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Gonceptual model for the effects of physical activity on mental health outcomes in children and adolescents. ADHD, attention-deficit/hyperactivity disorder.

The World Health Organization
defines mental health as a state of
well-being and effective functioning
in which an individual realizes his or
her own abilities, is resilient to the
stresses of life, and is able to make

a positive contribution to his or her
community.! Cognitive function,
defined as mental processes that
contribute to perception, memory,
intellect, and action, provides a core
foundation upon which mental health
(both well-being and ill-being) is
established.? There is conceptual
overlap among common indicators of
well-being, which commonly include
constructs of global self-esteem,
subjective well-being, quality of life,
and psychological resilience. For the
purpose of the current review, the
term ill-being is used to represent
preclinical psychological states and
clinically diagnosed mental health
disorders (Supplemental Table

4 provides definitions for these
variables).

Childhood and adolescence
represents a period of rapid growth
and development characterized by
neuronal plasticity,? formulation of

self-concept,* and the establishment
of behavioral patterns that may
enhance or diminish mental

health.® This period may be critical
for improving mental health, and

the delivery of physical activity
interventions might be 1 way of
achieving such improvements.®
Although a bidirectional relationship
between physical activity and mental
health could exist, experimental
studies conducted with youth have
shown that increasing physical
activity has small but positive effects
on a range of cognitive and mental
health outcomes.®-2 Despite an
increasing number of experimental
studies reporting the cognitive

and mental health benefits of
participating in physical activity, the
underlying mechanisms responsible
for the positive effects have not been
established.10-12

The ability to explain how and under
what conditions mental health
changes occur may facilitate the
delivery of successful interventions.
Thus, the goals of the current article
were as follows: (1) to present a
conceptual model for explaining

the effects of physical activity

on cognitive and mental health
outcomes in young people; and (2)
to conduct a systematic review of
physical activity interventions that
have examined the impact on mental
health outcomes and potential
mechanisms in child and adolescent
populations. The conceptual

model includes 3 broad potential
mechanisms (neurobiological,
psychosocial, and behavioral),
which are summarized in Fig 1

and explained in more detail in the
following sections.

ELEMENTS OF CONCEPTUAL MODEL

Neurobiological Mechanisms

The neurobiological mechanism
hypothesis proposes that
participation in physical activity
enhances cognition and mental
health via changes in the structural
and functional composition of the
brain.!31* In a review, Voss et all5
identified 3 broad categories of
neurobiological mechanisms
responsible for cognitive functioning,
involving changes in the central
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nervous system: (1) cells, molecules,
and circuits that, with current scientific
techniques, are only detectable in
animal studies (eg, neurogenesis);

(2) biomarkers (eg, gray matter volume,
cerebral blood volume, flow); and (3)
peripheral biomarkers (eg, circulating
growth factors, inflammatory markers)
that can be observed in humans.

Neuroimaging techniques (eg, MR,
functional MRI [fMRI], and event-
related brain potentials) have been
used to identify structural and
functional mechanisms that may
explain the relationship between
physical activity, cardiorespiratory
fitness, and cognition.'® Such
techniques do not provide a direct
measure of mechanism change;
instead, they represent the outcome
of some other mechanistic change
in the brain that is not directly
measurable in human subjects. The
animal literature has identified a
number of mechanistic examples
(eg, changes in brain-derived
neurotrophic factor). Research

in rodents has indicated that
running increases cell proliferation,
survival, and differentiation.!”
Furthermore, exercise stimulates
the growth of new capillaries,
which are critical for the transport
of nutrients to neurons.!® Brain-
derived neurotrophic factor,
insulin-like growth factor 1, and
vascular endothelial growth

factor are neurochemicals that
increase with exercise and
facilitate the downstream effects
of cardiorespiratory exercise on
brain structure, function, and
cognition.!® These neurochemicals
are highly concentrated within the
hippocampus, as well as various
other brain regions.?? Evidence
also exists for the benefits of
cardiorespiratory fitness on the
structure of the brain’s cortical (eg,
frontal lobes, anterior cingulate) and
subcortical (eg, hippocampus, basal
ganglia) regions.?1.22

There may also be neurobiological
explanations for the effects

of physical activity on well-

being and ill-being, through the
release of endogenous opioids

and their interaction with other
neurotransmitter systems.!4
Participation in physical activity is
believed to lead to the release of
endorphins, which can ease pain
and produce a feeling of euphoria.l#
However, there is little empirical
evidence to support this assertion

in adults'# or children.?? It is
unknown if the short-term pleasure
that individuals experience during
physical activity is due to endorphins
and to what extent this action
contributes to improved mental
health in young people over time.
The “feel good” effect of activity may
be due to changes in 1 or more brain
monoamines, with the strongest
evidence available for dopamine,
noradrenaline, and serotonin.!3

Psychosocial Mechanisms

Drawing upon both hedonic?*

and eudemonic?526 perspectives
(Supplemental Table 4), physical
activity has the potential to improve
well-being via a range of psychosocial
mechanisms. Several theoretical
frameworks propose that well-
being is achieved by satisfying

basic psychological needs for

social connectedness, autonomy,
self-acceptance, environmental
mastery, and purpose in life.27.28

Our psychosocial mechanism
hypothesis recognizes that physical
activity provides an opportunity

for social interaction (relatedness),
mastery in the physical domain (self-
efficacy and perceived competence),
improvements in appearance
self-perceptions (body image),

and independence (autonomy).

In addition, physical activity can
facilitate interaction with the natural
environment?%and potentially
improve mood, which may affect
wider affective states and other
indicators of well-being.

Consistent with existing theoretical
models,3%31 participation in physical

activity may lead to improved task
self-efficacy (ie, one’s confidence

in their ability to perform specific
activities), which generalizes first to
broader physical self-concept and
then to global self-esteem. However,
physical activity may also have a
negative impact on mental health
outcomes among children and
adolescents in certain contexts and
circumstances.32-33

For example, poorly designed

and delivered physical education
lessons may thwart students’ needs
satisfaction and lead to decreases
in perceived competence and global
self-esteem. Similarly, participation
in physical activity may also
influence physical self-perceptions
within the appearance subdomain
(eg, perceived attractiveness, body
image).34

Short-term experimental studies
have shown promising effects

on self-reported well-being
immediately after exercise in natural
environments, which are not seen
after the same exercise indoors.?’
These findings are grounded in the
theory that humans are biologically
predisposed to be attracted to nature
and have spent the majority of their
evolutionary history in natural
environments.3> Among adults,
connectedness to nature has been
found to be positively associated
with mental health outcomes.36 In
addition, the restorative properties
of natural environments may explain
why participation in physical activity
in natural environments has mental
health benefits.3738

Behavioral Mechanisms

The behavioral mechanism
hypothesis proposes that changes

in mental health outcomes resulting
from physical activity are mediated
by changes in relevant and associated
behaviors. In particular, participation
in physical activity may improve
sleep duration, sleep efficiency,3940
sleep onset latency,*! and

reduce sleepiness.*? In addition,
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participation in physical activity
programs may also influence self-
regulation and coping skills that have
subsequent implications for mental
health.

