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RESUMO

Introdugdo: Comportamentos de movimento (por exemplo, sono,
comportamento sedentario e atividade fisica) sdo fatores importantes do estilo
de vida para a cognicdo e o rendimento académico na infancia e adolescéncia.
N&o foram realizadas revisbes sistematicas que avaliassem as associacfes
entre os trés comportamentos de movimento e a cognicdo e rendimento
académico como conclusao. O objetivo desta reviséo sistematica foi sumariar a
literatura sobre as associacfes entre comportamentos de movimento com

cognicdo e rendimento académico em jovens.

Métodos: Foram pesquisadas quatro bases de dados (PubMed, Embase,
PsycINFO e SPORTDiscus) desde o seu inicio até novembro de 2022. Esta
revisdo sistematica foi registada no PROSPERO (CRF42023416572).

Resultados: Esta revisdo sistematica incluiu 22 estudos, representando 48.558
jovens com idades entre 6 e 17,9 anos. Dez dos estudos mostraram alto risco de
viés. Nao se encontraram trabalhos que avaliassem as associa¢des entre sono
e cognicdo e apenas um trabalho avaliou as associacbes entre sono e
rendimento académico, revelando associacfes benéficas. O comportamento
sedentario demonstrou associacfes benéficas relativamente ao funcionamento
cognitivo em apenas um trabalho e, relativamente ao rendimento académico em
29% dos trabalhos. Quarenta e trés por cento dos trabalhos relataram
associacdes nulas entre comportamento sedentario e rendimento académico.
Seis trabalhos avaliaram as associa¢des entre a atividade fisica e a cognicao.
Um relato observacional mostrou associacbes benéficas e um longitudinal
mostrou associacfes prejudiciais. Cinquenta por cento dos ensaios clinicos
randomizados mostraram efeitos benéficos. Dezassete relatos avaliaram as
associacdes entre atividade fisica e rendimento académico e 53% mostraram

associagdes benéficas, enquanto 29% apresentaram associagdes nulas.

Conclusdes: Existe alguma evidéncia sobre os beneficios da atividade fisica, e

dos maleficios do tempo de ecré para a cogni¢éo e o rendimento académico. No
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entanto, existem muitas inconsisténcias nos resultados do comportamento
sedentario. Existe muito pouca evidéncia acerca dos efeitos do sono na cogni¢édo

e no rendimento académico e por isso ndo se podem retirar conclusées.

Palavras-chave: CRIANCAS, ADOLESCENTES, COMPORTAMENTOS DE
MOVIMENTO, COGNICAO, RENDIMENTO ACADEMICO.
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ABSTRACT

Introduction: Movement behaviours (e.g., sleep, sedentary behaviour, and
physical activity) are important lifestyle factors for cognition and academic
achievement in youth. There were no systematic reviews assessing the
associations between movement behaviors and cognition and academic

achievement as outcomes.

The aim of this systematic review was to summarize the literature on the
associations between movement behaviours and cognition and academic

achievement in children and adolescents.

Methods: Four electronic databases (PubMed, Embase, PsycINFO, and
SPORTDiscus) were searched from inception until November 2022. This
systematic review was registered in PROSPERO (CRF42023416572).

Results: This systematic review included 22 studies, representing 48,558 youth
aged between 6 and 17.9 years. Ten of the studies showed a high risk of bias.
There were no reports assessing the associations between sleep and cognition
and only one report between sleep and academic achievement was included,
revealing beneficial associations. Sedentary behavior was beneficially associated
with cognition in only one report and with academic achievement in 29% of the
reports. Regarding the latter, 43% of the reports showed null associations
between sedentary behavior and academic achievement. Six reports assessed
the associations between physical activity and cognition. One observational
report showed beneficial associations and a longitudinal showed detrimental
associations. Fifty percent of the randomized controlled trials showed beneficial
effects between physical activity and cognition. Seventeen reports assessed the
associations between physical activity and academic achievement and 53%

showed beneficial associations, while 29% showed null associations.

Conclusions: Overall, this systematic review showed that some evidence points

out to the beneficial associations of physical activity on cognition and academic
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achievement as well as for the detrimental effects of screen time. Although many
inconsistent results were found for sedentary behaviour. The evidence regarding
the associations of sleep duration and cognition and academic achievement in

children and adolescents is scarce and doesn’t allow to draw conclusions.

Keywords: CHILDREN, ADOLESCENTS, MOVEMENT BEHAVIOURS,
COGNITION, ACADEMIC ACHIEVEMENT
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1. Introduction







1. INTRODUCTION

1.1 Cognition and Academic achievement

Cognition is the mental action or process of acquiring knowledge and
understanding through thought, experience, and the senses. It encompasses
various aspects of high-level intellectual functions and processes such as
attention, memory, knowledge, decision-making, planning, reasoning, judgment,
perception comprehension, language, and visuospatial function. (Dhakal &
Bobrin, 2023) Cognitive abilities have profound consequences for shaping quality
of life, educational and career opportunities, and decision-making abilities.
(L6vdén et al., 2020)

Cognition, and academic performance/academic achievement (AA) are well
connected, both in childhood and in adulthood, being important predictors of life
achievements, socioeconomic attainment, health, and longevity. (Batty et al.,
2007; Gottfredson & Deary, 2004; Peng & Kievit, 2020) Indeed cognition
contributes with a set of important factors that influence AA, including working
memory (simultaneous information storage and manipulation); (Peng et al.,
2018), reasoning (the capacity to solve novel and complex problems; (Sternberg,
Kaufman, et al., 2008), and executive function (cognitive and social-emotional
processes that underlie goal-directed behaviour such as flexible thinking, self-

control, and self-regulation); (Best & Miller, 2010).

Most of the research consider cognitive abilities as foundational
constructs, presupposing that cognitive abilities are the primary cause for
academic outcomes (Sternberg, Grigorenko, et al., 2008) resulting in a
unidirectional relation between cognitive abilities and AA. This can be explained
by two cognitive theories: the investment theory and the dual process theory.
Investment theory poses that, cognitive abilities are influenced mostly by
biological, genetic and health factors and not by education (Cattell, 1987; Deary
et al., 2010). Therefore, AA are a result of cognitive abilities and the
environmental stimulation, which cognitive abilities are assumed to be the basis
of the development. (Cattell, 1987) Equally, the dual process theory claims that

processing familiar information in an autonomous way requires few to none



cognitive resources, but processing new information, requires many cognitive

resources.(Evans & Stanovich, 2013)

In recent research, the unidirectional relationship between cognition and
academic performance/AA has been challenged by the theory of mutualism,
which claims that various skills and abilities become bidirectionally related during
human development because of mutually interactions between uncorrelated
cognitive processes. (van der Maas et al., 2006) Thus, cognitive abilities and AA
should influence each other equally trough a person’s development, therefore the
relationship between cognitive abilities and academic performance/AA should
increase with age, i.e. AA and cognitive abilities should predict each other from a
longitudinal perspective; Likewise interventions targeting cognitive abilities
should result in improved academic performance and vice versa.(Peng & Kievit,
2020)

1.2. Movement behaviours

Movement behaviours across the whole 24h span have gathered the
attention of recent research. These consists of sleep, sedentary behaviour and
physical activity (PA) (Rollo et al., 2020). Recently has been shown that desirable
movement behaviours and their optimal combination (e.g., appropriate amount of
sleep, less sedentary behaviour and more PA) are beneficially associated with
several health indicators in children and adolescents. (Mark S. Tremblay et al.,
2017; M. S. Tremblay, J. P. Chaput, et al., 2017)

This evidence has led to the launch of 24H movement guidelines by
several research groups, i.e., Canada and Australia and the WHO for children
and adolescents. The recommendations of 260 min/day of moderate-to-vigorous
physical activity (MVPA), <2 h/day of recreational screen time, and 9 to 11 h of
sleep per day for 5- to 13-year-olds or 8 to 10 h of sleep per day for 14- to 17-
year-olds and vigorous-intensity aerobic activities, as well as those that
strengthen muscle and bone, should be incorporated at least 3 days a week. are
suggested with the objective to support healthy growth and development, for
school-aged children and adolescents (6 to 17.9 years of age)(Chaput et al.,
2020; M. S. Tremblay, J. P. Chaput, et al., 2017)



It has been shown that children and adolescents who meet all the 24h
movement guidelines generally have more favourable measures of adiposity;
mental, social, emotional and cardiometabolic health; fithess; perceived health;
cognition and healthier dietary patterns. (Rollo et al., 2020) Likewise, children and
adolescents meeting 1 or 2 of the 24h movement guidelines have more
favourable measures of health parameters when compared to those meeting
none of the guidelines.(Chaput et al., 2020; M. S. Tremblay, J. P. Chaput, et al.,
2017)

1.2.1. Sleep

Sleep is an important behaviour throughout all stages of life. It is usually
defined as a frequent, reversible neurobehavioural state of relative perceptual
disconnection from and unresponsiveness to the environment typically
accompanied by a postural change, behavioural inactivity and closed eyes. Sleep
also reflects coordinated alterations in the brain’s dynamic functional organization
that optimize physiology, behaviour and health. (Carskadon & Dement, 1989)
Conceptualizing sleep as a health behaviour is useful because it highlights how
behaviour and neurobiology interact, and how individuals can modify their health
through sleep. (Grandner, 2017)

