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Current Perspectives

Introduction

Physical exercise is important at any age, as it is beneficial 
to health and quality of life, enhances self-esteem, and 
improves cognitive functions (CF; American College of 
Sports Medicine, 2006; Chang & Etnier, 2009).

Physically active children are reported to have better 
academic performance (Castelli, Hillman, Buck, & Erwin, 
2007). Katz et al. (2010) observed that children with ADHD 
who performed physical exercises in class had reductions in 
the medications taken for ADHD.

Apparently, physical exercise provides beneficial effects 
on the CF of children who have learning disorders, such as 
ADHD. Some studies have shown that regular physical 
exercise can improve many areas of behavior in children 
with ADHD (Smith et al., 2013; Verret, Guay, Berthiaume, 
Gardiner, & Béliveau, 2012).

ADHD is the most common disorder in the world, with a 
prevalence of 6.5% to 11% in children between 5 and 15 
years of age (Faraone, Sergeant, Gillberg, & Biederman, 
2003). ADHD occurs due to neurobiological alterations, 
mainly regarding the dysfunction of dopaminergic trans-
mission in structures such as the striatum and the frontal 
lobe (Vaidya et al., 1998). These alterations impair execu-
tive functions, such as motor control, working memory, and 

inhibitory control (Schneider, Retz, Coogan, Thome, & 
Rösler, 2006). The main signs and symptoms of this disor-
der are impulsivity, hyperactivity, and inattention (American 
Psychiatric Association [APA], 1994; World Health 
Organization [WHO], 1993).

Methylphenidate (MTP) and amphetamines are the medi-
cations usually prescribed as a treatment for this type of disor-
der (Hodgkins, Shaw, Coghill, & Hechtman, 2012). It is 
widely recognized that physical exercise also enhances nor-
adrenaline and dopamine concentrations in the encephalon. 
Meeusen et al. (1997) detected increases in these neurotrans-
mitters in the striatum of rats after 60 min of physical exercise. 
Moreover, this activity also increased the serum levels of cal-
cium, activating the calmodulin-dependent system and conse-
quently enhancing dopamine synthesis (Sutoo & Akiyama, 
2003). Therefore, physical exercise might represent an 
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Objective: Studies have suggested that even a single session of physical exercise enhances executive functions. ADHD is 
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concluded that 30 min of physical exercise reportedly improved the executive functions of children with ADHD. Due  
to the small number of articles selected, further studies are needed to confirm these benefits. (J. of Att. Dis. 2017; 21(5) 
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alternative treatment for these children (Medina et al., 2010). 
Thus, the aim of this systematic review was to study the 
effects of acute physical exercise in children with ADHD.

Method

The databases used to search articles published between 1980 
and 2013 were PubMed, APA PsycNET, Scopus, and Web of 
Science. We selected controlled studies in English that evalu-
ated the cognitive effects of an acute exercise session in chil-
dren with ADHD. The inclusion criteria were original and 
controlled studies that evaluated the effects of one session of 
physical exercise on the CF of children with ADHD. 
Therefore, we used the following Boolean descriptors: (adhd 
OR “attention deficit disorder” OR “attention deficit hyper-
activity disorder” OR “attention-deficit/hyperactivity disor-
der”) AND (exercise OR “physical exercise” OR “aerobic 
exercise” OR “resistance exercise” OR “anaerobic exercise” 
OR “acute exercise” OR sport) AND humans.

We selected three studies of the 310 found (Table 1). We 
excluded 129 papers that were not original, 20 papers that 
did not evaluate children with ADHD, 45 papers that did 
not involve physical exercise, 66 papers that evaluated nei-
ther children with ADHD nor physical exercise, 3 studies 
that evaluated animals, 4 studies that were conducted in 
adults, 18 studies that did not assess the effects of physical 
exercise on CF, 11 papers that evaluated the effects of phys-
ical training but did not evaluate the effects of acute physi-
cal exercise, and 11 papers that were written in a language 
other than English, Spanish, or Portuguese.

Results

The first study involved 31 hyperactive children (18 or 
greater on the Conners Abbreviated Teacher Rating Scale 
[CATRS]) and 31 children without hyperactivity (less than 4 
on the Conners scale). All of the participants exercised on an 
ergometric bicycle at a heart rate of 170 beats per minute 
(BPM). The results showed no differences as a function of 
the duration of the exercise in any of the groups (Craft, 1983).

The other two studies, however, showed improvement in 
cognition after exercise. Medina et al. (2010) evaluated the 
effects of acute physical exercise in children with ADHD 
who were taking medications for that condition and chil-
dren who were not. All of the children performed interval 
training on a treadmill for 30 min. The protocol had 10 
loads of 2 min of high to moderate activity and 1 min of 
rest. The children were asked not to take their medicines for 
48 hr before the evaluation. The results were interpreted as 
representing that children with ADHD (users or non-users 
of MTP) had improved vigilance and reaction time and 
decreased impulsivity, and had better stability in all mea-
surements after physical exercise, compared with their 
basal evaluations. There were no significant differences 
between users and non-users of MTP (Medina et al., 2010).