Participation in physical activity is
recommended for the management of
adolescents experiencing sleepiness
and fatigue.*3 Although the majority
of studies reporting a relationship
between sleep-related outcomes and
physical activity have been cross-
sectional, it is plausible to suggest
that increasing energy expenditure
through activity may influence

sleep patterns, which may, in turn,
improve mental health outcomes. Of
note, a systematic review and meta-
analysis concluded that insufficient
sleep was associated with deficits in
higher order and complex cognitive
functions and with an increase in
behavioral problems in children.44

Participation in physical activity
provides an opportunity for the
development of self-regulation and
coping skills that may influence
mental health. For example, yoga
is a holistic system of multiple
mind-body practices for mental
and physical health that includes
relaxation practices, cultivation

of awareness/mindfulness, and
meditation*s that help develop
coping skills. A systematic review
concluded that yoga may have utility
for treating anxiety or anxiety-related
disorders in child and adolescent
populations.*® The development
of self-regulation and coping skills
promoted in recreational activities
such as yoga and martial arts may
explain the positive effects of these
activities on mental health.4647

Summary of Conceptual Model

Numerous reviews have
demonstrated the positive impact
of physical activity on cognitive and
mental health outcomes in child and
adolescent populations,®8? and a
range of potential mechanisms have
been described.10-12 These factors
are summarized in the conceptual

model in Fig 1. To our knowledge,
the current article is the first
systematic review of the mechanisms
responsible for the effects of physical
activity on cognitive and mental
health in young people.

METHODS

The conduct and reporting of this
review adhered to the guidelines
outlined in the Preferred Reporting
Items for Systematic Reviews and
Meta-analysis statement.*8

Study Eligibility Criteria

1. Types of participants: Participants
were school-aged (ie, 5-18 years)
at baseline. Studies targeting
populations with learning
difficulties, cognitive deficits, and
developmental disorders were not
included.

2. Types of interventions: Any
school-, home-, or community-
based physical activity
intervention or laboratory-
based exercise intervention.
Obesity prevention or treatment
interventions that included a
dietary component were not
eligible for inclusion.

3. Types of mental health outcome
measures: Studies were included if
they reported statistical analyses
of changes in cognitive function or
indicators of global well-being or
ill-being.

4. Types of potential mediators:
Studies were included if they
reported statistical analyses
of changes in potential
neurobiological, psychosocial, and
behavioral mechanisms.

5. Types of study designs: Study
designs included experimental
or quasi-experimental (ie,
nonrandom allocation of
participants to groups) studies of
at least 1 week in duration.

Information Sources and Search
Strategy

Six electronic databases (PubMed,
PsycINFO, SCOPUS, Ovid Medline,
SportDiscus, and Embase)

were searched from the year of
their inception up to July 2015
(Supplemental Table 5). An
additional search of recently
published systematic reviews
examining the effects of physical
activity on mental health outcomes
was conducted, and the reference
lists of all retrieved studies were
reviewed.

Data Extraction

Study data relating to methodology,
assessment period, participant
characteristics, intervention setting,
intervention facilitator/delivery,
and intervention description were
extracted and are reported in
Supplemental Table 6.

Risk of Bias Assessment

Risk of bias was assessed by using
the Physiotherapy Evidence Database
scale.*? This scale consists of 11
separate items representing different
sources of potential bias in scientific
research (Supplemental Table 7).

RESULTS

Overview of Studies

Fig 2 displays the flow of studies
through the review process. After
the exclusion of duplicates, the
initial database search yielded 7118
potentially relevant citations, of
which 97 were retained for full-text
review (Supplemental Table 6). From
this phase, 18 articles satisfied the
inclusion criteria and an additional

7 relevant articles were identified
from the reference lists of included
articles and hand-searches. The
studies were conducted in North
America (12 in the United States and
2 in Canada), Europe (1 each in the
United Kingdom, Spain, Switzerland,
Sweden, France, Norway, and
Portugal), Oceania (3 in Australia),
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and Asia (1 in China). In total, 20
studies used a randomized controlled
trial (RCT) design (5 cluster RCTs),
and the remaining 5 studies used a
nonrandomized controlled design.
The sample size for included studies
ranged from 18 to 1273.

Risk of Bias for Included Studies

Detailed information on the risk

of bias for the included studies is
presented in Supplemental Table 7.
In total, 12 (48%) studies satisfied
fewer than one-half of the risk of bias
criteria, and 6 (24%) studies satisfied
two-thirds or more. The most
consistently satisfied criteria were
items 1 (“eligibility criteria” [80% of
studies]) and 10 (“between-group
comparisons” [100% of studies]); the
most poorly satisfied were items 5
(“blinded subjects” [no studies]) and
6 (“blinded intervention facilitators”
[no studies]).

Neurobiological Mechanisms

Six articles (3 unique studies)

tested the effects of physical

activity intervention on potential
neurobiological mechanisms and
cognitive outcomes (Table 1),

all of which were RCTs.”22:50-53

The sample size for these studies
ranged from 18 to 221, and studies
exclusively targeted children (age
range, 7-11 years). A variety of
potential neurobiological mechanisms
were evaluated, but there was

little overlap between studies. For
example, included studies evaluated
characteristics of brain structure

and functioning across a variety of
brain regions using MRI, fMRI, and
electroencephalography. The specific
outcomes assessed within these
studies also varied but were all related
to aspects of cognitive performance.
Significant changes in at least 1
potential mechanism were reported
in 5 (83%) studies, and effects for
atleast 1 cognitive outcome were
also found in 5 studies. Four studies
examined associations between
changes in potential mechanisms and

Records identified through
database search (N = 7602)

Duplicates excluded (n = 484)

A

Records screened by title and
abstract (n = 7118)

Records excluded (n = 7021)

v

Full-text assessed for
eligibility (n =97)

v

Additional relevant articles
retrieved (n = 7)

Full-text excluded with reasons (n = 79)

Study sample too old/young (n = 5)
Inappropriate study design (n = 29)
No mechanisms assessed (n = 11)
No mental health outcomes (n = 23)
No physical activity intervention
(n=10)

No refereed journal article (n = 1)

Studies included in review
(n=25)

FIGURE 2
Flow of studies through the review process.

changes in mental health outcomes,
and significant associations were
found in 2 of these studies.

