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introduction

Participation in regular low/moderate intensity exercise is
associated with positive psychological benefits, such as
improvement in mood and the alleviation of anxiety and
depression in various populations.*##3%3%  However, few
studies have examined the influence of exercise on behaviour
generally, and specifically in individuals with diagnosed behav-
ioural disabilities, such as attention-deficit/hyperactivity disor-
der (ADHD).

ADHD is the most common childhood behaviourat disorder
and is characterised by one or a combination of three behav-
jours, namely inattention, impulsivity and hyperactivity."**
More than half the children with ADHD have a high rate of dis-
ciplinary problems and as many as one-third will progress
early into substance experimentation and abuse.” The most
commonly prescribed treatment method is the use of psycho-
somatic medication, such as methyiphenidate (Ritalin)." Over
90% of the child ADHD population in the USA use this med-
ication. However about 20% experience side-effects including
insomnia, decreased appetite, weight loss, headache, heart
rate elevation at rest, minor increases in systolic blood pres-
sure, increased crying or mood disturbances.#* These
adverse side-effects have led to a need to identify alternative,
potentially beneficial treatment options.

Anecdotal reports suggest that exercise is beneficial for
children with ADHD.*® The few studies that have been pub-
lished in this area have either been case reports of only one or
two children,®** or have focused on whether acute bouts of
exercise influences hypothalamic-pituitary-adrenal axis func-
tion*? or acts as a dopaminergic adjuvant.®* Other studies have
failed to test a clinically diagnosed population,®® implement
valid behavioural measures,*** and quantify or standardise
the exercise stimulus.”™** Specifically, minimal research has
been conducted on the effect of moderate-intensity, chronic
exercise on the behaviour of children with ADHD. Therefore,
the primary purpose of this study was to monitor alterations in
ADHD behaviour during and following a 5-week moderate
intensity exercise programme in children with ADHD.
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Methods

Subjects

Thirteen boys and 6 girls clinically diagnosed according to the
Diagnostic and Statistical Manual (DSM) 1il-R guidelines for
ADHD? and currently taking methyiphenidate (10 - 30 mg,
1 - 2 times per day) were recruited from a remedial education
primary school. This school does not provide formal physical
education classes or after school sports and none of the chil-
dren were participating in regular physical activity pro-
grammes outside of the school. The children were all
Caucasian and from local middle-income suburbs. They were
divided into an experimental, exercise group (N = 13, 10 boys
and 3 giris) and a control, non-exercise group (N = 6, 3 boys
and 3 giris). The groups were not randomly allocated due to
logistical reasons. The children in the control group were
these who were in lift clubs and could not stay after school to
exercise.

Experimental design

Information and training session

Two weeks prior to commencement of the exercise pro-
gramme the children and their parents/guardians attended an
information session. Each parent/guardian signed an informed
consent, previously approved by the instifution's ethics com-
mittee. They were taught how to complete a Conner's rating
scale, as well as {0 measure the resting heart rate of their
children. Parents of both groups were provided with a physical
activity data sheet on which they were instructed to keep a
record of their children's physical activity every 30 minutes, for
9 hours, after school for the duration of the study.*’ The data
sheet consisted of a table with 18 rows and 4 columns, with
the first column indicating the time in half-hour intervals, the
second, space for a brief description of the activity, and the
third and fourth were for indicating sedentary and active activ-
ities respectively. Parents were instructed to place a value of
one, every half an hour in the sedentary or active column,
depending on whether the activity was sedentary (i.e., TV
watching, video games, computer use, talking on phone,
homework), or active (i.e. intense play, running, fast walking,
swimming or playing in the pool, skating, biking). The sum of
each sedentary and active column would then be calculated.
The maximum possible score for a child who was sedentary or
active for all 9 hours after school could therefore be 18. Based
on the total score in the sedentary column, activity levels could
be rated as acceptable (score 0 - 3), average (score 4 - 6),
moderately sedentary (score 7 - 9) and exfremely sedentary
(score 10 - 18). Participants had their height measured and
were weighed using a balance scale. The sum of triceps
brachii and calf skin-folds, measured with a Harpenden cal-
liper, was used to estimate per cent body fat.”!

Exercise protocol

Exercise intensity

For the week prior to commencement of the exercise pro-
gramme, the exercise group parents recorded their children's
supine resting heart rate every morning. The average resting
heart rates were used to calculate the individual heart rate

zones using the Karvonen equation.® Individual heart rate
zones (50 - 75% of maximal heart rate) were programmed into
Polar Accurex Plus heart rate monitors. Each child wore a
monitor during the exercise sessions, and an alarm was used
to alert the exercise leaders when the child's heart rate was
either above or below his/her target zone.

Exercise duration

The children exercised in the afternoon after school
from14h00 to 15h00, five times a week (Monday to Friday) for
5 weeks. Each session was divided into a 15-minute prepara-
tion and warm-up phase, a 30-minute exercise phase and 10
minutes of cool down. The cool down phase included
Jacobson's progressive relaxation exercises. The aim of the
relaxation exercises was to reduce the children's' heart rates
back to or close 1o resting levels. This was so that they were
calm and relaxed before going home to do homework or daily
chores.

