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ABSTRACT
Purpose The goal of this meta-analysis was to
aggregate available empirical studies on the effects of
physical exercise on executive functions in preadolescent
children (6–12 years of age), adolescents (13–17 years
of age) and young adults (18–35 years of age).
Method The electronic databases PubMed, EMBASE
and SPORTDiscus were searched for relevant studies
reporting on the effects of physical exercise on executive
functions. Nineteen studies were selected.
Results There was a significant overall effect of acute
physical exercise on executive functions (d=0.52, 95%
CI 0.29 to 0.76, p<0.001). There were no significant
differences between the three age groups (Q (2)=0.13,
p=0.94). Furthermore, no significant overall effect of
chronic physical exercise (d=0.14, 95%CI −0.04 to
0.32, p=0.19) on executive functions (Q (1)=5.08,
p<0.05) was found. Meta-analytic effect sizes were
calculated for the effects of acute physical exercise on
the domain’s inhibition/interference control (d=0.46,
95% CI 0.33 to 0.60, p<0.001) and working memory
(d=0.05, 95% CI −0.51 to 0.61, p=0.86) as well as
for the effects of chronic physical exercise on planning
(d=0.16, 95% CI 0.18 to 0.89, p=0.18).
Conclusions Results suggest that acute physical
exercise enhances executive functioning. The number of
studies on chronic physical exercise is limited and it
should be investigated whether chronic physical exercise
shows effects on executive functions comparable to
acute physical exercise. This is highly relevant in
preadolescent children and adolescents, given the
importance of well-developed executive functions for
daily life functioning and the current increase in
sedentary behaviour in these age groups.

INTRODUCTION
Modern society is adapting to a sedentary lifestyle.1

This global trend is a major threat to public health.2

Lower levels of physical exercise have been associated
with an increased incidence of disabilities and dis-
eases including hypertension, obesity and diabetes,3

while high levels of physical exercise are associated
with, for example, higher musculoskeletal fitness and
a lower risk of physical disability and diseases.4

However, the benefits of an active lifestyle are not
restricted to physical health: higher levels of physical
activity have been related to higher levels of cognitive
performance as well. Cognitive functions are func-
tions subserved by the central nervous system includ-
ing a variety of functions such as memory and
attention.5 Moreover, there is evidence for a causal
relationship between physical exercise and improved
cognitive functioning in older adults.6–8 For instance,

it has been shown that walking improved memory
and attention in the sedentary elderly.7 9

Several mechanisms have been proposed that pos-
sibly mediate the positive effects of physical exercise
on neurocognitive mechanisms.10 11 Regarding the
direct effects of physical exercise, the mean cerebral
blood flow (CBF) is found to be elevated in the brain,
which may relate to cognitive functioning.12 13

Furthermore, physical exercise around the lactate
threshold leads to immediate increases in the plasma
levels of catecholamines, adrenocorticotropic
hormone, vasopressin and β-endorphin in the periph-
eral blood circulation,14–16 which are thought to
reflect increased neurotransmitter secretion in the
central nervous system leading to elevated arousal,
subsequently enhancing cognitive performance.17

Concerning the effects of regular (long-term) physical
exercise on cognitive functioning, physical exercise is
found to enhance new blood vessel formation and
extension in the brain (angiogenesis), which is
thought to improve the perfusion capacity of the
brain.18 19 Furthermore, multiple neurostructural
changes at the level of the synapse, dendrites and cell
formation in response to physical exercise have been
observed (neurogenesis). Additionally, multiple
neurotrophic factors (eg, brain-derived neurotrophic
factor, nerve growth factor, vascular endothelial
growth factor, granulocyte colony-stimulating factor
and insulin-like growth factor) have been found to be
upregulated by physical exercise in humans. These
neurotrophic factors play an important role in neural
growth and neuron survival, thereby influencing
learning and memory, processes that are critical for
cognitive functioning.11 20–22 In line with the upregu-
lation of neurotrophic factors, high physical fitness is
associated with larger brain volumes. For example,
children with higher cardiovascular fitness have
larger volumes of the basal ganglia and hippocampus
as compared to children with lower physical fitness
levels.23 This evidence strongly suggests that
exercise-induced neural plasticity is not merely
restricted to areas of the brain serving motor function
and may therefore translate into enhanced cognitive
functioning.
In the literature, the terms acute exercise and