Sleep loss is associated with many adverse health outcomes including
obesity, type 2 diabetes, depression, suicidal ideation, and poor academic
performance (Arora & Grey, 2019; Owens, 2014). Cognitive function and
emotional changes are all altered by sleep loss and can influence desire and self-
control, motivation and energy to engage in health behaviours (Baron & Culnan,
2019) and appears to have a multifaceted impact on both neural and behavioural
measures. These impacts affect specific aspects of cognition. This, in part, is due
to the differential responsiveness of the interconnected brain regions
fundamental for each specific cognitive task. Sleep loss consistently impairs
vigilant attention performance, resulting in increased lapses of attention and

slowed response times. (Satterfield & Killgore, 2019)

Research has shown that sleep plays an important role in learning
processes and memory consolidation (Ahrberg et al., 2012). Since memory

processes and learning are central for academic performance and AA we can



assume that sleep is an important behaviour in this matter. Sleep deprivation
and/or fragmentation usually impairs these functions. (Curcio et al., 2006)

Results from research investigating the effects of different sleep patterns
on academic performance have shown that children and adolescents who sleep
less, with an elevated sleep fragmentation, with later bedtimes and early
awakenings, usually have a decreased academic performance (Carskadon,
1990; Fallone et al., 2002). Moreover, research has shown that an increasing
daytime sleepiness, because of poor sleep quality, can also have the same
results. Nonetheless, this decrease in neurocognitive functioning can easily be
reverted by adopting healthy sleep schedules, and by limiting psychosocial and

environmental pressure. (Curcio et al., 2006)
1.2.2.Sedentary Behavior

Sedentary behaviour is defined as any waking behaviour characterized by
an energy expenditure <1.5 metabolic equivalents while in a sitting, reclining or

lying posture. (Mark S. Tremblay et al., 2017)

Sedentary behaviour is an important consideration alongside physical
activity when examining the contribution of both behaviours to the health of
children and adolescents as it is known that excessive sedentary time may be
health damaging, but not all sedentary behaviours may be detrimental of healthy
growth and development. Indeed, there are some sedentary activities positively
associated with cognition such as doing homework, reading and other school
related sedentary activities; this positive association can be explained by the high

levels of cognitive engagement needed for the tasks. (Aggio et al., 2016)

Besides common sedentary school-related activities, common sedentary
behaviours include smartphone/tablet use, TV viewing, video game playing and
computer use, driving or riding in a car, and reading/studying while sitting.
Excessive sedentary time is an epidemic among children and adolescents around
the world, and there is a growing body of evidence on the negative health effects
and the potential public health burden associated with high levels of sedentary
behaviour. (Chaput et al., 2020)



Recent evidence shows that excessive sedentary behaviour, particularly
screen-based sedentary behaviour has unfavourable effects on various health
indicators in children and adolescents such as: higher body fat and skinfolds,
higher weight and BMI, obesity, higher LDL and lower HDL and higher blood
pressure (Mark S. Tremblay et al., 2017; van Ekris et al., 2016). According to
research, time spent viewing TV playing videogames and using the Internet, has
the higher negative association with AA during childhood. (Adelantado-Renau et
al., 2019)

Nevertheless higher levels of objectively measured sedentary time can be
associated with better cognitive performance if the sedentary behaviours are
school related and/or require high levels of cognitive engagement. (Aggio et al.,
2016)

1.2.3.Physical Activity

PA is vital to the physical, psychological/ social, and cognitive health of
school-aged children and youth (Janssen & LeBlanc, 2010). All patterns of PA
provide multiple health-related benefits in children and adolescents, these include
healthy levels of adiposity, healthy cardio metabolic biomarkers, physical fitness,
bone health, motor skill development, and psychological distress. (Poitras et al.,
2016)

During childhood and adolescence, participation in PA is particularly
important. The effects of PA on cognitive function can related to physiological
leads to better circulation and oxygen supply to the brain and promotion of brain
changes, such as increased levels of the neurotrophic factors, proteins that
facilitates learning and maintains cognitive function by improving synaptic
plasticity. (Bidzan-Bluma & Lipowska, 2018; Vanhelst et al., 2016)

In addition to these health benefits, PA has a beneficial effect on academic
performance in children and youth. (Estrada-Tenorio et al., 2020; Have et al.,
2018; Maher et al., 2016; Resaland et al., 2018; Syvaoja et al., 2013; Tapia-
Serrano et al., 2022). In fact, PA is not detrimental to school-age children and

adolescents academic achievement. Different types and intensities of PA appear



to have different effects on AA, with the most benefit gained from longitudinal
programs incorporating aerobic exercise. (Barbosa et al., 2020)



2. Objectives




2. OBJECTIVES

This thesis aims to summarize, in a systematic manner, how do different
levels, and patterns of sleep duration, sedentary time and PA associate with

cognition and AA, in children and adolescents.
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3. Methods
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3. METHODS

A systematic literature review was conducted to summarize the evidence
regarding the effects of sleep, PA, and sedentary behaviour on cognition and AA
in children and adolescents. This study was adapted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis Protocols (PRISMA)
(Page et al., 2021). The review protocol was registered with the International
Prospective Register of Systematic Reviews (PROSPERO). The methodological

details of this work are presented in the following chapter.
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Goncalves, J.P; Ferreira, G.; Lopes, L. & Santos, R. (2023). Associations
between movement behaviours, cognition, and academic achievement in

children and adolescents: a systematic review
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ABSTRACT

Title: Associations between movement behaviours, cognition, and academic

achievement, in children and adolescents: a systematic review.
Authors: Gongalves, J.P%; Ferreira, G.*; Lopes, L.t & Santos, R?2.

! Research Centre in Physical Activity, Health and Leisure, Faculty of Sport,

University of Porto, Portugal.
2 Institute of Education, University of Minho, Portugal.
3 Research Centre in Child Studies, University of Minho, Portugal.

Introduction: Movement behaviours (e.g., sleep, sedentary behaviour, and
physical activity) are important lifestyle factors for cognition and academic
achievement in youth. There were no systematic reviews assessing the
associations between movement behaviours and cognition and academic

achievement as outcomes.

The aim of this systematic review was to summarize the literature on the
associations between movement behaviors and cognition and academic

achievement in children and adolescents.

Methods: Four electronic databases (PubMed, Embase, PsycINFO, and
SPORTDiscus) were searched from inception until November 2022. This
systematic review was registered in PROSPERO (CRF42023416572).

Results: This systematic review included 22 studies, representing 48,558 youth
aged between 6 and 17.9 years. Ten of the studies showed a high risk of bias.
There were no reports assessing the associations between sleep and cognition
and only one report between sleep and academic achievement was included,
revealing beneficial associations. Sedentary behaviour was beneficially
associated with cognition in only one report and with academic achievement in
29% of the reports. Regarding the latter, 43% of the reports showed null

associations between sedentary behavior and academic achievement. Six
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reports assessed the associations between physical activity and cognition. One
observational report showed beneficial associations and a longitudinal showed
detrimental associations. Fifty percent of the randomized controlled trials showed
beneficial effects between physical activity and cognition. Seventeen reports
assessed the associations between physical activity and academic achievement
and 53% showed beneficial associations, while 29% showed null associations.

Conclusions: Overall, this systematic review showed that some evidence points
out to the beneficial associations of physical activity on cognition and academic
achievement as well as for the detrimental effects of screen time. Although many
inconsistent results were found for sedentary behaviour. The evidence regarding
the associations of sleep duration and cognition and academic achievement in

children and adolescents is scarce and doesn’t allow to draw conclusions
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Introduction

Movement behaviours, i.e., sleep, sedentary behaviour and physical
activity (PA), are important lifestyle factors for cognition and academic

achievement (AA) in children and adolescents.

Sedentary time is defined as the time spent for any duration in sedentary
behaviours. The amount of time people spend in sedentary activities has become
a public health concern. Sedentary activities can be defined as any behaviour
characterized by an expenditure of energy less than 1.5 METs (M. S. Tremblay,
S. Aubert, et al., 2017). PA, is defined as any bodily movement produced by
skeletal muscles that results in energy expenditure superior to resting levels
(Caspersen et al., 1985), has emerged as one of the most promising methods for
positively influencing cognitive function across the lifespan and reducing the risk
of age-related cognitive decline. (Erickson et al., 2019). Indeed, PA is a
modifiable health behaviour often associated with numerous health benefits.
Engaging in PA is associated with many physical and mental health benefits and
has been found to enhance brain development and cognition. PA also has the
capacity to improve executive functions, which are cognitive processes that
govern self-regulation, problem solving, and inhibition of impulse. (Mandolesi et
al., 2018)

Sleep is essential for health, and development in early childhood.
Evidence suggests that short total sleep duration in children is associated with a
higher level of adiposity, inferior emotional regulation, impaired growth, and
higher risk of injuries. Achieving high levels of physical activity, low levels of
sedentary behaviour, and getting sufficient sleep have been individually
associated with better mental health among children and adolescents. (Chaput,
Gray, et al., 2017).