Mode of exercise

The exercise sessions varied. They included activities such as
relay runs, simple plyometric exercises (one-leg hops, tuck
jumps), running through a mini obstacle course, a distance run
of 1 - 2 kilometres, and skipping. The aim was to have the sub-
jects stay within their target hear rate zone for at least 20 min-
utes in each session.

Behaviour rating scale

The behaviour rating scale is a modified version of Conners'
Parent Rating Scale®! The scale has been validated for
screening and assessing behaviour and psychosocial prob-
lems," outcome in children with disruptive behaviour prob-
lems,”" and for measuring behaviours directly related to
ADHD.¢ The scale provides a reliable, accurate, and relatively
brief measure of parental perception of children's disruptive
behaviour and provides a useful measure for monitoring chil-
dren's behaviour over time.? it consists of 25 behaviour-relat-
ed questions, which can be sub-divided into five categories
namely attention, motor skills, task-arientation, emotional and
oppositional behaviour. Each subject's parents/ guardian rated
each question as ‘not true at all’, ‘just a little true’, ‘pretty much
true’ or ‘very much true’ by marking the appropriate block with
a cross. Questions rated as ‘not true at all’ scored 4 points,
those rated as fjust a little true’ scored 3, ‘pretty much true’ rat-
ings scored 2 points and ‘very much true’ scored 1. A total
score out of 100 was calculated, the higher the score, the bet-
ter behaved the child. Furthermore, this score was divided into
an individual score (out of 20) for each of the five categories.
The parents were unaware of the scoring method.

Parents of children in the experimental and control group
were asked to complete the behaviour rating scale 1 week
before commencement of the exercise programme, after 3
weeks and immediately after cessation of the exercise pro-
gramme at 5 weeks.

Statistics

To determine any significant changes in behaviour, all vari-
ables were subjected to an analysis of variance (ANOVA) with
repeated measures. Tukey's post-hoc tests were used to
determine significant differences attributed to time. Data were
analysed using commercial software (SAS Institute, Cary,
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NC). The level of significance was set at p < 0.05.

Results

The children's physical characteristics were (mean + SD): age,
experimental group (10.8 + 1.9 years), control group (11.2
1.5 years); weight, experimental group (40.42 + 3.88 kg), con-
trol group (38.11 = 5.11 kg); height, experimental group
(144.65 + 4.62 cm), control group (146.38 + 8.15 cm); body
fat, experimental group (19.65 + 4.33%), control group (22.43
* 6.35%). The physical activity records of the control group
indicated that there was no increase in their daily levels of
physical activity during the duration of the study. The average
activity scores for the control children ranged between 10 and
18 (extremely sedentary) for the duration of the study.

Behaviour

There were no significant differences between the experimen-
tal and control groups with regard to behavioural ratings over
the 5 weeks. However, there were significant alterations in the
behaviour of both groups when the results were combined.
Immediately after cessation of the programme the following
behaviour categories were significantly improved compared
with 1 week before initiation of the exercise programme: total
behaviour (p = 0.001), attention (p = 0.008), emotional
(p = 0.01), and motor skills (p = 0.004) (Fig. 1). Task orienta-
tion and oppositional behaviour (Fig. 2) were not significantly
altered after the 5 weeks. However, the trend was similar to
that which occurred in the other categories where behaviour
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improved over time.

Discussion

Although limited research has been performed on the role of
exercise in improving the behaviour of children with ADHD,
researchers have noted the positive role that increased exer-
cise levels play in the treatment of anxiety®*** depression,
stress®* and enhancing general mood state.*%* Based on
this previous research on mood and exercise, and anecdotal
reports from parents and teachers, it was hypothesised that an
exercise programme would significantly improve the behav-
iour of children with ADHD compared with that of non-exercis-
iIng controls. The present study therefore, examined the
alterations in the behaviour of children with ADHD during and
after a 5-week moderate-intensity exercise programme.
Interestingly, no significant differences were found between
the behaviour of the exercising children and those of the con-
trol group over the 5 weeks. However, there were significant
improvements in the behaviour of both groups in four out of six
behaviour categories. With regard to the exercise group it is
thought that exercise-induced changes in neurotransmitters
may be a possible explanation for the improved behaviour.

Dysfunctional brain neurotransmitter pathways have been
shown to contribute to the behavioural and neuropsychologi-
cal features of ADHD.** Exercise has been shown to alter
neurotransmitter levels in the blood.”# It has therefore been
hypothesised that exercise may also facilitate the efficient use
of neurotransmitters in the brain neuronal circuits, thereby
improving neurophysiological functioning and the behaviour of
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Fig. 1. Alterations in total behaviour, attentive behaviour, emotional behaviour and motor skills (mean * SEM, + = p < 0.05) for
19 subjects during and immediately after 5 weeks of participation in the study.
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Fig. 2. Alterations in task orientation and oppositional behaviour (mean * SEM ) for 19 subjects during and immediately after

§ weeks of participation in the study.

