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Acute high-intensity physical exercise is known to improve cognitive 
performance of children, including those with attention-deficit/hyperac-
tivity disorder (ADHD). In this work, we investigated the acute effect of 
an aerobic stretching and moderate-intensity, health and happiness im-
proving movement (HHIM) exercise on the cortical activity of children 
with and without ADHD using electroencephalography (EEG). Children 
aged 12 to 14 yr with combined-type ADHD and age-matched healthy 
controls participated in the study, performing two individual movements 
(n= 79, 35 controls) and a single exercise bout (n= 45, 18 controls). elec-
troencephalographic signals were recorded before and immediately 
after each movement, and before and after acute exercise under rest-

ing conditions, to obtain absolute and relative power estimates for the 
theta (3.5–8 Hz), alpha (8–12 Hz), sensory motor rhythm (12–16 Hz), and 
beta (16–25 Hz) bands. After acute HHIM exercise, all children showed 
significant changes in their relative EEG, mainly in the theta and alpha 
bands. Individual movements were found to influence relative theta, al-
pha and beta, and theta-to-beta ratios. He presents aerobic stretching 
HHIM exercise has demonstrated acute effect on the cortical activity of 
children.

Keywords: Attention deficit disorder with hyperactivity, Child, Exercise, 
Electroencephalography, Health and happiness improving movement

INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is one of the 
most common chronic childhood neurobehavioral disorders that of-
ten persist into adulthood (Barbaresi et al., 2013). The rates of 
ADHD diagnosis are increasing in most countries, resulting in 
growing consumption of stimulant drugs (Singh, 2008). However, 
the ADHD diagnosis is based on pathological symptoms that are 
difficult to distinguish from normal childhood behaviors. For this 
reason, the increase in school-age children diagnosed with ADHD 
and taking the medications may not correctly represent the actual 

increase in ADHD prevalence but rather reflect possible overdiag-
nosis (Singh, 2008; Volkow et al., 2003). Although stimulant 
drugs are considered relatively safe and effective for treating ADHD 
symptoms (Biederman and Faraone, 2005), potential adverse effects 
and the unknown safety of their long-term use may still pose risks 
for overuse (Hazell, 2011; U.S. Food and Drug Administration, 
2013). The treatment efficacy is rarely maintained beyond the ac-
tive intervention period, requiring continued treatment throughout 
the lifetime (Halperin et al., 2011). For the partial or nonrespond-
ers other treatment options are needed (Loo et al., 1999).

Deficiencies in the cognitive function of ADHD children have 
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been attributed to dysfunction of prefrontal cortical networks as-
sociated with neurochemical dysregulation (Bush, 2011; Cubillo 
et al., 2011; Seidman et al., 2005). Animal studies have shown 
that physical exercise increases cerebral blood flow and promotes 
neuroplasticity in the hippocampus and dopamine circuits (Foley 
and Fleshner, 2008; Swain et al., 2003; Van Praag et al., 1999). 
This provides a basis for investigating physical exercise as a safe 
and lasting treatment for children with ADHD. However, while 
the beneficial effects of acute physical exercise have focused on 
high-intensity aerobic exercise to improve cognitive performance 
of children with and without ADHD (Gapin and Etnier, 2010; 
Hillman et al., 2009; Tantillo et al., 2002), the effect of moder-
ate-intensity, stretching exercise has not been proven yet.

Electroencephalographic studies have reported that most 
ADHD children display rather consistent differences in brain cor-
tical activity during the resting state compared to normal children. 
These are typically increased theta in the frontal regions and de-
creased alpha and beta in the posterior regions (Barry et al., 2003; 
Chabot and Serfontein, 1996; Loo and Barkley, 2005; Swartwood 
et al., 2003). A recent study indicated electroencephalographic 
changes after water aerobic exercise (Huang et al., 2013). Cortical 
activation patterns have been reported to depend on exercise mode 
and intensity (Brümmer et al., 2011a; Crabbe et al., 2004; Moraes 
et al., 2007). Herein, we investigated the effect of acute exercise on 
the electroencephalography (EEG) of children, with and without 
ADHD, who participated in a moderate-intensity stretching aero-
bic exercise program, named health and happiness improving 
movement (HHIM) exercise (Fig. 1). This exercise regimen was 
designed to stimulate brain activities, has a metabolic equivalent 
value of 4.0, and consists of whole-body movements with deep 
breathing (Ainsworth et al., 2011). We hypothesized that the exer-
cise would alter the cortical activity of children, regardless of their 
diagnoses. To examine our hypothesis, the EEGs of children were 
assessed before and after a single exercise bout. In addition, the ef-
fects of individual movements on cortical activity were evaluated.