Scientific, educational, and public health communities have demonstrated
great interest in investigating approaches that might enhance cognitive and brain

function throughout the lifespan. Indeed, improvements in cognitive and brain
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health may have profound consequences for shaping quality of life, educational
and career opportunities, and decision-making abilities. (Erickson et al., 2019).

Academic achievement plays an important role in child development
because academic skills, especially in reading and mathematics, affect many
outcomes, including educational attainment, performance and income at work,
physical and mental health, and longevity. (Calvin et al., 2017; Kuncel & Hezlett,
2010; Peng & Kievit, 2020; Wrulich et al., 2014).

Previous systematic reviews showed that sleeping the appropriate amount
of time, positively associated with cognition in children and adolescents, spending
time in sedentary behaviour when not in academic tasks, specially media use
(Méssle et al., 2010; Sharif & Sargent, 2006), time spent viewing TV (Ennemoser
& Schneider, 2007; Espinoza, 2009), playing videogames (Jackson et al., 2011),
and browsing in the Internet have negative associations with AA in childhood and
adolescence. (Syvéoja et al., 2013). Regarding PA, previous reviews showed that
lack of PA has been shown to be associated with obesity, metabolic, and
cardiovascular risk factors, depression symptoms, and lower physical fitness in
children (Chaput et al., 2020). However, adequate PA may benefit them, to these
health benefits, PA can positively contribute to academic performance in children
and youth. (Booth et al., 2014; Estrada-Tenorio et al., 2020; Haapala et al., 2014;
Have et al., 2018; Ishihara et al., 2020; Kari et al., 2017; Maher et al., 2016;
Muntaner-Mas et al., 2021; Resaland et al., 2018; Syvéaoja et al., 2013; Tapia-
Serrano et al., 2022).

However, the majority of the previous systematic reviews only included
articles published in English or French language (Valerie Carson et al., 2016; V.
Carson et al., 2016; Carson et al., 2017; Chaput, Gray, et al., 2017; Chaput et al.,
2016; Poitras et al., 2016; Poitras et al., 2017). Others did not account for gender
group differences (Valerie Carson et al., 2016; V. Carson et al., 2016; Carson et
al., 2017; Chaput, Gray, et al., 2017; Chaput et al., 2016; Poitras et al., 2016;
Poitras et al., 2017; Timmons et al., 2012);

Thus, the aim of this review was to systematically compile the evidence
regarding the association between sleep, sedentary behaviour and PA with

cognition and AA in children and adolescents.
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2. Methods

This review follows the PRISMA statement for reporting systematic
reviews and meta-analyses (Page et al., 2021) and was registered in
PROSPERO (CRF42023416572)

2.1. Eligibility Criteria

In this systematic review, the included studies had to meet the a priori
determined Population, Intervention, Comparator and Outcome (PICO) study
criteria:

Population: studies with children and adolescents aged 6 to 17.9 years,
without established chronic disease at baseline, living in the community. Studies
conducted solely with clinical populations or athletes were not considered.

Intervention/Exposure: (i) valid and reliable objective (e.g.
polysomnography, actigraphy, inclinometers, heart rate monitor, pedometers,
etc) or subjective (e.g. self-reported) assessments of sleep, sedentary time and
physical activity; (ii) for experimental studies the interventions must have targeted
sleep duration or sedentary time or physical activity, not multiple health
behaviours (e.g., physical activity and sedentary time and diet).

Physical activity defined as any body movement generated by the skeletal
muscles that results in energy expenditure above the resting level (Caspersen et
al., 1985).

Sedentary behaviour defined as any waking behaviour characterized by
an energy expenditure <1.5 metabolic equivalents (METs), while in a sitting,
reclining or lying posture (M. S. Tremblay, S. Aubert, et al., 2017).

Sleep defined as a physiological state that occurs in alternation with
wakefulness. It is generally defined as a naturally recurring state of body and
mind characterized by altered consciousness, relatively inhibited sensory activity,
inhibition of nearly all voluntary muscles and reduced interactions with

surroundings (Chaput, Saunders, et al., 2017).

Comparator: various levels of sleep, sedentary behaviour or physical
activity.

21



Outcomes: brain health (cognition and executive functions) and academic
achievement

Inclusion Criteria: (i) only studies written in Portuguese, English, French,
Spanish, Italian, German or Chinese were included; (ii) observational studies had
to have a minimum sample size of 30 participants. For prospective studies, the
follow-up length had to be, at least, 12 weeks and with participants having, at
least, one measure of sleep, sedentary behaviour or physical activity, between
the age of 6 and 17.9 years; (iii) for experimental studies, the interventions had
to target sleep, sedentary behaviour or physical activity and not multiple health
behaviours (e.g. sleep and physical activity, or sedentary behaviour and diet),
and be a randomized -controlled trial (RCT) (control group without
intervention/usual movement behaviour or waiting list). The RCTs needed to
have a minimum sample size of 15 participants in each group and at least 12-
weeks duration.

Exclusion Criteria :(i) Studies reporting physical activity data on total
energy expenditure, as measured by doubly labelled water or direct/indirect
calorimetry were not included; (ii) grey literature (thesis/book chapters), reviews,
meta-analyses, methods papers, conference abstracts or proceedings, editorials,
commentaries, case-studies, validation studies, cost-effectiveness studies, pilot-
studies, qualitative studies were not included; (iii) Interventions conducted in
clinical settings, such as hospitals were not considered; (iv) when, for a given
outcome, several studies were published based on the same sample/population,
only the study reporting prospective analysis, or the study reporting the longest
follow-up, or the study using the largest sample (in cross-sectional analysis) were

included.

2.2. Information Sources

The searches were performed on the following electronic databases:
PUBMED, PSYCINFO, EMBASE and SPORT DISCUS, by GJP and RS, from
inception until 10" November 2022. PSYCINFO and SPORT DISCUS were
accessed through Ovid platform. We screened reference list from key systematic

reviews on this field for potentially relevant studies.
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2.3. Search Strategy
The full search strategy can be found in Supplementary file 1.
2.4. Selection Process

After deletion of duplicate records, GJP and RS independently screened
the titles and abstracts of the first 100 records, and inconsistencies were
discussed until consensus was reached. After this, the same authors
independently screened the rest of the titles and abstracts, and then full texts.
Any doubts regarding inclusion/exclusion of any given record were solved by
agreement. These were conducted using CADIMA software (CADIMA.
Quedlinburg, Germany: Julius Kahn-Institut; 2017, www.cadima.info) (Kohl et al.,
2018)

2.5. Data Collection Process

The authors GJP, GF and RS extracted the data from each full text
independently, then author RS checked the data extracted; inconsistencies were

discussed until agreement was reached.

2.6. Data Iltems

For each included report, we registered: authors’ names, publication year,
study design, country/region (and study name), number of participants,
participants’ age range (or mean age), exposure and outcome characteristics,

and main findings. For RCTSs, intervention description was also registered.

2.7. Study Risk of Bias Assessment

Risk of bias (RoB) assessment was based on the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE)
framework (Guyatt, Oxman, Vist, et al., 2011). For each of the included studies,
RoB considered the following characteristics: (i) selection bias, (ii) detection bias
(i) performance bias, and (iv) attrition bias, for observational studies; and, for

RCTs we considered the same characteristics, as well as reporting bias. In
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compliance with GRADE framework, overall RoB for each study was classified
as (i) No serious limitations; (ii) Serious limitation or (iii) Very serious limitations.

RoB was evaluated by the authors GJP, GF and RS and checked by RS
and inconsistencies were discussed until agreement was obtained. Preceding
RoB assessments, the GJP, GF and RS showed >95% agreement with criterion

assessments piloted on 20 randomly selected studies.

2.8. Effect Measures

Due to the variety of study designs, assessments and categorization of the
exposure and the outcomes, all effect sizes reported in the studies were

considered.
2.9. Synthesis Methods

For each outcome, meta-analyses were planned if there were, at least, 3
reports homogenously enough regarding study design, effect sizes reported and
exposure metrics and categorization. In this review meta-analyses were not
possible; therefore, a narrative synthesis by exposure and outcome was

performed using summary of findings tables.
2.10. Quality Assessment

RoB and quality of evidence were performed by GJP and LL
independently, and verified by RS. RoB (Guyatt, Oxman, Vist, et al., 2011) and
quality of evidence (Guyatt, Oxman, Kunz, Brozek, et al., 2011; Guyatt, Oxman,
Kunz, Woodcock, Brozek, Helfand, Alonso-Coello, Falck-Ytter, et al., 2011;
Guyatt, Oxman, Kunz, Woodcock, Brozek, Helfand, Alonso-Coello, Glasziou, et
al., 2011; Guyatt, Oxman, Montori, et al., 2011) for each outcome and by study
design was assessed based on the GRADE framework. Quality of evidence
scores start at “high” for RCTs and “low” for all other study designs (Balshem et
al., 2011). Quality of evidence can be downgraded or upgraded. The quality of
evidence was downgraded, if there were serious limitations in any of the
following: RoB, inconsistency, indirectness, imprecision or other factors. On the

other hand, the quality of evidence was upgraded if there were a large effect size,
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a dose-response gradient or if all plausible confounders increased confidence in
estimated effects. (Guyatt, Oxman, Sultan, et al., 2011)
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3. Results

3.1 Study Selection

The searches generated 8,172 records and after duplicate removal 7,867 records
were kept. After the screening of titles and abstracts, 178 records were retained
for full text assessment and of this, 23 papers (reports) representing 22 unique

studies were included in this review (Figure 1).