chronic exercise are widely used to refer to investi-
gations of effects of physical exercise. In studies of
acute exercise, the activity consists of a single short-
term exercise bout (typically spanning between 10
and 40 min), whereas in studies of chronic exercise,
the activity consists of an exercise programme of
multiple training sessions per week for a longer
period of time (typically spanning between 6 and
30 weeks).
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Most studies on the effects of physical exercise focused on
cognitive functioning in the elderly and on specific patient
groups, including patients with dementia.6 24 Recently, there is
increasing interest in the effects of physical exercise on cognitive
functioning in children and adolescents,25 26 and a few reviews
emerged that concluded that higher levels of physical exercise
are associated with better cognitive functioning, and with
enhanced executive functioning in particular.26–29

Executive functions are generally defined as ‘higher level cog-
nitive processes’ that manage other more basic cognitive func-
tions (eg, visual-spatial perception).30 Executive functions
consist of functions such as planning, self-regulation, initiation
and inhibition and cognitive flexibility.31 32 Both the frontal and
subcortical brain regions subserve executive functions,30

although the prefrontal cortex is thought to play a key role.33

Executive functions develop from early childhood through ado-
lescence into adulthood,34 35 with large developmental changes
during the elementary school years.36 37 The development of
executive functions is paralleled by neuroanatomical changes in
the prefrontal cortex, which are marked by decreases in grey
matter and increases in white matter density between age 7 and
young adulthood.38–40 Consequently, a commonly accepted
explanation for the late development of executive functions is
the relatively late maturation of the prefrontal cortex.41

The literature mainly investigated the association between
physical fitness and cognitive functions or the academic achieve-
ment of preadolescent children,29 42–44 and several studies also
investigated the association between physical fitness and execu-
tive functions in preadolescent children and adolescents23 45 46

Few studies reported on the effects of chronic (long-term) phys-
ical exercise interventions on cognitive functioning, and execu-
tive functions in particular, in healthy groups of children or
adolescents and young adults.47–49 Most of the cross-sectional
studies reported a positive relationship between high fitness
levels and cognitive functioning. Regarding randomised con-
trolled studies (RCTs) investigating the effects of both acute and
chronic physical exercise on executive functions, inconsistent
results were found in the maturing brain. The recent reviews
that addressed the relationship between physical exercise and
executive functions in preadolescent children and adolescents
did not include the literature on young adults.26–29 It therefore
remains unknown whether physical exercise has beneficial
effects on executive functions throughout the whole period of
brain maturation. Moreover, none of these reviews has provided
quantitative estimations of the effect sizes, leaving the exact
magnitude of the effects of physical exercise on executive func-
tions unknown.

The present meta-analysis is the first to report a systematic quan-
tification of the effects of physical exercise on executive functions
across the critical periods of brain maturation. First, the
meta-analytic outcomes on the effects of acute and chronic physical
exercise on executive functions in preadolescent children, adoles-
cents and young adults will be addressed separately. Second, to
examine whether specific executive functions profit to a similar
extent from physical exercise, we investigated the effects of exercise
on domains of executive functioning. Following Pennington and
Ozonoff,32 we thereby distinguished between the following execu-
tive functions: inhibition/interference control, working memory,
set-shifting, cognitive flexibility, contextual memory and planning.

METHODS
This meta-analysis was performed according to the guideline
provided by Stroup et al50 This guideline provides checklists
and gives instructions for presentation of meta-analytic results,

such as detailed tables and summaries of study estimates and
combined estimates.