Psychosocial Mechanisms

Eighteen studies examined the effects
of physical activity interventions

on psychosocial mechanisms and
mental health outcomes®4-71; 13

of these were RCTs, and 5 were
quasi-experimental trials (Table 2).
Study sample sizes ranged from 20

to 1273, and studies targeted both
children and adolescents. The most
commonly evaluated psychosocial
mechanisms were physical self-
concept and physical self-perceptions
(encompassing competence,

appearance, and fitness subdomains).
A range of mental health outcomes
were evaluated, with studies reporting
the effects of the interventions on
self-esteem, depression, quality of
life, psychological well-being, vitality,
general self-efficacy, and positive/
negative affect. Of the 18 studies,

12 (67%) reported a significant
intervention effect for at least 1
potential mechanism, and 11 (61%)
reported a significant intervention
effect for at least 1 mental health
outcome.

Behavioral Mechanisms

Only 2 studies®®72 evaluated the
effects of interventions on behavioral
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TABLE 1 Physical Activity Intervention Effects on Neurobiological Mechanisms and Cognitive Outcomes

Study

Mechanism

Physical Activity Effect
on Mechanism

Changes in Mech

Cognitive Outcomes?

anism and Physical Activity Effect on Cognitive

Outcomes

Chaddock-Heyman et al
(2013)50

Davis et al (2011)%2

Kamijo et al (2011)%'

Krafft et al (2014)52

Krafft et al (2014)53

Hillman et al (2014)7

Right anterior prefrontal cortex
Anterior cingulate cortex

Bilateral prefrontal cortex
Bilateral posterior parietal cortex

Initial contingent negative variation

Terminal contingent negative
variation

Antisaccade imaging results
Bilateral precentral gyrus

Medial frontal gyrus
Paracentral lobule
Postcentral gyrus
Superior parietal lobule
Inferior parietal lobule
Anterior cingulate cortex
Right inferior frontal gyrus
Insula and left precuneus

Flanker imaging results
Left medial frontal gyrus
Superior frontal gyrus
Middle frontal gyrus
Superior temporal gyrus
Cingulate gyrus and insula
White matter structure

Neuroelectric index of attention (P3
amplitude); Processing speed (P3
latency)

NS

NS

+ (incongruent and
heterogeneous
trials only)

+
+

NR

All NS®

AIINS

Neutral reaction time (-)P
Incongruent reaction time (-)°
Incongruent accuracy (+ trend)

Neutral accuracy (+)
No-go accuracy (NS)
Planning (+)
Attention (NS)
Simultaneous (NS)
Successive (NS)
Broad math (+)
Broad reading (NS)
Working memory (+)

Response inhibition (NS)
(antisaccade task)

Response selection (NS)
(flanker task)

Cognitive function composite (NS)
Planning (NS)
Attention (NS)

Simultaneous processing (NS)
Successive processing (NS)
Global executive function (-)®
Metacognition index (-)°
Attentional inhibition
Response accuracy (+)
Reaction time (NS)
Cognitive flexibility
Response accuracy (+)¢
Reaction time (NS)

+, significant increase or association; —, significant decrease or association; NS, nonsignificant (P > .05) for group-by-time interaction; NR, not reported.
@ The relationship between changes in hypothesized mechanism and changes in one or more cognitive outcomes.
b Decrease in scores reflects better performance.

¢ Decrease in activation in the right superior parietal lobule was correlated with faster error latencies.

4 Intervention session attendance was correlated with the magnitude of change in P3 amplitude and latency, as well as response accuracy.

e Significant for heterogeneous.

mechanisms, and of these, only
changes in self-regulation skills were

assessed (eg, self-control) (Table 3).

One of the 2 studies’? reported
significant intervention effects for
self-regulation, but neither study

DISCUSSION

Despite consensus that physical
activity plays an important role in

reported a significant impact on
mental health.

promoting optimal cognitive and
mental health in young people,”? little
is known regarding the mechanisms
by which this effect works. Through
our systematic review, we mapped
arange of potential mechanisms
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TABLE 2 Physical Activity Intervention Effects on Psychosocial Mechanisms and Mental Health Outcomes

Study

Potential Mechanisms

Physical Activity Effect
on Mechanism

Changes in Mechanism and
Changes in Mental Health

Physical Activity Effects on Mental
Health Outcomes

Annesi (2005)%*

Casey et al (2014)%

Laberge et al (2012)%
Lindgren et al (2011)%

Daley et al (2006)%

Petty et al (2009)%9

Riiser et al (2014)60
Schneider et al
(2008)8!

Schranz et al (2013)52

Seabra et al (2014)6%

Velez et al (2010)84

Ha et al (2015)%5

Robinson et al (2010)6

Kriemler et al (201057

Ebbeck and Gibbons
(1998)68

Maiano et al (2007)59

Marsh and Peart
(1988)70

del Valle et al (2010)"

Physical self-concept

Physical functioning
Psychosocial functioning
Perceived sport competence
Family support

Friend support

Social competence
Interethnic relationships
Support barriers to exercise
Social barriers to exercise
Physical self-concept
Perceived sport competence
Perceived fitness

Physical appearance
Perceived strength

Social competence

Physical appearance

Social acceptance

Perceived sport competence
Body image

Perceived health

Perceived coordination
Perceived body fat
Perceived appearance
Perceived endurance
Perceived coordination
Perceived sport competence
Perceived flexibility
Resistance training self-efficacy
Exercise self-efficacy
Physical self-concept

Body image

Perceived sport competence
Perceived sport competence
Perceived fitness

Perceived body attractiveness
Perceived strength

Physical self-concept
Physical well-being
Autonomy and parent relation
Peer and social support
School environment