[ Identification of studies via databases and registers ]

Figure 1. Flow chart of the included studies
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Table 1. Summary of findings of the RCTs included in the systematic review on the association between physical activity and academic achievement and cognition, in children
and adolescents.

Study Details

Participants

Outcome Intervention

Results ¢

Direction of
the
association ¢

Maths scores:
Standard math
test developed
from Danish
National tests
(Hoegrefe Forlag)

Intervention: 15min of PA
spread over a 45min Math
lesson. SB activities were
limited to maximum bouts
of 20min. Controls regular
classroom instructions.

Math skills were
significantly affected by
the 9-month active math

intervention.
While the mean score on
the math skill test
improved in both groups,
the intervention group
improved math score by
1.2 points more than the
control.

++

Follow-
Authors Country Number Age up. Exposure
(year)  (study name) (% girls) 9 duration
PA,
(Have et Denmark (n.r.) 505 7.2+0.3 accelerometr
al., 2018) o (50%) yrIs. 9months vy (4 days;
10h/day)
PA,
(Hecht & 133 accelerometr
Sg\zrli;ar, USA (n.r) (50%) 9-10 yrs. 3 months y (15 days)

Intervention: Teachers
were trained to deliver
POWER (prioritize,
organize, work, exercise,
and regulate) during a 6-
hour session. PA is a core
component of POWER, as
it is both a mechanism for
teaching the POWER skills
and an end in itself. Each
morning began with a
“morning mindfulness”
session. After participating
in several sessions,
students were empowered
to create and lead their
own activity and

Maths scores:
STAR math test
performance

Student math test scores
increased significantly for
both schools, but there
was no significant main
effect for group.
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Study Details

Participants

Follow- Direction of
RS Country NUBeT, nae . up Exposure Outcome Intervention Results ¢ the_ )
(year) (study name) (% girls) 9 uration association
mindfulness breaks in their
classroom. Controls: usual
care.
Intervention: The ASK
intervention is designed to
increase PA (165 min/week
above normal activity
curriculum) and was
comprised O_f three Results suggested a
components: 1) PA
; trend where low
educational lessons (3 x ) : .
. ) ) performing children in
Academic 30 min each week); .
. . : : academic performance
. PA, Scores: Scores in academic lessons in the .
(Resalan  Norway [Active . . . benefited the most
. 1,129 10.2 + accelerometr mathematics, core subjects, Norwegian, .
detal., Smarter Kids - ) . . academically from the +
(48%) 0.3 yrs. 7 months y (4 days; reading and mathematics and English . )
2018) (ASK)) . . : ASK-intervention.
8h/day) English national (second language) carried
’ Furthermore, a trend was
test. out mostly in the school
. observed where boys
playground; 2) PA breaks )
. seemed to benefit over
during classroom lessons irls
(5 min x 5 days each gis.
week); 3) PA homework
prepared by the teachers
(10 min daily; 5 x 10 min
each week). Controls:
usual care.
Denmark (The Maths skills: 50 _ _
L earnin PA, question teston  Intervention: 60 min/day of No significant effect of
(Tarp et Coani tior%& 632 12-14 accelerometr arithmetic, _PAclasses + PA the intervention was o
al., 2016) I\%Iotion (51.1%). yrs. 5months vy (4 days; algebra, problem incorporating in PA observed on
LCoMoti 10h/day) solving and academic classes + PA mathematics skills.
(LCoMotion)) geometry. homework + short
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Study Details

Participants

Follow- Direction of
RS Country NUBeT, up Exposure Outcome Intervention Results ¢ the_
(year) (study name) (% girls) Age duration association 9
message service-tracking.
Controls: usual care.
. Students in the
USA PA, Planning int o 10-15min/d intervention schools
(Bartholo [Children's »716 9-10 accelle:jom'etr . ; EiCI'SI'IC')ST ) fgreé\/g;;sg} b A acrgéjnem?é/ spent significantly more
mew et Activity and (5‘4% . 3yrs. y (1 day; axing: classes (Active learning) Time On Task than their +
al., 2018)  Nutrition (I- 0 yrs. 6h/day) Time on Task Controls: | 9 counterparts in control
CAND)] ontrols: usual care. schools (B= 5,53,
SE=1,73, p<0.001)
Intervention: Teachers
were trained to deliver
POWER (prioritize,
organize, work, exercise,
Executive and regulate) during a 6-
Function: 3tests  hour session. PA is a core
from the NIH component of POWER, as
Toolbox. Flanker it is both a mechanism for
(Hecht & PA Inhibitory F:ontrol teaching the .P(.)WER skills POW'’s 'NIH Toolbox
Garber USA (n.r.) 133 9-10 3 accelerc;metr and At_tentlon _test, and an_end in |tself._ Each score_lncreased 3 +
2021) ' (50%) yrs months. y (15 days) the List Sorting morning began with a percentiles more than

Working Memory
test and the
Dimensional

Change Card Sort

Test.

“morning mindfulness”
session. After participating
in several sessions,
students were empowered
to create and lead their
own activity and
mindfulness breaks in their
classroom. Controls: Usual
care

controls.
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Study Details Participants

Follow- Direction of
RS Country NUBeT, nae . up Exposure Outcome Intervention Results ¢ the_ )
(year) (study name) (% girls) 9 uration association
Intervention: 60 min/day of Noi?%?gﬁagtbdé?ﬁ;ee?]ces
Denmark [The o PA classes + PA . "9
Learnin PA, Inhibition: incorporating in PA intervention and control
(Tarp et ning, 632 12-14 accelerometr  Modified version P g schools were observed
Cognition & 5 - academic classes + PA 0
al., 2016) . (51.1%). yrs. h y (4 days; of the Flanker for response accuracy or
Motion months. homework + short S
. 10h/day) test. . o reaction time on
(LCoMotion)] message service-tracking; .
. congruent or incongruent
Controls: usual care. .
trials.
PE teachers were
Processing speed: instructed to incorporate
Simple reaction two elements of additional
time. Visual VPA bursts into lessons, The one-academic year
relational memory: consisting of: 4 min of VPA HIIT-style VPA
(Wassen England (The 18,261 12 13 PA, self- Relational as part of an active 10—m|n m_terventlon delivered
aar et al., Fit to Study) "0 s 12 reported (Set memory task. warm-up, and three 2-min,  during regular school PE 0
2021) y ' yrs. months  of questions)  Inhibitory control: infusions per hour of PE, did not significantly

Modified Flanker
test. Working
memory: Visual
two-back task.

where VPA was defined as

activity that raises the heart
rate to 71-85% of the
maximum heart rate.
Controls: usual care.

improve cognitive
performance.

PA — Physical Activity; PE — Physical Education

30



Table 2. Summary of findings of the observational studies included in the systematic review on the association between physical activity and academic achievement and

coghnition, in children and adolescents.

Study Details Participants

Authors Country  Number Age Follow- Exposure Outcome Results ¢ Direction of the
(year) (study (% girls) up association ¢
name) duration

Cross-sectional Studies

PA, accelerometry
(7 days; 8h/day

GPA - Grade point averages:
Grades of 5 disciplines,
language, mathematics,

science, history and geography.

MVPA was not significantly
associated with GPA.

PA, accelerometry
(5 school days)

GPA - Grade point average:
Scores from student final grade
averages for English, math,
science and social studies

The amount of time spent on
very vigorous PA was negatively
associated with academic
performance. Total LPA, MVPA
and daily steps were not
associated with academic
performance.

PA, accelerometry
(3 days; 10h/day)

Academic Scores and GPA
score: Academic performance
at the end of the academic year
in four main indicators and the
GPA score.

MPA, VPA and MVPA were
inversely associated with all
academic performance
indicators.

(Bueno gragi 304  10-14
" 0
2021) (n.r.) (52%) yrs.
(Cosgrov
eé& 160 8-12
Castelli, USA (n.r. (74.4%) yrs.
2018)
(Esteban Spain
-Cornejo b 1,779  6-18
(UP&DO 0
etal., (48, 9% yrs.
2014) WN)
(Estrada-
Tenorio Spain 301 13-15
etal., (n.r.) (53.5%) yrs.
2020)

PA, accelerometry
(4 days; 10h/day)

Academic Scores: Students
marks for all school subjects in a
scale of 0 to 10.

MVPA on weekdays was
negatively associated with
academic achievement.
According to the curvilinear
relationship, those students
whose MVPA levels were closer
to the daily recommendation

+ For boys

0 For girls
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were more likely to obtain higher
academic achievement.
However, a significant
association was only shown in
boys.