Study selection and description
This meta-analysis included studies that (1) examined the effects
of physical exercise on executive functions in preadolescent chil-
dren (6–12 years of age), adolescents (13–17 years of age) or
young adults (18–35 years of age), (2) included groups of indivi-
duals with a mean age ≤30 years, because developmental
changes in white and grey matter have been found up to about
30 years of age51–53 and (3) examined either acute or chronic
physical exercise. The electronic databases PubMed (early
1800–2012), EMBASE (1974–2012) and SPORTDiscus (1830–
2012) were searched for relevant studies. The search terms
‘physical activity’, ‘physical exercise’, ‘training’, ‘aerobic exer-
cise’, ‘executive functions’, ‘children’, ‘youth’, ‘adolescence’,
‘young adults’ and equivalents were combined to locate studies,
and reference lists of retrieved studies were searched to locate
other relevant studies. The searches were limited to studies pub-
lished in the English language and indexed in one of the data-
bases before 1 April 2012. A flow diagram of identification,
screening and the inclusion of selection of studies is shown in
figure 1.54 If multiple studies were published using the same
participants, only the study with the largest sample was included
to prevent the use of correlated data that would inflate homo-
geneity.55–57 A total of 20 articles was selected. Because 3 arti-
cles reported on more than one experiment (table 1), 25 studies
were extracted for the meta-analysis. For three studies, no data
were provided that allowed the calculation of effect sizes.65–67

Therefore, we contacted the authors by email to establish
missing details in the results sections of the written reports.

Study quality
The quality of included studies was assessed by two authors (LV
and MK) independently according to the Newcastle-Ottowa
Scale.68 Because not all items were applicable to crossover designs
and RCTs without patient groups, (eg, quality of follow-up mea-
surements), the scores ranged from 0 to 6 for crossover designs and
from 0 to 7 for RCTs. The measure allows the quantification of
study quality according to the selection of individuals (2 points),
comparability of experimental and control groups (2 points) and
exposure of individuals to the condition assessed (3 points).
Consequently, higher quality studies receive higher scores (0–7
points). Inter-rater discrepancies were resolved by consensus.

Statistical analysis
Statistical analysis was performed using Comprehensive
Meta-Analysis69 and SPSS software.70 Effect sizes for all individ-
ual studies were calculated (Cohen’s d) and weighted by the
study inverse variance, thereby accounting for sample size and
measurement error.71 Subsequently, meta-analytic effect sizes
were calculated using a fixed approach for homogeneously dis-
tributed effect size data,72 whereas a random approach was used
for heterogeneously distributed effect size data.73 Meta-analytic
effect sizes were based on a minimum of two studies.
Heterogeneity of the data for each meta-analytic effect size was
assessed using Q-testing,74 75 and it was investigated whether
study quality was a moderator of effect sizes using
meta-regression analysis. Positive effect sizes indicate better per-
formance on tests of executive functions in the experimental
condition as compared to the control condition. Cohen’s guide-
lines for interpretation of effect sizes were applied, translating
d=0.2 into small, d=0.5 into moderate and d=0.8 into large
effect sizes.76
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First, we determined the effects of acute (n=19) and chronic
(n=5) physical exercise on executive functions across the three
age groups and for the three age groups separately. Second, we
calculated meta-analytic effect sizes to investigate the effects of
physical exercise on specific executive function domains. Third,
to investigate the effects of duration of the physical exercise
interventions on executive functions, meta-regression was per-
formed. Regression slopes were manually standardised by multi-
plying them with the ratio of the SD of the independent
variable (duration of physical exercise) and the SD of the
dependent variable (executive function outcome)77 and inter-
preted as correlation coefficients according to Cohen.76

The possibility of publication bias was assessed for all
meta-analytic effect sizes using three complementary methods:
(1) Rosenthal’s fail-safe N was calculated to determine the
necessary number of studies to nullify the overall effect,78

(2) linear regression methods were applied to determine the
degree of funnel plot asymmetry as proposed by Egger et al79

(3) the relation between sample size and effect sizes was assessed
using meta-regression to reveal the possible tendency that sig-
nificant results in small samples are easier to publish than non-
significant results, which would become evident by a significant
positive association between sample size and effect size.
Significance testing was two-sided. α-level was set at 0.05.