Body shape dissatisfaction

Physical quality of life

Perceived athletic competence
Perceived physical appearance
Social acceptance

Physical self-worth

Perceived fitness

Perceived sport competence
Perceived physical attractiveness
Perceived strength

Perceived sport competence

Perceived physical appearance
Relations with same sex peers
Relations with opposite sex peers
Physical function

Physical role

+

+ o+ 4+ o+ =+ o+

=== = =
ZRZRZ R IR

NS

NS
NS
NS
NS
NS

NS
NS
NS
NS

+

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NS
NS
NR
NR
NR
NR
NR
NR
NR
NR
NR
NS
NS
NS
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR

NR
NR
NR
NR
NR
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Self-concept (+)
Depression (=)
Quality of life (+)

Self-esteem (NS)
General self-efficacy (+)
Self-esteem (+)
Depression (NS)

Positive affect (NS)
Negative affect (NS)

Depression (=)
Self-esteem (+)

Quality of life (NS)
Self-esteem (NS)

Self-esteem (+)

Self-esteem (+)

Self-esteem (+)

Psychological well-being (NS)

Depression (-)
Self-esteem (NS)
Quality of life (NS)
Self-esteem (+)

Self-esteem (NS)

Self-esteem (NS)

Vitality (NS)
Emotional role (NS)



TABLE 2 Continued
Study

Potential Mechanisms Physical Activity Effect

on Mechanism

Changes in Mechanism and
Changes in Mental Health

Physical Activity Effects on Mental
Health Outcomes

Pain NS NR Mental health (NS)
General health NS NR
Social function NS NR
Physical component scale NS NR

+, significant increase or association; —, significant decrease or association; NS, nonsignificant (P > .05) for group-by-time interaction; NR, not reported.

TABLE 3 Physical Activity Intervention Effects on Behavioral Mechanisms and Mental Health Outcomes

Study Potential Mechanisms Physical Activity Effect on Changes in Mechanism and Changes in Physical Activity Effects on Mental

Mechanism Mental Health Health Outcomes
Laberge et al Self-control NS NR Self-esteem (NS)
(2012)56
Lakes and Hoyt Cognitive self-regulation + NR Emotion difficulties (NS)
(2004)™
Affective self-regulation + — Conduct difficulties (NS)
Physical self-regulation + — Hyperactivity (NS)
Freedom from distractibility NS — Peer problems (NS) Prosocial (+)

+, significant increase or association; —, significant decrease or association; NR, not reported; NS, nonsignificant (P > .05) for group-by-time interaction.

corresponding to neurobiological,
psychosocial, and behavioral
hypotheses previously described.
The strongest evidence was found
for improvements in physical self-
perceptions that accompanied
enhanced self-esteem in the
majority of studies measuring these
outcomes. Few studies examined
neurobiological (eg, brain structure
and functioning) and behavioral
(eg, self-regulation) mechanisms. In
addition, due to study heterogeneity,
we were unable to draw firm
conclusions regarding these
mechanistic pathways.

Risk of Bias Summary

Overall, the risk of bias for
included studies was mixed, with
approximately one-half of studies

failing to satisfy >50% of the criteria.

Although no studies included
blinded participants or intervention
facilitators, it is important to
recognize that these criteria are
difficult to satisfy in the context

of physical activity interventions.
Perhaps more importantly, only 1
in 5 studies reported the blinding of
assessors during data collection. In
physical activity trials, this action is

a common and meaningful source of
bias,”* which should be addressed in
future research.

Neurobiological Mechanisms

Experimental studies examining
neurobiological mechanisms have
emerged in the last 5 years, and
additional studies will continue

to emerge as technology becomes
more available. Existing studies
have investigated different

aspects of the brain by using a
variety of methods (eg, MRI, fMRI,
electroencephalography, event-
related potential) and, consequently,
the effect of any specific brain-related
mechanism on improved cognitive
function remains unclear. Hillman
et al” found that a 9-month physical
activity intervention aimed at
improving cardiorespiratory fitness
resulted in improved performance,
as well as increased attentional
resources on tasks requiring
improved inhibition and cognitive
flexibility. Furthermore, Chaddock-
Heyman et al>? found decreased
fMRI activation of the right anterior
prefrontal cortex, mirroring a more
mature or adult-like activation
pattern in a subsample of children

participating in a physical activity
intervention.

By contrast, changes in brain
activation patterns did not
correspond with between-group
differences in cognitive control

after an 8-month exercise trial

with overweight children.>? It is
important to note that the study
conducted by Davis et al?2 involved
overweight/obese children and used
the anticascade task, whereas the
participants in the study by Hillman
et al” were of a healthy weight status
and a flanker task was used. Of note,
these tests tap into different aspects
of inhibitory control (perceptual
interference versus behavioral
inhibition), and it is unclear that the
2 studies should corroborate one
another.

Future studies should aim to
replicate the findings of previous
research and test the transferability
of these findings into real-world
settings (eg, schools). Because

none of the studies included in the
review targeted adolescents, there
is a strong rationale for examining
neurobiological mediators in this
population. Indeed, should clear
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evidence of the efficacy of physical
activity programs for improving
cognition become available, the
question of timing will be a critical
factor for educators and physical
activity researchers alike. Whether
childhood or adolescence offers
greater potential for improving
cognitive functioning would clearly
be of interest, and more experimental
evidence from across the age
spectrum would help shed light on
this question.

Psychosocial Mechanisms

There was evidence for a causal link
between physical self-perceptions
and indicators of well-being

(eg, self-concept, self-esteem).

Of note, changes in appearance
self-perceptions coincided with
improvements in self-esteem in 5

of the 6 studies evaluating these
constructs together. Similarly,
improvements in physical self-
concept and perceived competence
coincided with improvements in self-
esteem in 2 of 3 studies and 3 of 4
studies, respectively. These findings
are consistent with the predictions of
the Exercise and Self-Esteem Model3?
and the Shavelson model of self-
concept.3! As previously described,
improvements in specific physical
self-perceptions (eg, perceived

sport competence) are hypothesized
to generalize to improvements

in overall physical self-concept

and ultimately to enhanced self-
esteem. According to the theory,
improvements in self-esteem should
be expected in the presence of
positive changes in self-perceptions
or self-concept. Encouragingly, this
outcome is what was observed in

the majority of these studies. In

1 study,>® the effect of an aerobic
exercise intervention on depressive
symptoms among overweight
children was partially mediated by
changes in perceived appearance and
global self-worth. This study suggests
that perceptions of the self are indeed
related to ill-being in youth.