Australia
[Internati
onal Academic Scores:Academic
Study of performance was determined . .
- g . . Higher academic performance
Childhoo from participants in National :
. was only related to higher MVPA
d Assessment Program — Literacy . . )
(Maher et . 9-11 PA, accelerometry in two academic domains and
Obesity, 285 (n.r.) . and Numeracy (NAPLAN) grade +
al., 2016) . yIs. (7 days; 24h/day) o ' was not related to language,
Lifestyle 5 results in five academic reading and spellin
and the domains, reading, writing, erﬁ‘lormange 9
Environm spelling, language and P '
ent numeracy
(ISCOLE
)]
PA, self-reported Acadgmlc Scores and GPA Obijectively measured MVPA
(WHO Health score: Academic scores and was not associated with GPA
(Syvéaoja . Behavior in GPA in native language, ;
Finland 277 12.2 . . ! However, self-reported MVPA
et al., School-Aged mathematics, physics/chemistry, . +
(n.r.) (56%) yrs. . : - had an inverse U-shaped
2013) Children), PA, biology, history, geography, - o :
- . . curvilinear association with
accelerometry (7 religion or ethics, visual arts, rade point average
days) music and physical education. 9 P ge.
(Tapia- (PFﬁ1 Ss?(lzf;?;ir\t/?d Academic Scores: Academic Meeting physical activi
Serrano Spain 1,277 11-16 ys! . Yy Scores in three subjects, Vieeting pny . ty )
Questionnaire for . . . guidelines was associated with ++
etal., (n.r.) (44.2%) yrs. Spanish (first language), English . . .
2022) Adolescents and Mathematics higher academic achievement.
(PAQ-A)) '
PA, accelerometry , . .
(Vanhelst ~ France, 12.5- . ) . Adolescents’ attention capacity
etal, Spain, 273; 175 (7 consecutive Attention Capac.lty. D2 Test of test performances were +
2016) Austria,  (93:8%) yrs. days atleast 3 Attention. significantly and positively
Germany days 8h/day) associated with longer time
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Hungary
and
Greece
[Healthy
Lifestyle
in Europe
by
Nutrition
in
Adolesce
nce
(HELEN
A
STUDY)

spent in moderate or MVPA in
free-living conditions (P < .05).

Longitudinal Studies

E{E\:?Ed In Maths at 16 years,

(Booth et Longitudi percentage of time in MVPA

al.,, 2014; nal Study Academic attainment at 16 erfrc))rrfnd:ilts: flcr:frniglseidan d
Tapia- of 4,755 11-16 PA, accelerometry yrs. old: Grades of 3 P

5yrs. ; o . females. For females the ++

Serrano Parents (55%) yIs. (7 days; 10h/day disciplines, English, ercentage of time spent in
etal, and Mathematics and Science. P g pel
2022) Children MVPA at 11 years predicted

(ALSPAC increased Science scores at 11
il and 16 yrs
Academic Scores: Course
USA PA, accelerometr rades and test scores each
(Elish et (Health 4,936 8-10 24 ! y 9 . MVPA was not associated with
(5 days, 80% of semester for math, reading, . . 0
al.,, 2022) Empower (50%) yrs months : L . academic achievement.
the day) spelling and writing in Georgia
s You!) .
Milestone test.

(Haapala ; i i + For boys
et al. Flnlahd 186 6-8 5yrs. PA, self-reported Academic Skills: ALLU test Total PA, physmall_y active Y
7_0143 [Phy_5|-cal (42%) yrs. (PANIC - Physical battery for reading fluency and schpol trang portation was - For girls

Activity associated with better reading
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and

Activity comprehension, basic arithmetic comprehension in boys, and
Nutrition Questionnaire) test for arithmetic skills. lower reading fluency and
in comprehension in boys. Total
Children PA and organized exercise other
(PANIC)] than sports was associated with
lower arithmetic skills in girls.
Participation in all sports activity
was positively associated with
improvement of academic
performance from baseline to
follow-up, and that these
associations were mediated by
GPA - Grade point averages: card_lqresplra_tory fitness gans.
. . Participation in sports activities
. 12 -13 Academic performance in the !
(Ishihara R that require more complex motor
Japan 463 yrs. at 24 PA, self-reported total grade points in five school - L
etal., . . . skills and individual sports
(n.r.) (49%) baselin months. (set of questions) subjects, Japanese, - . .
2020) . - . activity was directly associated
e Mathematics, Social Studies, ) .
. ; with an improvement of
Sciences and English. .
academic performance from
baseline to follow-up.
Furthermore, quitting sports
activities was negatively
associated with academic
performance via a reversal in
cardiorespiratory fitness gains.
Among women, a one-unit
) increase in the PA index was
l(—':lnlzrld PA sef g Educational attainment at the related to a 0.11 unit increase in
(Carclov 12-15 (o of Quentiong),  30€ 0f 33 -45 yrs.: educational  GPA and 0.17 additonal yrs. of
(Kari et Risk in 2,445 yrs. at 31 vrs PA Ind?ex ranain " attainment ascertained through edU_C{:lUOﬂ- Among men, the o+
al, 2017) (52%)  baselin yrs. om B ¢ 1% 9 the Finnish Longitudinal coefficients were 0.06 for GPA
0_ung e. rom ) 0 Emp|oyer-Emp|0yee Data and 0.17 for yrs. of education. In
Fins points. (FLEED)
Study)

terms of educational attainment,
the most physically active girls
and boys (PA index =14 at the

age of 15 yr) had approximately
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1.5 more years of education in
adulthood compared with their
least physically active
counterparts (PAIl =5 at the age
of 15 yrs.).

1046
(n.r.)

months.

PA, accelerometry
(3 days at least
10h per day)

Academic Scores and GPA -
Grade point averages: GPA
and the mathematics and
language scores reported on the
transcript at the end of the
academic year.

Engaging in approximately 250
mins/day of total PA volume at
baseline was associated with a
better academic performance 2
years later, specifically with
GPA.

(Muntane Spain
r-Mas et (UP&DO
al., 2021) WN)
USA
(Study of
(l_E' E. Early
Wickel, Child
2017) Care and
Youth
Develop
ment

1,364
(36.8%)

9-15
yrs.

6 yrs.

PA, accelerometry
(7 days; 17h/day)

Executive Function: Scores in
three tests, Inhibition: modified
version of the Weinberger
Adjustment Inventory. Working
memory: Operation Span
(OSPAN). Fluid intelligence:
Tower of London test.

Among girls, higher levels of
light PA predicted lower fluid
intelligence whereas among
boys increased vigorous PA
predicted lower inhibition.
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Table 3. Summary of findings of the observational studies included in the systematic review on the association between sleep and academic achievement, in children and

adolescents.

Study Details

Participants

Authors Country  Number Age Follow- Exposure Outcome Results ¢ Direction of the
(year) (study (% girls) up association ¢
name) duration
Cross-sectional Studies
_ Academic Scores: Academic _ _
(Tapia- . Sleep Duration, S_cores_, in three subjects, _ Megtlng the Sleep dgratlon
Serrano Spaln 1,277 11-16 Spamsh (f|rst |anguage) Eng||sh gwdelmes was posmvely
self-reported (set N : . ’ ++
etal., (n.r.) (44.2%) yrs. of questions) and Mathematics. associated with Academic
2022) q ’ Achievement,
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Table 4. Summary of findings of the observational studies included in the systematic review on the association between sedentary behaviour and academic achievement and

coghnition, in children and adolescents.

Study Details

Participants

Authors Country Number Age Follow-up Exposure Outcome Results ¢ Direction of the
(year) (study (% girls) duration association 9
name)
Cross-sectional Studies
(Correa- Academic Scores: Academic SB was positively associated
SB, self-reported . ) . -
Burrows . 620 14 - 15 achievement in the System for the with sufficiency and
Chile (n.r.) (Godard . - : ) ++
etal, (51%) yrs. uestionnaire) Assessment of Educational proficiency in Mathematics
2014) q Quiality test (SIMCE) and Language.
(Cosgrov GPA - Grade point averages: The proportion of time spent
e& USA (n.r.) 160 8-12 SB, accelerometry GPA scores from student final on sedentary was not 0
Castelli, o (74.4%) yrs. (5 school days). grade averages for English, Math, associated with academic
2018) Science and Social Studies. performance.
(Lopes et Portugal 213 9-10 SB, accelerometry Agademlc Scores: Performance  Total sgdentar_y time was _not
al., 2017) (Bracara (51.6%) s (5 days) in Portuguese Language and associated with Academic 0
v Study) ' yrs. Y Mathematics National Exam. Achievement.
Australia
[;Ttsetrgjtlz? Academic Scores: Determined Higher academic
Childhgod from participants in National performance was strongly
(Maher et Obesit 9-11 SB. accelerometr Assessment Program — Literacy and consistently related to
. Y, 285 (n.r.) ' . Y and Numeracy (NAPLAN) grade 5 higher sedentary time, with ++
al., 2016) Lifestyle yrs. (7 days; 24h/day) i . . ST - .
and the results in five academic domains,  significant relationships seen
: reading, writing, spelling, across all five academic
Environme .
nt language and numeracy. domains.
(ISCOLE)]
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Study Details