children with ADHD.*' The major limitation of this hypothesis is
firstly that an alteration in the level of neurotransmitters or pre-
cursors in the blood does not necessarily reflect the changes
that are occurring in the brain, and secondly that research
examining the effect of exercise on brain neurotransmitter
release is essentially limited to animal models or postmortem
methods.® Despite these limitations further support for the
hypothesis comes from research using brain microdialysis to
measure the effect of exercise on brain neurotransmitter lev-
els in vivo.® Although this research is based on a rat model,
there is evidence that 20 minutes of exercise on a treadmill
significantly increases dopamine release in rat striatum.'
Similarly, elevated dopamine agonist levels after acute tread-
mill running™"” and forced swimming® have also been report-
ed, and 6 weeks of training, 5 days/week, increasing training
time and speed from 30 minutes, 19 m/min to 80 minutes,
26m/min by the final week, increased dopamine and norepi-
nephrine in the striatum of rats.? Evidence from the rat model
regarding elevated brain dopamine and. norepinephrine levels,
although not ideal, suggests that the dose of exercise used in
the present study may be sufficient to result in adaptive
responses in the neurotransmitter system. It is suggested,
however, that future studies should investigate the effect of dif-
ferent doses of exercise on ADHD behaviour.

To date five published studies have reported the effects of
physical activity/exercise on children with attentional and/or
hyperactivity disorders."**®%%* |n the study by Tantillo ef al.,*
the major weaknesses of the previous studies were
addressed. The authors used clinically diagnosed ADHD chil-
dren, quantified the exercise dose, implemented valid behav-
ioural measures and used measures related to aetiological
mechanisms of ADHD that might explain the effect of exer-
cise. The study found that a hallimark feature of ADHD, motor
impersistence (inability to sustain motor acts such a maintain-
ing a conjugate gaze, keeping the mouth open, protruding the
tongue, fixing the eyes centrally, or holding the eye lids shut)
was reduced in boys but not girls after a VO, test. Motor
impersistence is related to the behavioural disinhibition often
seen in children with ADHD and a reduction may result in
improved behaviour.®

Tantillo et al.*® also attempted to measure the effect of the
exercise on two indirect measures of brain dopaminergic
activity namely spontaneous eye blinks and the acoustic star-
tle eye blink response (ASER).** The results showed that
boys had increased spontaneous blink rate and decreased

ASER after a VO, test. This would indicate increased exer-
cise-induced brain dopaminergic activity.* The study by
Tantillo et al* therefore provides preliminary evidence of the
potential efficacy of acute exercise in helping to manage
ADHD in boys. Additionally it highlighted an important issue
relating to gender differences in ADHD symptomatology'®
that may influence the therapeutic benefits of exercise on
ADHD behaviour.*® Although further research is required in
this area, the possibility therefore exists in the present study
that a gender difference in response to the nature and/or dose
of exercise may have influenced the results.

The study has limitations, which provide additional expla-
nations, other than exercise-induced neurotransmitter
changes, for improved behaviour in ADHD chiidren. Firstly, the
small sample size, particularly in the control group, which
made it difficult to randomise the children, may have influ-
enced the results. Secondly, the influence of increased atten-
tion paid by parents to their children during the rating of their
behaviour and activities was not controlled for. Research has
shown that the presence of ADHD in children is closely asso-
ciated with disrupted parent-child relationships* and parent-
child conflicts.® Therefore, a possible explanation for the
results for both groups may simply be the fact that
parents/guardians/exercise leaders spent more time or paid
more attention to the children for the duration of the study.
Future research in this area should address this concept. A
third limitation of the study was possible influence and social
interaction within and between the exercise and control
groups, as the children attended the same school. Children
with ADHD are known to experience difficulty in peer relation-
ships.” A possible explanation for improved behaviour may
therefore be that the exercise sessions encouraged co-opera-
tion in group situations and fostered tolerance and acceptance
for other children. Hoza et al.” have reported that friendship
forming in ADHD children is associated with improved behav-
jour. The social interactions in the exercise group during the
exercise sessions, as well as during school with the control
group may therefore have resulted in improved behaviour in
both groups. Finally the fourth limitation of the study was a
lack of placebo intervention for the control group. Future stud-
ies should address this issue by providing a placebo interven-
tion at the same time of day as the exercise sessions. An
example of placebo sedentary activities may be recreational
hobbies activities such as arts and crafts, with peers and a
leader present for the same duration as the exercise sessions.
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Conclusion

The objective of the study was primarily to validate the anec-
dotal claims that exercise will improve the behaviour of child-
ren with ADHD. There is limited information available on the
effect of exercise on ADHD behaviour generally, and specifi-
cally moderate-intensity, chronic exercise. In this study it was
found that the behaviour of children with ADHD improved over
5 weeks irrespective of their physical activity level. The result
suggests that the increased attention of parents/guardians,
exercise leaders, or interaction/co-operation with peers, may
be the additional ‘treatment’ required to improve the behaviour
of children with ADHD. Future studies should control for these
influences to determine the exact role that exercise may play
in altering ADHD behaviour.
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