Connectedness with others is
universally accepted as an important
component of well-being, and this
construct features prominently in
current psychological theories.?4-26
In the studies included in the
current review, relatedness was
often operationalized as “social
acceptance” (ie, the belief that one

is valued and accepted by others).
Social acceptance was measured in

3 studies,>85968 and each of these
studies also examined the effects

of interventions on self-esteem.
Interestingly, although significant
intervention effects were reported
for social acceptance in only 1 study,>®
improvements in self-esteem were
found in all 3 studies. Considering
the recognized importance of this
construct for well-being, this finding
is perhaps surprising. However,
individuals can have strong feelings
of social connectedness, and at the
same time perceive themselves

as physically unattractive and
incompetent in sport and exercise
settings. In such cases, these
individuals would have little
capacity to improve feelings of social
acceptance through participation in a
physical activity program.

Behavioral Mechanisms

No relevant studies investigating
sleep-related variables were
identified through the search,
highlighting a clear gap in the
literature. Only 2 studies investigated
the effects of interventions on self-
regulation skills, and the findings
were mixed. For example, Lakes and
Hoyt’? reported positive effects on
cognitive, affective, and physical
self-regulation skills after a 3-month
school-based martial arts training
intervention. Conversely, Laberge

et al>® found no effect for self-control
among underserved adolescents
participating in a physical activity
intervention targeting the school
lunch hour. In addition, neither study
reported positive effects for mental
health indicators.

As illustrated, there is a clear lack
of studies examining the effect of
potential behavioral mechanisms
on changes in mental health. It

is plausible that the adoption of
behavioral management strategies
could assist young people to feel
more in control, and hence more
satisfied with their lives. Not
included in our original search, but
worthy of investigation, are academic
behaviors (distinct from academic
performance), such as time on
task’5 and homework completion;
these behaviors may improve after
participation in physical activity.”3
Additional behaviors, such as drug
taking (eg, smoking and alcohol), diet,
and recreational screen-time may
also mediate the effect of physical
activity interventions on cognitive
and mental health outcomes.

Limitations of the Gurrent Review

A small number of studies satisfied
our eligibility criteria, and there was
considerable heterogeneity among
studies. It is likely that there are
other neurobiological, psychosocial,
and behavioral variables not included
within our conceptual model

that might explain cognitive and
mental health outcomes in young
people. Therefore, our conceptual
model should not be considered

a complete picture but rather an
important starting point to be
reconciled through future research.
[t is important to note the following
possibilities: (1) there may be a
bidirectional relationship between
physical activity and mental health;
and (2) multiple independent
mechanisms may influence mental
health outcomes in parallel or via
interaction with each another.

Summary of Research
Recommendations

None of the studies included in
this review examined potential
mechanisms using an accepted
statistical mediation analysis
technique.’® To enable robust
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meta-analyses, future studies should
report standardized regression
coefficients for the following:

(1) the effect of interventions on
potential mechanisms; (2) the effect
of interventions on mental health
outcomes; and (3) the association
between changes in potential
mechanisms and changes in mental
health outcomes. Researchers are
encouraged to answer the following
research questions and provide
support for our conceptual model.

Neurobiological Questions

e What are the specific brain
structures/networks and cognitive
functions most influenced by
physical activity?

e How does varying the intensity of
physical activity differentially alter
the effects on brain structure and
function?

Psychosocial Questions

e How can the design and delivery of
physical activity interventions be
maximized to enhance their effect
on physical self-perceptions?

e What is the relative importance
of participant experience of the
physical activity intervention and
the physiologic dose received?

e What is the role of social
interaction in a physical activity
context for affecting mental health?

e What influence does the natural
environment have on enhancing
the mental health benefits of
physical activity for young people?

Behavioral Questions

e What is the role of sleep as a
mediator for the effect of physical
activity on cognitive function, well-
being, and ill-being?

e What type of physical activity
supports academic behaviors
(eg, time on task and homework
completion) and subsequent
cognitive development?

e Can improvements in motor skill
proficiency enhance cognitive
outcomes?

CONCLUSIONS

Systematic reviews and meta-
analyses have shown that physical
activity interventions can improve
cognitive and mental health in young
people, but our review identified

a lack of available evidence for the
specific mechanisms responsible for
these effects. However, our review
has established that participation

in physical activity can improve
physical self-perceptions and

enhance self-esteem in young people.

Our findings highlight several
important gaps in the research
literature and emphasize the need

for more high-quality experimental
research to examine the specific
paths of influence between physical
activity participation and improved
mental health. In particular, future
studies should conduct statistical
mediation analyses, using the
conceptual model provided herein
as a framework. Improving our
understanding of how physical
activity improves mental health in
child and adolescent populations may
assist in the design of interventions
to optimize their possible impact on
these critically important outcomes.
Finally, elucidating the mechanisms
underpinning the effect of physical
activity on cognition, well-being, and
ill-being may provide the necessary
impetus for schools, governments,
and policy makers to prioritize
physical activity promotion.

ACKNOWLEDGMENTS

The authors thank Natasha Whyte
for her assistance in the retrieval of
journal articles.

ABBREVIATIONS

fMRI: functional MRI
RCT: randomized controlled trial

contributed to the data interpretation, and writing and revision of the sections regarding cognition and brain; he also provided general revision and commentary
to the entire manuscript; Drs Faulkner and Kelly contributed to the study design and conceptualization, interpretation of results, assistance with drafts, and
editing the manuscript; Drs Beauchamp and Biddle contributed to the study design and conceptualization, interpretation of results, and drafting and editing of
the final manuscript; Dr Nilsson contributed to the interpretation of findings and revision of the sections regarding cognition and brain; he also provided general
revision and commentary to the final manuscript; Dr Smith conducted the risk of bias assessment for the included studies and was involved in the interpretation
of findings and drafting and editing of the final manuscript; and Ms Raine contributed to the drafting of the cognition and brain sections of the manuscript, as
well as the interpretation of the results; she also provided general revision and commentary to the entire manuscript.

This protocol has been registered with the International Prospective Register of Systematic Reviews (PROSPERO 2015:CRD42015024116).

DOI: 10.1542/peds.2016-1642
Accepted for publication Jun 30, 2016

Address correspondence to David Lubans, PhD, Priority Research Centre for Physical Activity and Nutrition, University of Newcastle, University Drive, Callaghan
NSW, Australia 2308. E-mail: david.lubans@newcastle.edu.au

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2016 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.