Participants

Authors Country Number Age Follow-up Exposure Outcome Results ¢ Direction of the
(year) (study (% girls) duration association 9
name)
Screen time, self- Academic Scores and GPA
reported score: Academic scores and GPA .
(Syvaoja in Native Language, Mathematics Sedentary time was not
yvaol Finland 277 12.2 . 9 g ' . ' associated with GPA. Screen
etal., Physics/Chemistry, Biology, : . . -
(n.r.) (56%) . - time had a linear negative
2013) History, Geography, Religion or association with GPA
Ethics, Visual Arts, Music and '
Physical Education.
Recreational
Screen Time, self-
(Tapia- reported [Youth- Academic Scores: Academic Meeting the Screen time
Serrano Spain (n.r.) 1,277 11-16 Leisure-Time Scores in three subjects, Spanish guidelines was not 0
etal., P o (44.2%) yrs. Sedentary (first language), English and associated with academic
2022) Behaviour Mathematics. scores.
Questionnaire
(YLSBQ)]
Longitudinal Studies
. SB related to academic skills
Finland -
[Physical may be beneficial for the
(Haapala Ac)t/ivit SB, self-reported Academic Skills: ALLU test development of reading
P y 186 6-8 (PANIC - Physical battery for reading fluency and fluency in boys, whereas
et al., and 5yrs. . . . . . ) +
L (42%) yrs. Activity comprehension, basic arithmetic factors that are independent
2014) Nutrition in . . . . .
Children Questionnaire) test for arithmetic skills. of SB may be more
(PANIC)] important for academic skills
in girls.
Hunt Canada 13-18 Academic Scores: Self-reported If a student shifted from the
(e,?gler [Cohort for 4,408 yrs. at 3vrs SB, self-reported Caraedelscof (I:;)at?;mf;ic-se:r?d € first quartile (Q1) of -- Communication
20181 Obesity, (55.7%)  baselin yrs. (set of questions) 9 English watching/streaming based SB
) Marijuana e nglish.
use,

television shows/movies to
Q4, on average, he or she
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Study Details

Participants

Authors

Country Number Age Follow-up Exposure Outcome Results ¢ Direction of the
(year) (study (% girls) duration association 9
name)
Physical was more likely to surpass -- TV viewing for
Activity, the provincial math standard. English
Alcohol On the other hand, if a
use, student shifted from Q1 to
Smoking QZ’. Qs, or Q4. for -- Internet surfing
and watching/streaming TV for Enalish
; glis
Sedentary shows/movies, on average
Behaviour they would be less likely to
(COMPAS surpass the provincial
9S)] ++ Homework

English standard. If a student
shifted from Q1 to Q3 for
surfing the internet, on
average, he or she was less
likely to surpass the
provincial English standard.
If a student’s status in doing
homework shifted from Q1 to
Q4, on average he or she
was more likely to surpass
the provincial English
standard. If a student shifted
from Q1 to Q2 in
communication-based SB,
on average, he or she was
less likely to surpass the
provincial math standard.
Time spent playing
video/computer games,
texting, messaging, emailing,
and talking on the phone,
screen-based SB, and
average total SB were not

++ TV viewing for
Maths

0 Total SB

0 Computer games,
emailing and phone
texting
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Study Details

Participants

Authors Country Number Age Follow-up Exposure Outcome Results ¢ Direction of the
(year) (study (% girls) duration association 9
name)
significant predictors of
academic achievement.
USA Executive Function: Scores in
(Study of three tests, Inhibition: Modified Overall, increased sedentary
(E. E. Early Child 1364 9-15 SB, accelerometry version of the Weinberger time from 9 to 15 yrs.
Wickel, Care and (36’ 80%) yrs 6 yrs. (7 days; 17h per Adjustment Inventory. Working predicted higher inhibition, ++
2017) Youth ’ ' day) memory Operation Span working memory, and fluid
Developme (OSPAN). Fluid intelligence Tower intelligence.
nt) of London test.
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Table 5. Study limitations (Risk of bias) of the RCTs included in the systematic review on the association between physical activity and academic achievement and cognition, in
children and adolescents.

Study limitations (Risk of Bias)

A(L)J/'glaor;s SerdlaiETen Selection Bias Performance Bias Attrition Bias Reporting Bias other overal
\%
Allocation Blinding Loss to follow- Analysis Selectlvg outcome
Concealment up reporting bias
Academic Achievement
Stratified . . .
(Have et al., Randomization Adequate (sealed Single blind 10.80% T Unlikely None No serious
2018) opague envelopes) (research team) suspected limitations
(unclear method)
Simple . . .
(Hecht & Randomization Unclear or not Single blind 37% Per Unlikely None Ve_ry_se_rlous
Garber, 2021) reported (research team) protocol suspected limitation
(unclear method)
(Resaland et Slmple . Unclear or not Single blind . Per . None Very serious
Randomization Uncertain Unlikely SO
al., 2018) reported (research team) protocol suspected limitations
(unclear method)
(Tarp et al., Simple Unclear or not 10% intervention Missing . None . S
2016) Randomization reported Open label and 11% controls  imputation Unlikely suspected Serious limitations
Coghnition
Simple Participants were
(gii;h olz%nfg;/v Randomization ?XVZL?C? tt:ee gvr\’(;l:g Open label 20% IT Unlikely su's\loencete d Serious limitations
v (unclear method) enrolle)(; P
Stratified . . .
(Have et al., Randomization Adequate (sealed Single blind 10.8% T Unlikely None No serious
2018) opague envelopes) (research team) suspected limitations

(unclear method)
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Study limitations (Risk of Bias)

Performance Bias

Attrition Bias

Reporting Bias

Authors o Selection Bias
Randomization
(year) Other Overall
Allocation Blinding Loss to follow- Analysis Selectlvg outcome
Concealment up reporting bias
(Hecht & Simple Unclear or not Single blind Per None Very serious
Randomization 9 37% Unlikely =Ty €
Garber, 2021) reported (research team) protocol suspected limitations
(unclear method)
(Tarp et al., Simple Unclear or not 10% intervention Missing . None . S
2016) Randomization reported Open label and 11% controls  imputation Uniikely suspected Serious limitations
Adequate,_ S”?“p'e Participants were
(Wassenaar et Randomization aware of the grou None
(computer- . : group Open label 33.40% IT Unlikely Serious limitations
al., 2021) in which they were suspected
generated random
enrolled
numbers)

IT — Intention-to-treat
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Table 6. Study limitations (Risk of Bias) of the observational studies included in the systematic review on the association between physical activity and academic achievement,
in children and adolescents.

Authors (year)

Study limitations (Risk of Bias)

Selection Bias

Detection Bias

Performance Bias

Attrition Bias

Eligibility criteria

Validity of the exposure

Controlling factors

Incomplete follow-up

Overall

Cross-sectional Studies

Convenient sample, eligibility

Unclear, per protocol, no

Bueno et al., i . s
( 2021) criteria defined. Valid ves drop out analysis Serious limitations
. N ) N.r %, per protocol no
Cosgrove & Convenient sample, eligibilit . o
Cgasteglgli 2018) criteria del?ined. gy Valid In part drop out analysis Very serious limitations
: ; P . 21%, per protocol, no
Esteban-Cornejo Convenient sample, eligibilit ’ ’ . L
( etal., 2014) J criteria deFf)ined. M vald ves drop out analysis Serious limitations
(Estrada-Tenorio ~ Convenient sample, eligibility Valid Yes Unclear, per protocol, no o
et al., 2020) criteria defined. drop out analysis Serious limitations
; P . 46%, per protocol, no
Mabher et al., Convenient sample, eligibilit k . .
( 2016) criteria deFf)ined. M vald inpart drop out analysis Very serious limitations
5 i ; P . 42%, per protocol, no
Syvaoja et al., Convenient sample, eligibilit k . N
( yV20113) criteria de?ined. M vald inpart drop out analysis Very serious limitations
(Tapia-Serrano et Convenient sample, eligibility valid Yes 42,3%, per protocol, no o
al., 2022) criteria defined. drop out analysis Serious limitations
Longitudinal Studies
(Booth et al., Convenient sample, eligibility Valid 33.7% per protocol, no . L
2014) criteria defined. ves drop out analysis Serious limitations
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Authors (year)

Study limitations (Risk of Bias)

Selection Bias

Detection Bias Performance Bias Attrition Bias

Eligibility criteria

Validity of the exposure Controlling factors Incomplete follow-up

Overall

Convenient sample, eligibility

27.4% per protocol, no

(Elish et al., 2022) criteria defined. Valid Yes drop out analysis Serious limitations
Convenient sample, eligibility . 10.14%, per protocol, drop
Haapala et al., ' ' ’ . o
( 2014) criteria defined. vald ves out analysis performed No serious limitations
; Convenient sample, eligibility . 51,1%, per protocol, ho
Ishihara et al., . o
( 2020) criteria defined. Valid Yes drop out analysis Serious limitations
. Convenient sample, eligibility Unclear Yes 46 to 66%, per protocol, . S
(Kari etal., 2017) criteria defined. no drop out analysis Very serious limitations
Convenient sample, eligibility . 41.2%, per protocol, no
Muntaner-Mas et . L
( al., 2021) criteria defined. Valid In part drop out analysis Very serious limitations
Convenient sample, eligibility . Unclear, per protocol, no
Vanhelst et al., . S
( 2016) criteria defined. Valid ves drop out analysis Serious limitations
_ - —— 5
(E. E. Wickel, Convenu_ent .samp_le, eligibility valid In part N.r %, per protoco_l, no Very serious limitations
2017) criteria defined. drop out analysis
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Table 7. Study limitations (Risk of Bias) of the observational studies included in the systematic review on the association between sleep and academic achievement, in children
and adolescents.