MATERIALS AND METHODS

Subjects
Twenty-seven children, 14 boys and 13 girls, that were diagnosed 

with the combined type of ADHD by their physicians or that met 
the Diagnostic and Statistical Manual of Mental Disorders, 4th Edi-
tion criteria for ADHD (American Psychiatric Association, 2000), 
and 18 healthy control children, 11 boys and seven girls, were re-
cruited from a local public middle school in Seoul, Korea, and par-

ticipated in the study of individual movements and in the acute ex-
ercise study. The ADHD children had no other psychiatric diagno-
ses or seizure disorder. All children, with and without ADHD, were 
aged between 12 and 14 yr (12.8±0.79 yr) and their intelligence 
quotients ranged between 91 and 113 (101.4±10.1) according to 
the Korean Wechsler Intelligence Scale for Children III. All chil-
dren were free of pharmacologic treatments for at least 1 month be-
fore the testing and during the study period regardless of their pre-
vious history of medication. Participation was voluntary and all par-
ticipants gave written assent and had their parents’ or legal guard-
ians’ written informed consent prior to the experiment. All proce-
dures in the study were approved by the school authority and the 
HHIM Brain Research Institutional Review Board. 
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Fig. 1. Exemplary movements and postures included in health happiness im-
provement movement exercise. Insets show side views.
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Procedure
To study the effects of individual movements, the participants 

in the control and ADHD groups performed two particular 
movements, D and I (Fig. 1), with an interval of ≥2 hr between 
each movement to avoid any carryover effects. The participants in 
the study of acute exercise performed a 13-min exercise bout. A 
trained physical education teacher supervised the participants. 

EEG was measured before and 12±3 min after an acute bout of 
the exercise. The after-exercise measurements were made during an 
eyes-closed resting condition in a quiet room while the participants 
were seated comfortably on a chair. Gold-plated disk electrodes 
were placed at F7, F8, FZ, CZ, T3, T4, PZ, and OZ, grounded and ref-
erenced to A1 and A2, respectively, using a conductive paste (Elefix 
z-401ce, Nihon Kohden, Irvine, CA, USA) in accordance with the 
international 10/20 system. Each measurement was carried out af-
ter the electroencephalographic signal was stabilized, showing no 
artifacts for 10 sec. The eyes-closed EEG was also recorded before 
and immediately after each movement. The participants performed 
the movements with the electrodes placed on their scalps, and held 
the postures during the postmovement measurements. The signal 
was recorded using a QEEG measurement system (PolyG-I, Laxtha 
Inc., Daejeon, Korea) with a sampling rate of 256 Hz and a fre-
quency filter set at 0.5–50 Hz, converted and stored for off-line 
analysis using TeleScan ver. 3.03 (Laxtha Inc.). All electroencepha-
lographic data were visually inspected to reject artifacts, and were 
subjected to a fast Fourier transform power spectral analysis to ob-
tain absolute power estimates in the theta (3.5–8 Hz), alpha (8–12 
Hz), sensory motor rhythm (SMR) (12–16 Hz), and beta (16–25 
Hz) bands. Relative power, i.e., the absolute power in a band ex-
pressed as a percentage of the total power across the region of 3.5–
25 Hz, was calculated for each band and subjected to statistical 
analysis. For simplicity, the power distributions before acute exer-
cise are labeled as before-exercise distributions in Fig. 2.