RESULTS
Table 1 displays the characteristics of the 24 studies (19 acute, 5
chronic) that were included in the meta-analysis47–49 56 66 67 80–92

and figure 2 displays the results of these studies. Meta-analytic

results, heterogeneity statistics and results of publication bias ana-
lyses are shown in table 2. Nine studies were RCTs with a control
group having seated rest on a couch or ergometer, instead of per-
forming physical exercise. Fifteen studies employed a crossover
design in which participants attended an exercise session as well as
a rest or control session (seated rest on a couch or ergometer) in
random order. Studies investigated the effects of physical exercise
on inhibition/interference control (n=13), working memory
(n=5), planning (n=4), set-shifting (n=1), and cognitive flexibility
(n=1). There were no significant negative associations between
study quality and effect sizes (standardised β=0.11, p=0.79 and
β=−0.11, p=0.44) for studies on acute and chronic physical exer-
cise, respectively).

Effects of acute physical exercise on executive function
domains
There were 19 studies investigating the effects of acute physical
exercise on executive functions, of which two studies assessed
preadolescent children, three studies assessed adolescents and
14 studies assessed young adults. Acute physical exercise had a
moderate positive overall effect (d=0.52) on executive func-
tions. Concerning age, a moderate positive effect was found in
preadolescent children, adolescents and young adults (d=0.57,
d=0.52 and d=0.54, respectively). The between group com-
parison for age-related effects was not significant (Q (2)=0.04,
p=0.98). Regarding specific domains, 12 studies reported on
the effects of acute physical exercise on inhibition/interference
control and showed a significant small-to-moderate positive
effect size (d=0.46). More specifically, there was found a

Figure 1 PRISMA54 flow diagram of
selection of studies.
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moderate positive effect on inhibition/interference control in
the preadolescent group (d=0.57), a moderate effect in the ado-
lescent group (d=0.52) and a small-to-moderate effect in the
young adult group (d=0.42). The between-group comparison
for age-related effects on inhibition/interference control was not
significant (Q (2)=0.13, p=0.94), indicating that acute physical

exercise has similar effects on inhibition/interference control in
the three age-groups. Four studies reported on the effects of
acute physical exercise on working memory in only young
adults. A meta-analysis of these studies showed a non-significant
effect size (d=0.05). No indications for publication bias were
found for both the meta-analytic effect size of acute physical

Table 1 Studies included for meta-analysis investigating the effects of physical exercise on executive functions

Reference N Mean age (years) Males (%) Exercise type Design Executive function Exercise duration (min)

Preadolescent children
47 64 6.1 44.7 Chronic RCT Planning58 1200
80 36 9.0 47 Chronic RCT Working memory59 21600
48 74 9.1 100 Acute RCT Inhibition/interference 20
56, High dose 61 9.2 n/a Chronic RCT Planning58 3000
56, Low dose 62 9.2 n/a Chronic RCT Planning58 1500
81 20 9.6 n/a Acute Cross-over Inhibition/interference60 20

Adolescents
82, Low fit 35 14.2 57 Acute Cross-over Inhibition/interference60 20
82, High fit 35 14.2 57 Acute Cross-over Inhibition/interference60 20
83 99 14.9 81 Acute RCT Inhibition/interference61 10

Young adults
49 27 19.7 32 Chronic RCT Inhibition/interference61 900
84 18 21.1 50 Acute Cross-over Inhibition/interference 35
85 19 21.1 42 Acute Cross-over Cognitive Flexibility 40
86 36 21.2 50 Acute Cross-over Inhibition/interference60 40
87 20 21.5 85 Acute Cross-over Inhibition/interference62 10
88, Low score 12 21.5 65 Acute Cross-over Working memory63 30
88, Middle low score 12 21.5 65 Acute Cross-over Working memory63 30
88, Middle high score 12 21.5 65 Acute Cross-over Working memory63 30
88, High score 12 21.5 65 Acute Cross-over Working memory63 30
89 22 21.6 55 Acute RCT Set-shifting 40
67 20 22.0 90 Acute Cross-over Inhibition/interference 20
90 42 22.1 31 Acute RCT Planning 30
91 76 22.5 51 Acute Cross-over Inhibition/interference62 20

92 10 23.0 70 Acute Cross-over Inhibition/interference64 30
66 12 25.7 100 Acute Cross-over Inhibition/interference62 20

n/a, not available; RCT, randomised controlled trial.