Chang, Liu, Yu, and Lee (2012) recruited 40 children 
diagnosed with ADHD by a psychiatrist. They were ran-
domly assigned to two groups: exercise and control. The 
first group ran on a treadmill for 30 min (5 min warm-up,  
20 min main exercise, and 5 min cool down) at 50% to 70% 
of the heart rate reserve, indicating moderate intensity. The 
second group watched a running/exercise-related video for 
the same duration. The authors showed greater facility on 
the Stroop Color–Word test (inhibitory control and selec-
tive attention), fewer non-perseverative errors (problem 
solving) and improvement in categories they completed (set 
shifting) on the Wisconsin Card Sorting Test (WCST) after 
exercise. Fifty percent of the participants were taking medi-
cations for ADHD, but the authors did not describe whether 
they had taken them on the evaluation day.

Discussion

The present review suggests possible positive effects of 
acute exercise on the CF of children with ADHD, particu-
larly on impulsivity, vigilance, reaction time, inhibitory 
control, selective attention, and problem solving, as well as 
a slight improvement in set shifting.

The three studies evaluated physical training of moderate 
to high intensity, which, according to the literature, appears 
to be the ideal intensity for improvement in CF to occur 
(Córdova, Silva, Moraes, Simões, & Nóbrega, 2009; 
Hillman et al., 2009). However, the training duration pro-
posed by Craft (1983) might have been overly short (1, 5, or 
10 min), thus possibly not sufficient to yield a significant 
effect on the improvement in CF. The training period ana-
lyzed by Chang et al. (2012) and Medina et al. (2010), that 
is, 30 min, was similar to the 20-min training that previous 
studies have postulated as having a beneficial effect on CF 
(Córdova et al., 2009; Hillman et al., 2009). Hillman et al. 
(2009) evaluated children without ADHD and free of neuro-
logical diseases, observing that 20 min of aerobic exercise at 
a moderate to high intensity could improve attentional con-
trol and academic performance. A study performed in elderly 
women evaluated the effect of 25 min of physical exercise at 
three intensities (60%, 90%, and 110% of the anaerobic 
threshold). It revealed a significant improvement in execu-
tive functions and alertness after physical exercise per-
formed at 90% of the threshold. After exercise at the intensity 
of 110%, there was improvement only regarding verbal flu-
ency, whereas at 60%, there were no differences (Córdova  
et al., 2009). Such results suggest that moderate to high inten-
sities might provide benefits for CF. At exhausting intensities, 
in contrast, this benefit might decrease or even disappear.

Physical exercise seems to improve CF through increases in 
some neurotransmitters, as well as by means of the liberation 
of some growth factors, such as insulin growth factor-1  
(IGF-1) and brain-derived neurotrophic factor (BDNF; 
Cassilhas et al., 2007; Coelho et al., 2013; Ding, Vaynman, 
Akhavan, Ying, & Gomez-Pinilla, 2006; Meeusen et al., 1997).
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Medina et al. (2010) observed cognitive improvements 
in children who used MTP and in those who did not; thus, 
the authors concluded that the improvement could not be 
associated with the increase in catecholamine, because it 
was detected both groups. This explanation is questionable, 
however, because the children who used MTP had the medi-
cation suspended 48 hr prior to the tests. Medications that 
aim to improve ADHD symptoms, as is the case with MTP, 
increase the extracellular concentrations of dopamine and 
noradrenaline in the brain (Kuczenski & Segal, 1997), and 
they last for 4 hr for the short-half-life formulations and 

from 7 to up to 12 hr for the long half-life agents, while the 
amphetamines that have similar effects also last from 4 to 
14 hr, depending on the formulation (Hodgkins et al., 2012).

Chang et al. (2012) did not report whether the medications, 
which half of the sample were taking, were withdrawn before 
their study was performed. This information is crucial, consid-
ering that medication may mask the effects of exercise. 
Robinson, Eggleston, and Bucci (2012) compared the effects 
of MTP, atomoxetine, and/or physical exercise on the behavior 
of spontaneously hypertensive rats, and they reported that all 
three forms of treatment were effective in reducing inattention. 

Table 1. Review of the Articles Selected.

Authors

 Craft (1983) Medina et al. (2010) Chang, Liu, Yu, and Lee (2012)

N; % of male; age 31 with ADHD and 31 without 
ADHD; 100; 7-10

25; 100; 7-15 40; 92.5; 8-13

Diagnosis; Medication School psychologist (18 or more 
on the CATRS); did not take 
medication

Multidisciplinary; MTP (15 
volunteers 5 to 10 mg/day; 
one volunteer 30 mg); and 
carbamazepine, valproic acid 
and lamotrigine/MTP was 
withdrawn 48 hr prior to the 
test day

Psychiatric physician; 50% of each 
group were under medication for 
ADHD/not reported whether 
medication was withdrawn prior 
to the test day

Subtype; 
Comorbidities

Not described; no reports of 
severe emotional disorders or 
brain damage

Not described; psychiatric 
comorbidities, asthma, and 
rhinitis

14 inattentive, 21 combined, 5 
impulsive/hyperactive, and 20 
under medication (10 in each 
group); not described.