Data analysis 
All statistical analyses were conducted with a significance level 

(alpha) of 0.05 using IBM SPSS Statistics ver. 19.0 (IBM Co., Ar-
monk, NY, USA). The effects of individual movements were ana-
lyzed for each frequency band using two-way analyses of variance 
(ANOVAs) with movement (before/after) and group (ADHD/
control children, ADHD boys/ADHD girls, or control boys/con-
trol girls) as factors and the power amplitude (absolute or relative) 
at each electrode site as variable. Analyses of the acute exercise ef-
fects were conducted using repeated-measures ANOVAs with ex-
ercise (before/after) as within-subjects factor, group (ADHD/con-

trol children, ADHD boys/ADHD girls, or control boys/control 
girls) as between-subjects factor, and the power amplitude (abso-
lute or relative) at each electrode site as within-subjects variable. 
Data presented herein are with a significance level (P) of <0.05 
unless otherwise indicated.

RESULTS

Effect of acute exercise
Fig. 2 shows the topographic distributions of the relative elec-

troencephalographic power of children in the control and ADHD 
group before and after a single bout of exercise. The relative elec-
troencephalographic activities in the leftmost columns of Fig. 2 
display that the ADHD children exhibited globally higher relative 
theta before exercise, especially in the frontal and central regions, 
and lower relative alpha along the midline regions as compared 
with the healthy controls. Relative SMR and beta activities of the 
ADHD children were also lower compared with the healthy chil-
dren. After exercise, both control and ADHD children exhibited 
decreased relative theta, and increased alpha, SMR, and beta activi-
ties over the entire regions as shown in the center columns of Fig. 
2. The electroencephalographic power of the children in control 
and ADHD group before and after a single bout of exercise, exhib-
iting statistically significant main effects of the exercise. The exer-
cise produced electroencephalographic changes in the theta and al-

Fig. 2. Topographic distributions of relative electroencephalography power for 
children in control (A) and attention-deficit/hyperactivity disorder (ADHD) (B) 
group. The left and right columns show the maps of children before acute ex-
ercise and after acute exercise, respectively. SMR, sensory motor rhythm. 
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pha bands of both absolute and relative power, but mostly of rela-
tive power. In both groups, the exercise reduced absolute theta in 
the left frontal region and relative theta along the midline regions, 
and elevated absolute alpha in the central and posterior regions and 
relative alpha globally. It was notable that the increases in relative 
alpha were substantial not only in the ADHD group but also in 
the controls. No significant interaction effects of exercise and group 
appeared. Within the ADHD group, the girls had less overall rela-
tive alpha than the boys at baseline. The exercise had main effects 
on both boys and girls, elevating relative alpha, with no significant 
interaction of exercise and gender. On the other hand, significant 
interaction effects of exercise and group appeared in the control 
group. As compared with their counterparts, the girls also had less 
baseline alpha that increased more substantially after exercise. 

Effect of individual movements
Fig. 3 presents relative electroencephalographic power in the 

theta and beta bands of the children in the control and ADHD 
group before and immediately after movement. After movement D, 
both control and ADHD children exhibited increased theta. The 
main effect of movement emerged in the midline frontal region (F 
[1, 154]=4.046, P=0.046). Although the data are not shown in 
Fig. 3, the main effect of movement also emerged in the midline 

central (F [1, 154]=9.601, P=0.002), parietal (F [1, 154]=13.55, 
P<0.0001), and occipital (F [1, 154]=12.23, P=0.001) regions. 
The main effect of group appeared in the midline frontal (F [1, 
154]=6.052, P=0.015), and also in the parietal (F [1, 154]=4.602, 
P=0.034) and occipital (F [1, 154]=5.679, P=0.018) regions (not 
shown in Fig. 2). No interaction effects of movement and group 
appeared. On the other hand, after movement I, both control and 
ADHD children exhibited decreased relative theta. The main effect 
of movement appeared in the left (F [1, 154]=4.956, P=0.027) 
and midline frontal (F [1, 154]=7.421, P=0.007) regions (Fig. 3). 
No significant effect of group or interaction of movement and 
group appeared. Within the ADHD group, the girls had more rel-
ative theta than the boys at baseline. Movement I reduced the theta 
activity of both boys and girls, but more drastically of the girls, ex-
hibiting an interaction of movement and gender in the midline 
frontal region. Within the control group, no statistically significant 
effect of movement or group emerged.