Figure 2 Effect sizes of individual studies.
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exercise on executive functions as well as for the meta-analytic
effect sizes of the effects of acute physical exercise on inhib-
ition/interference control in all three age groups. Because the
meta-analytic effect size on working memory was non-
significant, no publication bias analyses were performed. The
overall effect of acute physical exercise was heterogeneously dis-
tributed, indicating considerable differences in effect sizes
among studies. The meta-analytic effect sizes of inhibition/inter-
ference control and working memory showed no heterogeneity,
indicating minor differences in effect sizes between studies
investigating specific domains (table 2).

Effects of chronic physical exercise on executive function
domains
Five studies reported on the effects of chronic physical exercise
on executive functions. Across age groups, a meta-analysis of
these studies showed a non-significant effect size (d=0.14). Four
studies reporting on planning performance in only preadoles-
cent children showed no significant effects of chronic physical
exercise (d=0.16). For none of the meta-analytic results for the
effects of chronic physical exercise was there any evidence of
publication bias. The meta-analytic effect sizes showed no het-
erogeneity, indicating minor differences in effect sizes between
studies (table 2).

Meta-regression on the effects of duration of physical
exercise on executive functions
Duration of physical exercise did not account for a significant
proportion of the variance for both the effects of acute and
chronic physical exercise on executive functions (standardised
β=−0.29, p=0.15 and β=−0.39, p=0.35).

DISCUSSION
A moderate positive effect size of acute physical exercise on
executive functions was found (d=0.52) in a sample of 586 par-
ticipants derived from 19 studies. Inconsistent results were
found on the effects of chronic physical exercise on executive
functions, which resulted in a non-significant meta-analytic

effect size (d=0.14) in a sample of 358 participants from five
studies.

A majority of the studies examined the effects of acute phys-
ical exercise on inhibition/interference control, showing a
small-to-moderate positive effect size across age groups
(d=0.46) in a sample of 482 participants derived from 12
studies. These positive effects of physical exercise on inhibition/
interference control are encouraging and highly relevant, given
the importance of inhibitory control and interference control in
daily life. Inhibition is essential for regulation of behaviour and
emotions in social, academic and sport settings.93 94 The
importance of inhibitory control and interference control is illu-
strated by children with attention deficit/hyperactivity disorder
(ADHD), who show impaired inhibition performance as a key
cognitive deficit. In ADHD, impaired inhibition is thought to
lead to a cascade of adverse developmental outcomes including
cognitive performance, disruptive behaviour, impaired social
skills and poor academic performance.94 Interestingly, some
positive effects of physical training have been reported in chil-
dren with ADHD on both behavioural symptoms and cognitive
deficits.95 96

Although many studies have argued that physical exercise may
have stronger effects on executive functions than on other cog-
nitive functions,24 30 the literature lacks an explanation for such
selective effects of physical exercise on executive functions. It
may be speculated that a stronger elevation of CBF and cerebral
oxygenation, possibly mediated by better vascularisation, in
(pre)frontal brain areas as compared to other brain areas,
accounts for selective effects of acute physical exercise on execu-
tive functions.97 98 The possible positive effects of chronic phys-
ical exercise on executive functions may be explained by the
improved structural connectivity of the prefrontal brain areas. It
has been shown that white matter integrity in the prefrontal
cortex is important for executive functioning. The performance
of children on an inhibition task was found to be positively
related to white matter integrity in the presupplementary motor
cortex and inferior frontal cortex,99 while reduced white matter
integrity in normal ageing participants was associated with poor
inhibitory control.100 Interestingly, Marks et al101 showed that