Level of physical 
activity; V0

2
Max

Not described; not described Not described (the most common 
recreational activities were as 
soccer and cycling); US (43.80 ± 
7.75 ml/kg/min) and NUS (43.36 
± 5.21 ml/kg/min)

Not described; maximum estimated 
by formula

Groups; Controls With ADHD and without ADHD; 
did not apply

US and NUS; stretching With and without exercise; watched 
a video about running and 
exercises

Type of exercise; 
Intensity; Duration

Ergometric bicycle; moderate to 
high (170 bpm); 0, 1, 5, 10 min

Treadmill (intervaled); moderate 
to high; 30 min: 10 min × 2 min 
and 1 min of rest

Treadmill (aerobic); moderate to 
high (50%-70% HRR); 30 min  
(5 min warm up; 20 min exercise; 
5 min cool down)

Cognitive evaluation Digit Span (WISC-R); Coding 
B (WISC-R); ITPA; Visual 
Sequential Memory

CPT STROOP test; Wisconsin Card 
Sorting Test

Results The duration of physical exercise 
did not have any effects on 
the cognitive performances 
of either hyperactive or 
non-hyperactive children; no 
inverted U curve

Both groups (with and without 
medication) showed 
improvement in vigilance, 
reaction time, stability, and 
impulsivity after exercise, when 
compared with their own basal 
levels; no significant differences 
between groups (US and NUS) 
after exercise

Better performance in the Stroop 
color-word after exercise/
improvement in the perseverative 
errors and in the categories 
completed of the WCST after 
exercise; no effect of exercise 
on the Stroop word and 
Stroop color tests or on total 
correct, perseverative response, 
perseverative errors, conceptual 
level response

Note. CATRS = Conners Abbreviated Teacher Rating Scale; CPT = Continuous Performance Test; HRR = heart rate reserve; MTP = methylphenidate; 
US = users of methylphenidate; NUS = non-users of methylphenidate; WISC-R = Wechsler Intelligence Scale for Children–Revised; ITPA = Illinois Test 
of Psycholinguistic Abilities.
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Nevertheless, the combination of exercise and medication was 
not more effective than each treatment modality alone, which 
suggests that the three act through similar mechanisms.

Physical exercise can also increase the release of growth 
factors, enhancing the levels of IGF-1 and of BDNF, thereby 
improving CF (Cassilhas et al., 2007; Ding et al., 2006). To 
the best of our knowledge, there have been no studies that 
have evaluated the effects of acute physical exercise on the 
BDNF of children. In adults and elderly individuals, how-
ever, acute physical exercise at moderate intensity can 
increase the serum levels of BDNF (Coelho et al., 2013; 
Ferris, Williams, & Shen, 2007; Laske et al., 2010). 
Although this fact does not seem to be related to improve-
ment in cognition in the short term, the repeated increase in 
BDNF during regular exercise practice might bring some 
benefit over the long term (Ferris et al., 2007).

Both Medina et al. (2010) and Chang et al. (2012) used 
positive controls, children who would report to the labora-
tory and perform some activity (stretching or watching a 
video). This fact is important to eliminate the possibility that 
the effect was due to a change in routine, thus preventing the 
Hawthorne effect that refers to the changes in people’s 
behavior after close monitoring (Davis & Feldman, 2013).

According to the Diagnostic and Statistical Manual of 
Mental Disorders (5th ed.; DSM-5; APA, 2013), ADHD is 
divided into three subtypes: inattentive, hyperactive/impul-
sive, and combined (APA, 1994). Only Chang et al. (2012) 
reported the subtypes in their sample and declared that there 
were no significant differences among the subtypes. Another 
aspect regards comorbidities. The sample of Craft (1983) 
involved no other comorbidities, such as severe emotional 
disorders or brain damage. It is essential that future studies 
disclose the comorbidities and subtypes because there 
might be a greater effect on attention in groups that involve 
larger numbers of inattentive individuals or on impulsivity 
in groups in which there are larger numbers of hyperactive 
children, as well as enhancement in other aspects (e.g., 
mood) related to the comorbidities that influence CF.

Future studies should report levels of previous physical 
activity because long-term aerobic training might enhance 
the effects of acute physical exercise on CF (Pesce, Cereatti, 
Forte, Crova, & Casella, 2011). Moreover, they should also 
evaluate the duration of the effects after exercise, as 
Pontifex, Hillman, Fernhall, Thompson, and Valentini 
(2009) suggested possible improvements in working mem-
ory and reaction time after aerobic exercise that remained 
for at least 30 min. Another study also showed an improve-
ment in CF (planning) after 30 min of aerobic exercise in 
adults, which lasted at least 80 min after the cessation of 
exercise (Hung, Tsai, Chen, Wang, & Chang, 2013). 
Therefore, post-exercise evaluations at different time points 
might indicate effective changes in the CF of children.

In conclusion, 30 min of moderate- to high-intensity 
physical exercise may to improve the CF of children with 
ADHD. However, due to the small number of studies in this 

area, we cannot reach a satisfactory conclusion, which indi-
cates the need for further investigations to be undertaken.
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