Relative beta increased in both control and ADHD children, ex-
hibiting the main effect of movement in the midline frontal (F [1, 
154]=5.005, P=0.027), central (F [1, 154]=8.356, P=0.004), pa-
rietal (F [1, 154]=13.434, P<0.0001), and posterior (F [1, 154]= 
17.393, P<0.0001) regions for movement D, and left (F [1, 154]= 
5.537, P=0.02), right (F [1, 154]=5.131, P=0.025), midline fron-

Fig. 3. Relative theta and beta power of children before and immediately after movement, displaying main effects of movement (M) and group (G) (P< 0.05). D, move-
ment D; I, movement I; ADHD, attention-deficit/hyperactivity disorder. *P< 0.0001. 
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tal (F [1, 154]=22.06, P<0.0001), central (F [1, 154]=27.30, P< 
0.0001), parietal (F [1, 154]=33.30, P<0.0001), and posterior (F [1, 
154]=19.69, P<0.00010) regions for movement I (Fig. 3). The 
main effect of group appeared in the left (F [1, 154]=6.387, P= 
0.013), right (F [1, 154]=8.784, P=0.004), and midline frontal (F [1, 

154]=5.947, P=0.016) for movement D, and midline frontal (F [1, 
154]=5.107, P=0.025), and parietal (F [1, 154]=5.497, P=0.02) 
regions for movement I (Fig. 3). Although the data are not shown in 
Fig. 3, for both movements the main effect of group appeared in the 
left temporal region (D: F [1, 154]=6.036, P=0.015; I: F [1, 

Fig. 5. Relative alpha power of attention-deficit hyperactivity disorder (ADHD) boys and girls before and immediately after movement, displaying main effects of 
movement (P< 0.0001). No gender effect or its interaction with movement appeared. D, movement D; I, movement I. *P= 0.001.
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154]=5.040, P=0.026). No interaction of movement and group 
emerged for both movements. Within each group, the ADHD and 
control group, the main effect of movement I appeared for the boys 
and girls, with no interaction effect of movement and gender. Move-
ments D and I reduced relative alpha globally in the control and 
ADHD children, exhibiting main effects of movement with no in-
teraction of movement and group, as shown in Fig. 4. The main ef-
fect of group appeared for movement D in the parietal region. With-
in the ADHD group, both movements reduced relative alpha of the 
boys and girls with no significant interaction effects of movement 
and gender (Fig. 5). Similarly, the movements affected the alpha ac-
tivity of the boys and girls in the control group.

Fig. 6 presents the theta-to-beta ratios of the children before 
and immediately after movement I. Compared with the healthy 
controls, the ADHD children had higher theta-to-beta ratios in 
the frontal, midline central and parietal regions at baseline. The 
main effect of movement appeared in these regions with no inter-
action of movement and group, reducing the ratios in both con-
trol and ADHD children. The main effect of group appeared in 
the parietal region. Within the ADHD group, the girls had high-
er theta-to-beta ratios than the boys at baseline, particularly in the 
frontal regions (Fig. 7). It appears that movement I reduced the 
ratios in the girls more substantially as compared with the boys. 
However, neither statistically significant gender effect nor interac-

tion of movement and gender appeared. 

DISCUSSION

In this study, we evaluated the effects of HHIM exercise, an aer-
obic stretching exercise program, on the EEG of children. Before 
exercise, compared with the healthy controls, the ADHD children 
had globally elevated relative theta, reduced relative alpha along 
the midline regions in particular, and reduced relative SMR and 
beta, which is consistent with the previous findings (Barry et al., 
2003; Loo and Barkley, 2005; Swartwood et al., 2003). After a sin-
gle bout of the exercise, all children exhibited electroencephalo-
graphic changes, regardless of their diagnoses, mostly with theta 
decreasing and alpha increasing. Electroencephalographic studies 
have revealed that, during the course of the central nervous system 
(CNS) maturation of children, alpha activity increases and theta 
decreases with age, and that changes in cortical arousal are reflected 
in the theta and beta bands (Benninger et al., 1984; Clarke et al., 
2001; Lubar, 1991). Based on this, the effects of stimulant medica-
tions, producing changes primarily in the theta and beta bands, 
have been attributed to the promotion of cortical arousal rather 
than the changes in the maturation status of the ADHD brain 
(Clarke et al., 2002). In contrast, the HHIM exercise affected theta 
and alpha, indicating its beneficial effects on brain maturation and 