Table 2 Meta-analytic results

Meta-analytic effect size Homogeneity Publication bias

Sample
size

Number of
studies d 95% 95% CI

p
Value Q p Value

p Egger funnel
plot

Fs
N r

Acute physical exercise 586 19 0.52 0.29to 0.76 <0.001 67.00 <0.001 0.15 304 0.25
Preadolescent children 94 2 0.57 0.22 to 0.92 <0.05 2.02 <0.001 n/a n/a n/a
Adolescents 169 3 0.52 0.26 to 0.77 <0.001 5.40 <0.0001 0.33 9 0.02
Young adults 323 14 0.54 0.22 to 0.86 <0.05 9.55 <0.0001 0.48 54 0.66

Executive function domains
Inhibition/interference control 482 12 0.46 0.33 to 0.60 <0.001 17.90 0.08 0.25 140 0.38
Preadolescent children 94 2 0.57 0.22 to 0.92 <0.05 2.02 0.16 n/a n/a n/a
Adolescents 169 3 0.52 0.02 to 0.78 <0.001 5.40 0.06 0.33 9 0.02
Young adults 172 7 0.42 0.24 to 0.58 <0.05 9.55 <0.001 0.48 54 0.66
Working memory (only young
adults)

48 4 0.05 −0.51 to 0.61 0.86 10.44 0.15 0.09 0 n/a

Chronic physical exercise 358 5 0.14 −0.04 to 0.32 0.19 5.1 0.37 0.65 0 0.63
Executive function domains

Planning (only preadolescent
children)

337 3 0.16 −0.07 to 0.39 0.18 0.89 0.24 0.73 0 0.46

Positive effect sizes indicate better performance of the experimental condition as compared to the control condition.
n/a, not available; Fs N, fail-safe N; r, correlation between sample size and effect size.
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higher levels of aerobic fitness are associated with greater white
matter integrity in prefrontal brain areas. Consequently, it may
be suggested that higher aerobic fitness levels may help in main-
taining or promoting the structural connectivity of the frontal
brain areas, mediating the positive effects of physical exercise on
executive functions, as was also suggested by Colcombe et al102

Physical exercise may be especially relevant for children, ado-
lescents and young adults at risk of obesity. A recent
meta-analysis showed that children and adolescents with obesity
had cognitive deficits that were most prominent for executive
functions.103 This may be explained by decreased levels of CBF
in predominantly prefrontal brain areas.104 105 Therefore, phys-
ical exercise may provide a promising intervention for executive
function deficits of children with obesity, possibly by prolonged
enhancement of CBF in the frontal brain regions. Furthermore,
it has been shown that body mass index (BMI) is negatively
associated with cognitive functioning.106 107 In other words, it
might be suggested that for overweight children, regular physical
exercise has a beneficial effect on executive functions, mediated
by a decrease in BMI. Interestingly, the only study reporting a
significant positive effect of chronic exercise on executive func-
tions was a study of overweight children, which investigated the
effects of 40 min sessions of physical exercise.56

Besides the relevance for overweight children, adolescents
and young adults, the present results also have repercussions for
treatment of disorders associated with executive function defi-
cits, including, for example, ADHD, obsessive-compulsive dis-
order and autism.108 Physical exercise may be an effective
method for improvement of executive functioning in these
populations. Furthermore, evidence showed that people with a
physically active lifestyle have a higher ‘cognitive reserve’, which
may delay the progressive decline of cognitive functioning in
healthy ageing and clinical populations, including people with
dementia.109 Given the trend for a more sedentary lifestyle,
worldwide ageing and the increasing prevalence of dementia,110

the results highlight the importance of engaging in physical
exercise in the general population.