Study limitations (Risk of Bias)

Authors (year) Selection Bias Detection Bias Performance Bias Attrition Bias
Overall
Eligibility criteria Validity of the exposure  Controlling factors Incomplete follow-up
Cross-sectional Studies
; Convenient sample, eligibility . 42.3%, per protocol, no
Tapia-Serrano et . oo
( pal 2022) criteria defined. Valid Yes drop out analysis Serious limitations
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Table 8. Study limitations (Risk of Bias) of the observational studies included in the systematic review on the association between sedentary behaviour and academic

achievement and cognition, in children and adolescents.

Authors (year)

Study limitations (Risk of Bias)

Selection Bias

Detection Bias

Performance Bias

Attrition Bias

Eligibility criteria

Validity of the exposure

Controlling factors

Incomplete follow-up

Overall

Cross-sectional Studies

Convenient sample, eligibility

4% per protocol, no drop

(ngr:ﬁ_gggws criteria defined valid ves out analysis No serious limitations
é;:;zglglir’o;/(en&é) COnvenci(rai:](:riszijl ?eﬁ‘li?ezligibi”ty Valid In part N-:j‘;/g,ppjljtli:g;?;;lsno Very serious limitations
(Lopz%sls; al. Conven(:iﬁ:]tatriss ggii’tafi”gib”ity Valid ves 36;/:65 %Lffrtgfgi,sno Serious limitations
(aheretal. O dened Vald I part Y dron ok analysis Very serious limiations
S tal, o aeme Vald I part Y drop otk analysis Very serious limiations
Tapia-Serano et o mtined Vald ves  rop ot anatyss Serious lmitations
Longitudinal Studies
(Haapala etal,  Convenient sample, eligibilit Valid Ves 12ﬁ§?25fgﬁgsggoh

2014)

criteria defined

performed

No serious limitations
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Authors (year)

Study limitations (Risk of Bias)

Selection Bias

Detection Bias

Performance Bias

Attrition Bias

Eligibility criteria

Validity of the exposure

Controlling factors

Incomplete follow-up

Overall

Convenient sample, eligibility

11%, per protocol, drop

Hunter et al., i . oo
( 2018) criteria defined Valid In part out analysis performed Serious limitations
; Convenient sample, eligibility . N.r %, per protocol no
E. E. Wickel, ' ' . N
( 2017) criteria defined Valid In part drop out analysis Very serious limitations
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Table 9. Quality and summary of the evidence on the association between physical fithess and cognition and academic achievement in children and adolescents.

Subjects Study . . . . . Overall quality of -
(reports) Design Risk of Bias Inconsistency Indirectness Imprecision Other the Evidence Summary of findings
Cognition
Cross- Serious risk No serious Serious N=1/1 report showed beneficial
273 (1) . . N/A - ) - None Very Low associations between PA and
sectional of bias indirectness imprecision o
cognition.
Very serious No serious No serious N=1/1 report showed detrimental
1,364 (1) Longitudinal . yser N/A o . . None Very Low associations between PA and
risk of bias indirectness imprecision o
cognition.
N=2/4 reports showed beneficial
Serious risk No serious No serious No serious assopiations between PA and
21,742 (4) RCT of bias inconsistency  indirectness  imprecision None Moderate cognition.
N=2/4 reports showed null findings.
Academic Achievement
N=3/7 reports showed beneficial
associations between PA and
academic achievement.
N=2/7 reports showed null findings.
4,473 (7) Cross- Serious risk  No serious No serious No serious None Verv Low N=1/7 reports showed detrimental
’ sectional of bias inconsistency indirectness imprecision y associations between PA and

academic achievement.

N=1/7 reports showed beneficial
associations between PA and
academic achievement for boys and
null for girls.
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Subjects
(reports)

Study
Design

Risk of Bias

Inconsistency

Indirectness

Imprecision Other

Overall quality of
the Evidence

Summary of findings

18,831 (6)

Longitudinal

Serious risk
of bias

No serious
inconsistency

No serious
indirectness

No serious

. .. None
imprecision

Very Low

N=4/6 reports showed beneficial
associations between PA and
academic achievement.

N=1/6 reports showed null findings.

N=1/6 reports showed beneficial
associations between PA and
academic achievement for boys and
detrimental for girls.

2,399 (4)

RCT

Very serious
risk of bias

No serious
inconsistency

No serious
indirectness

No serious

. . None
imprecision

Moderate

N=2/4 reports showed beneficial
associations between PA and
academic achievement.

N=2/4 reports showed null findings.
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Table 10. Quality and summary of the evidence on the association between sedentary behaviours and cognition and academic achievement, in children and adolescents.

Subjects Study

Overall quality of

(reports) Design Risk of Bias Inconsistency Indirectness Imprecision Other the Evidence Summary of findings
Cognition
Very Serious No serious No serious N=1/1 report showed beneficial
1,364 (1) Longitudinal . y el N/A o . . None Very Low associations between SB and
risk of bias indirectness imprecision o
cognition.
Academic Achievement
N=3/5 reports showed null findings.
2,832 (5) Cros_s- Very serious No ser_ious _No_serious No seri_ogs None Very Low N=2/5 reports showed beneficial
sectional risk of bias inconsistency indirectness imprecision associations between SB and
academic achievement.
Serious risk No serious No serious No serious N=1/2 reports showed beneficial
4,594 (2) Longitudinal : . . S . . None Low associations between SB and
of bias inconsistency indirectness imprecision

academic achievement.
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Table 11. Quality and summary of the evidence on the association between sleep and academic achievement, in children and adolescents.

Subjects Stuc_iy Risk of Bias Inconsistency Indirectness Imprecision Other Overal_l quality of Summary of findings
(reports) Design the Evidence
Academic Achievement
. . . . N=1/1 reports showed beneficial
Cross- Serious risk No serious No serious o
1,277 (1) . : N/A o . . None Very Low associations between Sleep and
sectional of bias indirectness imprecision

academic achievement.
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Table 12. High-level summary of findings on the associations between movement behaviours and cognition and academic achievement.

Summary of Findings

Outcomes Quality of the evidence :\Ieuprgz(:r &
Beneficial Associations 2 Null Findings Detrimental Associations P
Cognition Very Low to Moderate 7 4 2 1
Academic Achievement Very Low to Moderate 25 15 8 2

a — Beneficial associations in at least one group of participants (example, gender)

b — Detrimental associations in at least one group of participants (example, gender)
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3.1 Study Characteristics

As showed in tables 1, 2, 3 and 4, the reports included in this review were
conducted mainly in Europe (61%) and North America (22%), were published
between 2013 and 2022. The included studies represented 48,558 participants,
aged 6 to 18 years. The sample sizes of the included reports varied from 133 to
18,261 participants. Ten (44%) reports were cross-sectional, 8 (35%) longitudinal
and 5 (21%) RCTs.

3.2 Main Results

Exposure: Sleep

Outcome: Cognition

There were no reports analysing the associations between sleep and cognition.

Outcome: Academic Achievement

There was one cross sectional report analysing the associations between sleep
and academic achievement. The study of (Tapia-Serrano et al., 2022) showed

beneficial associations between meeting sleep guidelines and AA. (Table 3)

Exposure: Sedentary behaviour
Outcome: Cognition

One report analysed the relation between sedentary behaviour and cognition
(longitudinal). The report of (E. E. Wickel, 2017) showed beneficial associations

between sedentary time and inhibition, working memory and fluid intelligence.
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Outcome: Academic Achievement

Eight reports analysed the associations between sedentary behaviour and

academic achievement (six cross-sectional and two longitudinal).

Observational reports

Among the cross-sectional reports, the reports of (Cosgrove & Castelli, 2018;
Lopes et al., 2017; Tapia-Serrano et al., 2022) showed null associations between
objectively measured sedentary behaviour and AA, while the report of (Correa-
Burrows et al., 2014), (Maher et al., 2016) revealed beneficial associations. The
report of (Syvaoja et al., 2013) revealed detrimental associations between screen
time and GPA. In addition, the reports of (Correa-Burrows et al., 2014) displayed
beneficial associations between self-reported sedentary behaviour and academic

scores in mathematics and language.

The report of (Hunter et al.,, 2018) showed null associations between total
sedentary behaviour, computer use, emailing, phone texting and AA; detrimental
associations between TV viewing or internet use and English AA and between
communication-based sedentary behaviour and Maths AA; beneficial
associations between TV viewing and maths AA and between doing homework
and English AA. The other report revealed beneficial associations between self-

reported sedentary behaviour and reading fluency, in boys (Haapala et al., 2014).

Overall, 43% of the reports showed null associations between sedentary
behaviour and AA, and 29% beneficial associations between sedentary
behaviour and AA. (Table 4)
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Exposure: Physical Activity

Outcome: Cognition

The associations between physical activity and cognition were examined in six
reports (one cross-sectional, one longitudinal, and four RCTS).