Downloaded from www.aappublications.org/news by guest on January 24, 2019

LUBANS et al



FUNDING: Funding provided by an Australian Research Council Future Fellowship Grant (FT 140100399).
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

REFERENCES

1.

World Health Organization. Promoting
Mental Health: Concepts, Emerging
Evidence, Practice: A Report of the
World Health Organization, Department
of Mental Health and Substance Abuse
in Collaboration With the Victorian
Health Promotion Foundation and

the University of Melbourne. Geneva,
Switzerland: World Health Organization;
2005

. Gale CR, Cooper R, Craig L, et al.

Cognitive function in childhood

and lifetime cognitive change in
relation to mental wellbeing in four
cohorts of older people. PLoS One.
2012;7(9):e44860

. Sisk CL, Zehr JL. Pubertal hormones

organize the adolescent brain and
behavior. Front Neuroendocrinol.
2005;26(3—4):163—174

. Sebastian G, Burnett S, Blakemore

SJ. Development of the self-concept
during adolescence. Trends Cogn Sci.
2008;12(11):441-446

. Sawyer SM, Afifi RA, Bearinger LH,

et al. Adolescence: a foundation
for future health. Lancet.
2012;379(9826):1630—1640

. Biddle SJ, Asare M. Physical activity

and mental health in children and
adolescents: a review of reviews. BrJ
Sports Med. 2011;45(11):886—-895

. Hillman CH, Pontifex MB, Castelli DM,

et al. Effects of the FITKids randomized
controlled trial on executive control
and brain function. Pediatrics.
2014;134(4). Available at: www.
pediatrics.org/cgi/content/full/134/4/
e1063

. Best JR. Effects of physical activity

on children’s executive function:
Contributions of experimental
research on aerobic exercise. Dev Rev.
2010;30(4):331-551

. Larun L, Nordheim LV, Ekeland E, Hagen

KB, Heian F. Exercise in prevention and
treatment of anxiety and depression
among children and young people.
Cochrane Database Syst Rev.
2006;(3):CD004691

10.

Whitelaw S, Teuton J, Swift J, Scobie G.
The physical activity-mental wellbeing
association in young people: a case
study in dealing with a complex
public health topic using a ‘realistic
evaluation’framework. Ment Health
Phys Act. 2010;3(2):61-66

. Gaudlitz K, von Lindenberger BL,

Zschucke E, Strohle A. Mechanisms
underlying the relationship between
physical activity and anxiety. In:
Ekkekakis P, ed. Routledge Handbook
of Physical Activity and Mental
Health. London, England: Routledge;
2013:117-129

. Craft LL. Potential psychological

mechanisms underlying the exercise
and depression relationship. In:
Ekkekakis P, ed. Routledge Handbook
of Physical Activity and Mental
Health. London, England: Routledge;
2013:161-168

. Lin TW, Kuo YM. Exercise benefits brain

function: the monoamine connection.
Brain Sci. 2013;3(1):39-53

. Dishman RK, 0’Connor PJ. Lessons

in exercise neurobiology: the case of
endorphins. Ment Health Phys Act.
2009;2(1):4-9

. Voss MW, Vivar G, Kramer AF, van Praag

H. Bridging animal and human models
of exercise-induced brain plasticity.
Trends Cogn Sci. 2013;17(10):

525—-544

. Chaddock L, Pontifex MB, Hillman CH,

Kramer AF. A review of the relation of
aerobic fitness and physical activity
to brain structure and function in
children. J Int Neuropsychol Soc.
2011;17(6):975-985

. van Praag H. Neurogenesis

and exercise: past and future
directions. Neuromolecular Med.
2008;10(2):128-140

. Kleim JA, Cooper NR, VandenBerg

PM. Exercise induces angiogenesis
but does not alter movement
representations within rat motor
cortex. Brain Res. 2002;934(1):1-6

. Gotman CW, Berchtold NG, Christie

LA. Exercise builds brain health: key

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

roles of growth factor cascades
and inflammation. Trends Neurosci.
2007;30(9):464—472

Tang K, Xia FC, Wagner PD, Breen EC.
Exercise-induced VEGF transcriptional
activation in brain, lung and skeletal
muscle. Respir Physiol Neurobiol.
2010;170(1):16-22

Chaddock L, Erickson KI, Prakash

RS, et al. Basal ganglia volume is
associated with aerobic fitness in
preadolescent children. Dev Neurosci.
2010;32(3):249-256

Davis GL, Tomporowski PD, McDowell
JE, et al. Exercise improves executive
function and achievement and alters
brain activation in overweight children:
a randomized, controlled trial. Health
Psychol. 2011;30(1):91-98

Bouix 0, Brun JF, Fédou G, et al. Plasma
beta-endorphin, corticotrophin and
growth hormone responses to exercise
in pubertal and prepubertal children.
Horm Metab Res. 1994;26(4):195-199

Lyubomirsky S, Sheldon KM, Schkade D.
Pursuing happiness: the architecture
of sustainable change. Rev Gen
Psychol. 2005;9(2):111

Ryff CD. Happiness is everything, or
is it? Explorations on the meaning of
psychological well-being. J Pers Soc
Psychol. 1989;57(6):1069

Ryan RM, Deci EL. On happiness and
human potentials: a review of research
on hedonic and eudaimonic well-being.
Annu Rev Psychol. 2001;52(1):

141-166

Deci EL, Ryan RM. Handbook of Self-
determination Research. Rochester,
NY: University of Rochester Press; 2002

Ryff CD, Keyes CL. The structure of
psychological well-being revisited.
J Pers Soc Psychol. 1995:69(4):719-727

Thompson Coon J, Boddy K, Stein

K, Whear R, Barton J, Depledge MH.
Does participating in physical activity
in outdoor natural environments

have a greater effect on physical and
mental wellbeing than physical activity

Downloaded from www.aappublications.org/news by guest on January 24, 2019
PEDIATRICS Volume 138, number 3, September 2016



30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

indoors? A systematic review. Environ
Sci Technol. 2011;45(5):1761-1772

Sonstroem RJ, Morgan WP. Exercise
and self-esteem: rationale and
model. Med Sci Sports Exerc.
1989;21(3):329-337

. Shavelson RJ, Hubner JJ, Stanton GC.