This meta-analysis has some limitations. First, a majority of the
studies assessed the effects of acute physical exercise on inhibition/
interference control in young adults. Consequently, the
meta-analytic effect sizes for other executive function domains
were based on a smaller number of studies. The findings on
working memory should especially be interpreted with caution, as
the meta-analytic results are based on only four studies.
Nevertheless, current results are consistent with the findings on
working memory in the meta-analysis of Smith et al111 who found
incoherent results on the effects of physical exercise on the
working memory in the elderly. Also, only five studies addressed
the effects of chronic physical exercise on executive functions, of
which three assessed planning. Therefore, no conclusions can be
drawn on the effects of chronic physical exercise on different
executive function domains. Moreover, almost all studies investi-
gating the effects of acute physical exercise were crossover designs,
whereas the studies on the chronic effects of physical exercise were
all RCTs. Although both types are high-quality experimental
designs, the analyses in the individual studies may differ as a result
of the design, causing the meta-analytic results to be significantly
confounded.

Second, only 12 of the 25 studies monitored the heart rate of
the participants, making it impossible to investigate the role of
exercise intensity on the effects of exercise on executive func-
tions. This is an important issue because a growing body of evi-
dence suggests that moderate physical exercise appears to be
more favourable for cognitive functions as compared to light

and vigorous physical exercise. Moderate physical exercise is
defined in terms of maximal oxygen uptake (VO2max) and
maximal heart rate (HRmax), and it is suggested that the optimal
intensity should be around 60% of VO2max and HRmax.
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Another interesting observation is that the inconsistent results
of the studies reporting on the effects of chronic physical exer-
cise may be interpreted as suggesting that chronic physical exer-
cise possibly leads to a smaller positive effect on executive
functioning as compared to the effects of acute physical exer-
cise. This may be related to the delayed nature of the neuro-
physiological processes in response to chronic physical exercise
(eg, angiogenesis and neurogenesis) as compared to the acute
neurophysiological responses (ie, increased CBF). In other
words, it might be that the interventions in the present
meta-analysis on the effects of chronic physical exercise on
executive functions were not suitable in terms of the intensity,
frequency and duration of the exercise intervention to enhance
executive functioning. The discrepant findings for chronic and
acute physical exercise may also be related to differences in the
timing of the executive function assessment. In most studies on
acute physical exercise, assessment took place immediately after
the intervention, whereas most studies on chronic physical exer-
cise did not provide details on the timing of the assessment, sug-
gesting that assessments were not scheduled immediately after
the exercise intervention.

We recommend that, in future research, it should be investi-
gated whether chronic physical exercise shows effects on execu-
tive functions comparable to acute physical exercise. This is of
great relevance because regular physical exercise may not only
improve executive functions but also have other beneficial
effects including decrease of the risk for cardiovascular dis-
eases.4 Furthermore, although the current meta-analysis suggests
that there are no age-related differences in the effects of physical
exercise on executive functioning, more research on preadoles-
cent children and adolescents is needed to draw firm conclu-
sions on whether the effects of regular physical exercise are
similar for preadolescent children, adolescents and young
adults. This is relevant in respect of children with diseases and
disorders, including obesity, diabetes, ADHD and autism, who
show deficits in executive functions and may benefit more from
physical exercise interventions at younger ages, when cognitive
functioning is strongly proliferating. Additionally, it is recom-
mended that future studies monitor the heart rate to improve
comparability between studies. Connected to this, there is a
need for high-quality RCTs manipulating intensity (ie, light,
moderate and vigorous) and duration (eg, 10, 30 and 60 min)
of physical exercise interventions to enhance the understanding
of the optimal balance between the intensity and duration of
physical exercise and the effects on executive functions.

In conclusion, the present meta-analysis has important impli-
cations. First, the results suggest that acute physical exercise
enhances executive functioning, which is highly relevant in pre-
adolescent children and adolescents, given the importance of
well-developed executive functions for academic achievement
and daily life functioning.113–115 Second, the results of the
present meta-analysis might pave the road for interventions
using physical exercise to enhance executive functions in indivi-
duals with disorders characterised by executive function deficits.
Also, the results are highly relevant, given the current increase
in obesity in children and adolescents and the increase in seden-
tary behaviour in these age-groups.116
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