Fig. 6. Theta-to-beta ratios of children, displaying main effects of movement I 
(P< 0.05). *Main effects of movement (F [1, 154]= 4.979, P= 0.027) and group (F [1, 
154]= 4.764, P= 0.031) appeared. ADHD, Attention-deficit hyperactivity disorder.
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development of children, especially those with ADHD. Recent 
brain imaging studies have confirmed the cortical maturation de-
lay in children with ADHD (Shaw et al., 2007; Shaw et al., 2012). 

It has been reported that the girls (ages 8 to 12 yr) have more 
absolute and relative theta and less relative alpha than the age-
matched boys, indicating a developmental lag in their EEG (Ben-
ninger et al., 1984; Clarke et al., 2001). In this study, we also 
found such gender differences in children. At baseline, the girls 
had much less relative alpha than their counterparts, regardless of 
their diagnoses. The acute exercise affected the healthy girls in the 
control group, elevating their alpha more drastically compared 
with the boys. This sheds light on the rather substantial increase 
in relative alpha of the control children, showing no differential 
effects of exercise between the control and ADHD children. The 
exercise significantly elevated alpha in both boys and girls with 
ADHD, with no gender-dependent differential effects. These 
findings support that healthy girls (as compared to healthy boys) 
and ADHD children all have a developmental lag in the EEG and 
that the HHIM exercise facilitates CNS maturation. Further stud-
ies are needed to investigate the effects of chronic HHIM exercise.

Previous studies reported that dominant electroencephalograph-
ic activity is in the theta and alpha regions when one is at rest, 
which shifts toward the beta region when excited and that the al-
pha activity is inversely related to cortical activation (Feige et al., 
2005; Lubar, 1991). In line with this, we found that the individual 
movements, D and I, reduced relative alpha and elevated relative 
beta activity of the children in both the control and ADHD 
groups. The impact of these movements on relative alpha was 
about the same in the entire region but was different on relative 
beta, i.e., movement D affected relative beta along the midline and 
movement I in the entire region. It was intriguing to observe that 
relative theta was elevated by movement D but reduced by move-
ment I. Accordingly all children exhibited reduced theta-to-beta 
ratios after movement I. In the ADHD group, the effects of move-
ment I were found to be independent of gender on the alpha and 
beta bands and on the theta-to-beta ratios but were gender-depen-
dent on relative theta. Studies on individual movements have been 
limited to hand or finger movements due to difficulties involved in 
assessing complex whole-body movements (Brümmer et al., 
2011b). It is, therefore, noteworthy that in the present study differ-
ential effects of individual whole-body movements were observed 
on the cortical activity of children. This warrants an investigation 
of the individual effects of the entire HHIM exercise movements to 
better understand their collective effects. It is noted that most 
studies to date have been carried out to build exercise regimens for 

healthy adults but not for children or adolescents, especially those 
with mental disorders. To this end, the present study may provide 
a basis for tailoring exercise to individual needs, to particularly de-
velop a viable, non-pharmacologic treatment strategy for ADHD. 

In summary, the present study uncovers the positive effects of 
an aerobic stretching exercise on the cortical activity of children 
with and without ADHD. The exercise exhibited acute effects, 
particularly affecting ADHD children toward normalization of 
relative theta and alpha. The examination of individual move-
ments indicated their differential effects on cortical activity of 
children. Although speculative, we may attribute the positive ef-
fects observed herein to the individual whole-body movements of 
the HHIM exercise in a concerted way stimulating the brain ac-
tivity, more so than other aerobic exercise modalities such as walk-
ing, running or cycling. 
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