Self-concept: validation of construct
interpretations. Rev Educ Res.
1976;46(3):407—-441

Richards J, Foster C. Sport-for-
development interventions: whom do
they reach and what is their potential
for impact on physical and mental
health in low-income countries? J Phys
Act Health. 2013;10(7):929-931

Richards J, Foster G, Townsend

N, Bauman A. Physical fitness and
mental health impact of a sport-for-
development intervention in a post-
conflict setting: randomised controlled
trial nested within an observational
study of adolescents in Gulu, Uganda.
BMC Public Health. 2014;

14(1):619

Kipp LE, Weiss MR. Physical activity
and self-perceptions among children
and adolescents. In: Ekkekakis P,

ed. Routledge Handbook of Physical
Activity and Mental Health. London,
England: Routledge; 2013:187—189

Kellert SR, Wilson EQ. The Biophilia
Hypothesis. Washington, DC: Island
Press; 1995

Capaldi CA, Dopko RL, Zelenski JM.

The relationship between nature
connectedness and happiness: a meta-
analysis. Front Psychol. 2014;5:976

Pearson DG, Craig T. The great
outdoors? Exploring the mental health
benefits of natural environments. Front
Psychol. 2014;5(1178):1178

Kaplan R, Kaplan S. The Experience of
Nature: A Psychological Perspective.
New York, NY: CUP Archive; 1989

Stone MR, Stevens D, Faulkner GE.
Maintaining recommended sleep
throughout the week is associated
with increased physical activity in
children. Prev Med. 2013;56(2):112—117

Mcneil J, Tremblay MS, Leduc G,
et al. Objectively-measured sleep
and its association with adiposity
and physical activity in a sample
of Ganadian children. J Sleep Res.
2015;24(2):131-139

41.

42.

43.

44.

43.

46.

47.

48.

49.

50.

Lang C, Brand S, Feldmeth AK,
Holsboer-Trachsler E, Piihse U,
Gerber M. Increased self-reported
and objectively assessed physical
activity predict sleep quality
among adolescents. Physiol Behav.
2013;120:46-53

Gaina A, Sekine M, Hamanishi S, et al
Daytime sleepiness and associated
factors in Japanese school children.
J Pediatr. 2007;151(5):518-522,
522.e1-4

Findlay SM. The tired teen: a review
of the assessment and management
of the adolescent with sleepiness
and fatigue. Paediatr Child Health.
2008;13(1):37-42

Astill RG, Van der Heijden KB, Van
lizendoorn MH, Van Someren EJ. Sleep,
cognition, and behavioral problems

in school-age children: a century of
research meta-analyzed. Psychol Bull.
2012;138(6):1109-1138

Khalsa SB, Hickey-Schultz L, Cohen
D, Steiner N, Cope S. Evaluation of
the mental health benefits of yoga
in a secondary school: a preliminary
randomized controlled trial. J Behav
Health Serv Res. 2012;39(1):80-90

Galantino ML, Galbavy R, Quinn L.
Therapeutic effects of yoga for
children: a systematic review of
the literature. Pediatr Phys Ther.
2008;20(1):66—80

Lubans DR, Plotnikoff RC, Lubans NJ.

A systematic review of the impact of
physical activity programmes on social
and emotional well-being in at-risk
youth. J Child Adolesc Ment Health.
2012;17(1):2-13

Liberati A, Altman DG, Tetzlaff J,

et al. The PRISMA statement for
reporting systematic reviews and
meta-analyses of studies that evaluate
health care interventions: explanation
and elaboration. Ann Intern Med.
2009;151(4):W65-94

Maher CG, Sherrington G, Herbert
RD, Moseley AM, Elkins M. Reliability
of the PEDro scale for rating quality
of randomized controlled trials. Phys
Ther. 2003;83(8):713—721

Chaddock-Heyman L, Erickson KI,
Voss MW, et al. The effects of physical
activity on functional MRI activation
associated with cognitive control in
children: a randomized controlled

92.

93.

94.

99.

96.

o7.

98.

59.

intervention. Front Hum Neurosci.
2013;7(72):72

. Kamijo K, Pontifex MB, O’Leary KC, et al.

The effects of an afterschool physical
activity program on working memory
in preadolescent children. Dev Sci.
2011;14(5):1046—1058

Krafft CE, Schwarz NF, Chi L, et al.

An 8-month randomized controlled
exercise trial alters brain activation
during cognitive tasks in overweight
children. Obesity (Silver Spring).
2014;22(1):232-242

Krafft CE, Schaeffer DJ, Schwarz NF,

et al. Improved frontoparietal white
matter integrity in overweight children
is associated with attendance at an
after-school exercise program. Dev
Neurosci. 2014;36(1):1-9

Annesi JJ. Improvements in self-
concept associated with reductions
in negative mood in preadolescents
enrolled in an after-school physical
activity program. Psychol Rep.
2005;97(2):400-404

Casey MM, Harvey JT, Telford A, Eime
RM, Mooney A, Payne WR. Effectiveness
of a school-community linked program
on physical activity levels and health-
related quality of life for adolescent
girls. BMC Public Health. 2014;14(1):649

Laberge S, Bush PL, Chagnon M. Effects
of a culturally tailored physical activity
promotion program on selected
self-regulation skills and attitudes

in adolescents of an underserved,
multiethnic milieu. Am J Health
Promot. 2012;26(4):e105—e115

Lindgren EC, Baigi A, Apitzsch E,
Bergh H. Impact of a six-month
empowerment-based exercise
intervention programme in non-
physically active adolescent Swedish
girls. Health Educ J. 2010;70(1):9-20

Daley AJ, Copeland RJ, Wright NP,
Roalfe A, Wales JK. Exercise therapy
as a treatment for psychopathologic
conditions in obese and morbidly
obese adolescents: a randomized,
controlled trial. Pediatrics.
2006;118(5):2126-2134

Petty KH, Davis CL, Tkacz J, Young-
Hyman D, Waller JL. Exercise effects on
depressive symptoms and self-worth
in overweight children: a randomized
controlled trial. J Pediatr Psychol.
2009;34(9):929-939

Downloaded from www.aappublications.org/news by guest on January 24, 2019

LUBANS et al



60.

62.

63.

64.

65.