Observational Reports

As showed in table 2, only one cross-sectional report showed beneficial
associations between objectively measured moderate or moderate-to-vigorous
PA and attention capacity (Vanhelst et al., 2016). The only longitudinal report
showed detrimental associations between objectively measured light PA and fluid
intelligence in girls, and detrimental associations between vigorous PA and
inhibition in boys (E. E. Wickel, 2017).

RCTs

As depicted in table 1, among the RCTs, the PA interventions ranged from three
months to three years of duration; three assessed PA with accelerometer
(Bartholomew et al., 2018; Hecht & Garber, 2021; Tarp et al., 2016) and one
through self-report (Wassenaar et al., 2021).

Two RCTs reported null effects of PA intervention on cognitive performance —
processing speed, visual-relational memory performance, inhibitory control,
working memory performance, and cognitive flexibility (Wassenaar et al., 2021)
and on inhibition — response accuracy or reaction time on congruent and
incongruent trials, and for accuracy interference scores (Tarp et al., 2016).
However, a detrimental effect was found, in the PA group compared to controls,

on reaction time interference scores (Tarp et al., 2016).

Two RCTs reported beneficial effects in PA group compared to controls on time-
on-task (Bartholomew et al., 2018) and executive functioning (Hecht & Garber,
2021)

Overall, 50% of the reports showed beneficial associations between PA and

cognitions, and 33% null associations.
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Outcome: Academic Achievement

Seventeen reports analysed the associations between physical activity and
academic achievement (seven cross-sectional, six longitudinal, and four RCTS).

Observational reports

Among the cross-sectional reports, four showed null associations between
objectively measured MVPA and grade point average (GPA) (Bueno et al., 2021;
Cosgrove & Castelli, 2018; Syvaoja et al., 2013) or language, reading and
spelling performance (Maher et al., 2016)

Three studies reported detrimental associations between objectively measured
very vigorous PA and GPA (Cosgrove & Castelli, 2018), between objectively
measured moderate PA, vigorous PA and MVPA and academic performance
indicators (Esteban-Cornejo et al., 2014).

The report of (Tapia-Serrano et al.,, 2022) showed beneficial associations
between meeting PA guidelines and AA, one report showed beneficial
associations between objectively measured MVPA and academic domains of

writing and numeracy (Maher et al., 2016).

Among the longitudinal reports, one showed null associations between
objectively measured MVPA and AA (Elish et al., 2022) and one report showed
beneficial associations between objectively measured total PA and academic
performance (Muntaner-Mas et al., 2021). Another report showed beneficial
associations between self-reported participation in sports activities and academic
performance and detrimental associations between the non-participation and
academic performance (Ishihara et al., 2020). The report of (Syvaoja et al., 2013)

showed beneficial associations between MVPA and AA.

The report of (Booth et al.,, 2014) showed beneficial associations between
objectively measured MVPA and science’s grades only for girls and math’s
grades for boys and girls. The report of (Kari et al.,, 2017) showed beneficial
associations between being physically active and GPA only for girls, and between
being physically active and educational attainment for boys and girls. One report
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revealed beneficial associations between self-reported total PA or active school
transportation and reading fluency and comprehension, in boys, and detrimental
associations for reading fluency and comprehension or arithmetic skills, in girls
(Haapala et al., 2014)

RCTs

Among the RCTs, the PA interventions ranged from three to nine months of
duration and all assessed PA through accelerometery. Two RCTSs reported null
effects of PA intervention on math skills (Tarp et al., 2016) or maths performance
(Hecht & Garber, 2021). Two RCTs reported beneficial effects in PA group
compared to controls on math skills (Have et al., 2018) or academic performance,
particularly in boys (Resaland et al., 2018).

Overall, out of 17 reports, 53% showed beneficial associations between PA and
AA and 29% null findings. (Table 1 and 2)
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4. Discussion

4.1 Academic Achievement

The results indicate a beneficial association between PA, AA and
cognition. Our results are with abidance with the increasing evidence that higher
levels of PA are associated with a better AA in children and adolescents.
However, our findings suggest that some types and intensities of PA were
associated with even better results (Haapala et al., 2014). PA has been shown to
impact AA by modifying both function and structure of the brain. (Davis et al.,
2011; Donnelly et al., 2017), although this physiological response can justify
some of the results, it has been shown that PA also acts in a psychological
manner, by enhancing the enjoyment of academic lessons, improve academic
motivation (Vazou & Smiley-Oyen, 2014) and increase the engagement with
academic materials (Grieco et al., 2016). PA integrated in the curriculum showed
improvements in decreasing social gradients in academic performance and that
helps children in need of adapted education to benefit the most. (Resaland et al.,
2018). Engaging in PA was positively associated with improvement of academic
performance, and those associations were mediated by cardiorespiratory fitness
gains. (Ishihara et al., 2020). We discover that the most beneficial associations
appeared when children and adolescents met all the PA guidelines (Tapia-
Serrano et al., 2022), or when some type of active class protocol was used in the
intervention; however, when protocols used MVPA and vigorous PA the results
were beneficial only in some class subjects, they were often null or even
detrimental. Although these associations were weak, these results may indicate
that more physically active children and adolescents are, less time they spent on
studying. (Esteban-Cornejo et al., 2014).

Since the most active children had approximately 1.5 more years of education in
adulthood compared with their least active counterpart (Kari et al., 2017), itis also
possible to assume, that engaging in PA is particularly important in

disadvantaged families.
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Some of the studies (Estrada-Tenorio et al., 2020) showed considerable
differences in the results between genders, suggesting that further investigation
regarding the underlying mechanisms would be important disclose the potential
for gender responses. These results highlight the need to provide the school
system with the tools that guarantee boys and girls equal education opportunities.
We can assume that PA can contribute to decrease social gradients and benefit

the children in need of higher levels of attention and concern.

Concerning sedentary behaviour, the majority of the studies showed
beneficial or null associations the only negative outcome was when screen time
sedentary behaviour was studied. However, most studies assessed the total
amount of time spent in sedentary behaviour and not the several types of
sedentary behaviour. Indeed, some studies indicate that sedentary behaviour
spent reading and doing homework may be beneficial for AA.

We can conclude that more time spent in sedentary behaviour, related
with academic skills, was linked to better grades, these findings support the Time
Displacement Theory. Time Displacement Theory suggests that the time spent in
front of the screen may simply relocate time spent in other activities such as doing
homework or reading books, which may independently affect academic
performance (Sharif et al., 2010). In general, some factors such engagement in
lessons, parent involvement, study habits and school attendance can contribute

in a large way to these results.
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4.2 Cognition

Regarding cognition, it has been shown, that increased sedentary
behaviour from 9 to 15 years old, predicted a higher inhibition, working memory
and fluid intelligence. (E. E. Wickel, 2017) These results contribute to the
hypothesis that PA may displace time spent in activities that may benefit cognitive
outcomes, (E. E. Wickel, 2017) but evidence suggests PA and school based extra
activities are able to coexist. (Atkin et al., 2008; Ruiz et al., 2010).

In respect of PA, our results are in conformity with the evidence on the
subject, PA has demonstrated very positive effects on cognitive function in
humans, (Ahrberg et al., 2012; Erickson et al., 2019). It is known that the two
most important measures of cognition in children and adolescents are attention
and concentration; these are indispensable elements in comprehension and
learning processes. (Pesce et al., 2009). Experimental studies involving
adolescent populations report improvements in some executive functions after
structured exercise. (Eric E. Wickel, 2017).

In our review, children and adolescents spent more time on task after
exercise (Bartholomew et al., 2018) and achieved better results in cognition-
based tests.(Hecht & Garber, 2021; Vanhelst et al., 2016). Nevertheless, in girls,
higher levels of light PA was found to be detrimental, and vigorous PA can be
detrimental in boys (E. E. Wickel, 2017), especially in inhibition and fluid

intelligence.
4.3 Sleep

Regarding Sleep, the results are concerning, given that there is a lack of
evidence considering this movement behaviour. The amount of research using
sleep in healthy population is scarce, and therefore no conclusions can be drawn

at this point in time.

60



5. Strengths and Limitations

The strengths of our systematic review include the fact that we counted in
all papers published so far, potentially written in seven different languages, and

included both subjective and objective assessment of the exposures.

Given the heterogeneity of the included studies, meta-analyses were not
possible. In addition, the findings of this systematic review should be interpreted
with caution given the various forms of assessment of both exposures and
outcomes used in the included studies; the use of different cofounders and the

fact that most of the studies were conducted in developed countries.
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6. Conclusions

Overall, this systematic review showed that some evidence points out to
the beneficial associations of PA on cognition and AA as well as for the
detrimental effects of screen time. Although many inconsistent results were found
for sedentary behaviour. The evidence regarding the associations of sleep
duration and cognition and AA in children and adolescents is scarce and doesn't

allow to draw conclusions.

The quality of the evidence of the studies reviewed varied from very low to
moderate. More studies with stronger designs are needed to confirm or rule out
our findings, particularly RCT’s. Indeed, further efforts are needed to better
understand the associations between movement behaviours and cognition and
AA, mainly particularly well designed RCT’s; additional research on the effects of
sleep duration on cognition and AA; and further studies exploring the effects of
different types of sedentary behaviour on cognition and AA.

The findings of this systematic review may help design better health and

education policies.
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