., 1998, 2001b), a subset of

the ADHD children was identified with excessive
levels of beta activity, constituting approximately
20% of children with ADHDcom. These children
were excluded from the group analyses in those
two studies. The present larger study found that
approximately 15% of children with ADHDcom
and 2% of children with ADHDin have excess
beta activity, which is consistent with these other
studies. The beta activity was of a higher ampli-
tude than in the typical ADHD and control
groups, but was still within the normal range
reported in other studies (Kellway, 1990). In the
frontal regions, beta activity varied from 16 to 19
Hz. These results are within the normal range
reported in our previous study (Clarke et al.,
2001b), which found beta frequencies in the con-
trol group to vary from 16 to 20 Hz. Beta in the
18-25 Hz range is often viewed as a medication
effect (Fisch, 1994), but in this study, no subjects
had a history of medication for ADHD and sub-
jects were not prescribed any other form of medi-
cation at the time of assessment. For this reason,
the beta levels cannot be seen as the result of
medication. In children, beta levels of up to 60
wV have also been found in stage 1 and 2 sleep
(Kellway and Fox, 1952). All our subjects were
constantly checked for drowsiness during the
recording of the EEG, and for this reason, the
results are not believed to be associated with the
subjects’ state of alertness.

Sex differences were also noted in this group,
with excess beta activity occurring more often in
male subjects. Within clinical settings, referral
biases have been found between males and fe-
males presenting for treatment (Arcia and Con-
ners, 1998). In comparison to boys with ADHD,
ADHD girls display greater intellectual impair-
ment and lower rates of hyperactivity and other
externalizing behaviours (Gaub and Carlson,
1997). It is possible that a referral bias in the
sample resulted in the identification of fewer fe-
males with excess beta activity rather than that
excess beta activity is a sex-linked characteristic.

To quantify exactly how the excess beta group
differed from typical ADHD subjects, a sex- and
age-matched ADHD group was used to compare
both EEG and behavioural differences. The ‘typi-
cal’ ADHD comparison group was first compared
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with normal control subjects, to determine
whether this group had EEGs which were consis-
tent with other ADHD studies. The typical ADHD
group had more absolute delta and frontal rela-
tive delta, greater absolute and relative theta, and
less relative alpha and beta than control subjects.
The typical ADHD group also had an increase in
frontal midline theta. These results are consistent
with our two previous studies (Clarke et al., 1998,
2001b).

The excess beta group had EEG profiles which
were different from both normal subjects and
typical ADHD subjects. In absolute power, the
excess beta group had less theta and more beta
than the typical ADHD group. The excess beta
group also had more fast wave activity in the
relative alpha and beta bands. In comparison to
this, the typical ADHD group was found to have
more slow wave activity, with significant group
differences being found in relative delta and theta.
No group differences were found in total power,
which would suggest that there was a replacement
of theta activity by beta in the EEG of the excess
beta group.

In both absolute and relative beta, maximal
group differences were found in the frontal re-
gions. Studies of children with ADHD have found
neuropsychological deficits which suggest that the
frontal cortex or regions projecting to the frontal
cortex are dysfunctional in at least some ADHD
children (Faraone and Biederman, 1998). In hy-
peractive children, these appear to be frontal-lobe
mediated self-regulation deficits, such as in in-
hibition control (Rubia et al., 1998). Neuropsy-
chological studies of subtypes of ADHD in adults
have found deficits in the area of executive con-
trol functioning, which could be linked to dysreg-
ulation of frontal lobe systems (Gansler et al.,
1998). Most of the subjects in the excess beta
group had a hyperactive component to their diag-
nosis, and as the excess beta activity predomi-
nated in the frontal regions, it would appear that
frontal lobe functioning is also involved in the
behavioural disorders found in this group of
ADHDcom subjects.

The only diagnostic behavioural difference
between the two ADHD groups was that the
excess beta group were more prone to temper

tantrums and were more moody. All other be-
havioural symptoms were the same in both groups.
Both mood and temper problems could be associ-
ated with dysfunction in the frontal-lobe systems
associated with self-regulation and inhibition con-
trol, although more research is needed to de-
termine why these systems are functioning in such
a different way in two groups of children who are
behaviourally very similar.

Although EEG studies of children with ADHD
have primarily found increased levels of slow wave
activity, the interpretation of what these results
represent has been contentious. Some re-
searchers have proposed that ADHD is the result
of a maturational lag in the CNS (Kinsbourne,
1973; Mann et al., 1992), while others have viewed
these results as representing a developmental de-
viation of the CNS (Chabot and Serfontein, 1996).
Bresnahan et al. (1999) investigated changes in
the EEG of ADHD subjects who where divided
into three age groups: children, adolescents and
adults. The results indicated that theta activity
remained elevated in adults, but there was a
decrease in beta activity with age. From these
results, and a consideration of symptom profiles,
it was suggested that beta activity may be linked
to hyperactivity and increased theta activity to
impulsivity, though this needed further investiga-
tion.

Clarke et al. (2001c) found that with increasing
age, power changed at a greater rate in the AD-
HDcom group than in the ADHDin group, with
power levels between the two groups becoming
similar with age. These results suggest that ADHD
has two components, with the hyperactive /impul-
sive component maturing with age and the inat-
tentive component remaining more stable. The
excess beta group in this study would have to be
viewed as having an EEG profile that represents
a developmental deviation of the CNS, rather
than a maturational lag. This EEG profile could
not be seen as normal for a person at any age. If
our hypothesis is correct, and the beta is being
generated by the same systems that are normally
associated with excess theta in ADHDcom sub-
jects, then this poses the question of whether
these systems mature with age, as has been found
in typical ADHDcom subjects. If maturation does
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occur in this group, and the beta normalises with
age, then these two groups of ADHDcom chil-
dren are probably neuroanatomically similar. If
maturation does not occur, then it is possible that
this group of children represents a separate sub-
group of the disorder. It is also not known whether
the behavioural symptoms found in this group
change with age, as is found in other groups with
ADHD, or how well this group responds to medi-
cation. Further research is needed to investigate
such questions within this group.

This study found that children with excess beta
represent a small independent subset of children
diagnosed with ADHD, primarily males with a
diagnosis of ADHDcom. Behaviourally, this group
is similar to other children with ADHD, although
more prone to temper tantrums and moodiness.
The excess beta activity is primarily found in the
frontal regions and is probably associated with
systems associated with self-regulation and inhibi-
tion control in the frontal lobes, although it is not
known why these systems are functioning in such
a different manner.

These results indicate that EEG measures have
potential for use in the diagnosis of subtypes of
ADHD. As the excess beta form of ADHD is
behaviourally very similar to other forms of
ADHD, EEG measures may provide an accurate
method of differentiating between the two types.
This would be especially pertinent if the excess
beta group responds differently to medication and
has a different developmental path. The reliabil-
ity and specificity of these factors need to be
further examined at an individual level for the
clinical use to be properly evaluated.
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