PEDIATRICS Volume 138, number 3, September 2016

Riiser K, Landal K, Ommundsen Y,
Smastuen MC, Misver N, Helseth S.
The outcomes of a 12-week Internet
intervention aimed at improving
fitness and health-related quality of life
in overweight adolescents: the Young
& Active controlled trial. PLoS One.
2014;9(12):114732

. Schneider M, Dunton GF, Gooper DM.

Physical activity and physical self-
concept among sedentary adolescent
females: an intervention study. Psychol
Sport Exerc. 2008;9(1):1—14

Schranz N, Tomkinson G, Olds T. What
is the effect of resistance training on
the strength, body composition and
psychosocial status of overweight and
obese children and adolescents? A
systematic review and meta-analysis.
Sports Med. 2013;43(9):893-907

Seabra AG, Seabra AF, Brito J, et al.
Effects of a 5-month football program
on perceived psychological status and
body composition of overweight boys.
Scand J Med Sci Sports. 2014;24(suppl
1):10-16

Velez A, Golem DL, Arent SM. The
impact of a 12-week resistance
training program on strength, body
composition, and self-concept of
Hispanic adolescents. J Strength Cond
Res. 2010;24(4):1065-1073

Ha AS, Burnett A, Sum R, Medic N, Ng
JY. Outcomes of the rope skipping

66.

67.

68.

69.

70.

71.

‘STAR’ programme for schoolchildren.
J Hum Kinet. 2015:45(1):233—240

Robinson TN, Matheson DM, Kraemer
HG, et al. A randomized controlled
trial of culturally tailored dance

and reducing screen time to

prevent weight gain in low-income
African American girls: Stanford
GEMS. Arch Pediatr Adolesc Med.
2010;164(11):995-1004

Kriemler S, Zahner L, Schindler C, et al.
Effect of school based physical activity
programme (KISS) on fitness and
adiposity in primary schoolchildren:
cluster randomised controlled trial.
BMJ. 2010;340:¢785

Ebbeck V, Gibbons SL. The effect of a
team building program on the self-
conceptions of grade 6 and 7 physical
education students. J Sport Exerc
Psychol. 1998;20(3):300-310

Maiano G, Ninot G, Morin AJ, Bilard J.
Effects of sport participation on the
basketball skills and physical self of
adolescents with conduct disorders.
Adapt Phys Activ (. 2007;24(2):178—196

Marsh HW, Peart ND. Competitive and
cooperative physical fitness training
programs for girls: Effects on physical
fitness and multidimensional self-
concepts. J Sport Exerc Psychol.
1988;10(4):390-407

del Valle MF, Pérez M, Santana-Sosa E,
et al. Does resistance training improve

72.

73.

74.

75.

76.

the functional capacity and well being
of very young anorexic patients? A
randomized controlled trial. J Adolesc
Health. 2010;46(4):352—-358

Lakes KD, Hoyt WT. Promoting self-
regulation through school-based
martial arts training. J App/ Dev
Psychol. 2004;25(3):283—-302

Centers for Disease Gontrol and
Prevention. The Association Between
School-Based Physical Activity,
Including Physical Education, and
Academic Performance. Atlanta, GA:
US Department of Health and Human
Services; 2010

Dobbins M, Husson H, De Corby K,
LaRocca RL. School-based physical
activity programs for promoting
physical activity and fitness in children
and adolescents aged 6-18. Cochrane
Database Syst Rev. 2013;(2):

CD007651

Riley N, Lubans DR, Holmes K, Morgan
PJ. Findings from the EASY Minds
cluster randomized controlled trial:
evaluation of a physical activity
integration program for mathematics
in primary schools. J Phys Act Health.
2016;13(2):198—206

Cerin E. Ways of unraveling how and
why physical activity influences mental
health through statistical mediation
analyses. Ment Health Phys Act.
2010;3(2):51-60

Downloaded from www.aappublications.org/news by guest on January 24, 2019



Physical Activity for Cognitiveand Mental Health in Youth: A Systematic

Review of M echanisms

David Lubans, Justin Richards, Charles Hillman, Guy Faulkner, Mark Beauchamp,
Michael Nilsson, Paul Kelly, Jordan Smith, Lauren Raine and Stuart Biddle

Pediatrics 2016;138;

DOI: 10.1542/peds.2016-1642 originally published online August 19, 2016;

Updated Information &
Services

References

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/138/3/e20161642

This article cites 66 articles, 5 of which you can access for free at:
http://pediatrics.aappublications.org/content/138/3/e20161642#B1BL

This article, along with others on similar topics, appearsin the

following collection(s):

Psychiatry/Psychology

http://mwww.aappublications.org/cgi/collection/psychiatry _psycholog

y_sub

Preventive Medicine

http://www.aappublications.org/cgi/coll ection/preventative_medicine
sub

Information about reproducing this article in parts (figures, tables) or
initsentirety can be found online at:
http://ww.aappublications.org/site/misc/Permissions.xhtml

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.aappublications.org/news by guest on January 24, 2019



http://http://pediatrics.aappublications.org/content/138/3/e20161642
http://pediatrics.aappublications.org/content/138/3/e20161642#BIBL
http://www.aappublications.org/cgi/collection/psychiatry_psychology_sub
http://www.aappublications.org/cgi/collection/psychiatry_psychology_sub
http://www.aappublications.org/cgi/collection/preventative_medicine_sub
http://www.aappublications.org/cgi/collection/preventative_medicine_sub
http://www.aappublications.org/site/misc/Permissions.xhtml
http://www.aappublications.org/site/misc/reprints.xhtml

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Physical Activity for Cognitive and Mental Health in Youth: A Systematic
Review of M echanisms
David Lubans, Justin Richards, Charles Hillman, Guy Faulkner, Mark Beauchamp,
Michael Nilsson, Paul Kelly, Jordan Smith, Lauren Raine and Stuart Biddle
Pediatrics 2016;138;
DOI: 10.1542/peds.2016-1642 originally published online August 19, 2016;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/138/3/€20161642

Data Supplement at:
http://pediatrics.aappublications.org/content/suppl/2016/08/17/peds.2016-1642.DCSupplemental

Pediatricsis the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 141 Northwest Point Boulevard, EIk Grove Village, Illinois,
60007. Copyright © 2016 by the American Academy of Pediatrics. All rights reserved. Print | SSN:
1073-0397.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.aappublications.org/news by guest on January 24, 2019


http://pediatrics.aappublications.org/content/138/3/e20161642
http://pediatrics.aappublications.org/content/suppl/2016/08/17/peds.2016-1642.DCSupplemental



