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ABSTRACT
Objetivo: Sintetizar as evidências disponíveis na literatura acerca da relação entre os componentes 

da atividade física, da aptidão física e o desempenho acadêmico em adolescentes. Métodos: A revisão 
seguiu os procedimentos metodológicos descritos pelo PRISMA e foi realizada nas bases de dados Lilacs, 
Medline, SciELO, PubMed, Web of Science e Science Direct. Foram incluídos estudos empíricos, de natu-
reza quantitativa, publicados a partir do ano de 2006. Os descritores e palavras chave utilizados foram: 
“Motor activity”, “Physical fitness”, “Physical activity”, “Educational status”, “Academic achievement”, “Academic 
performance” e seus equivalentes em português e espanhol. Resultados: A aptidão física foi a variável mais 
investigada (45,5%), seguida da atividade física (40,9%), sendo que três estudos (13,6%) investigaram ambas. 
Conclusão: Atividade física e aptidão física estão positivamente associadas ao desempenho acadêmico de 
adolescentes. Em mais de 80% dos estudos a associação foi considerada forte. O componente da aptidão 
física mais frequentemente associado ao desempenho acadêmico foi a aptidão cardiorrespiratória. Nível 
de evidência II; Revisão sistemática.

Descritores: Atividade motora; Desempenho acadêmico; Aptidão física; Adolescentes.

RESUMO
Objective: To synthesize the evidence available in the literature on the relationship between the components 

of physical activity, physical fitness and academic achievement in adolescents. Methods: The review followed the 
methodological procedures described by PRISMA and was carried out in the Lilacs, Medline, SciELO, PubMed, Web of 
Science and Science Direct databases. Quantitative empirical studies published as of 2006 were included. The follo-
wing descriptors and keywords were used: “Motor activity”, “Physical fitness”, “Physical activity”, “Educational status”, 
“Academic achievement”, “Academic performance”, and their equivalents in Portuguese and Spanish. Results: The 
most widely investigated variable was physical fitness (45.5%) followed by physical activity (40.9%), whereas only 
three studies (13.6%) investigated both. Conclusion: Physical activity and physical fitness are positively associated 
with the academic achievement of adolescents. In more than 80% of studies the association was considered strong. 
The physical fitness component most frequently associated with academic achievement was cardiorespiratory fitness. 
Level of evidence II; Systematic review.

Keywords: Motor activity; Academic performance; Physical fitness; Adolescents.

RESUMEN
Objetivo: sintetizar las evidencias disponibles en la literatura sobre la relación entre los componentes de la actividad 

física, de la aptitud física y el desempeño académico en adolescentes. Métodos: La revisión siguió los procedimientos 
metodológicos descritos por PRISMA y se realizó en las bases de datos Lilacs, Medline, SciELO, PubMed, Web of Science 
y Science Direct. Se incluyeron estudios empíricos, de naturaleza cuantitativa, publicados a partir de 2006. Las palabras 
clave y los descriptores utilizados fueron: “Motor activity”, “Physical fitness”, “Physical activity”, “Educational status”, 
“Academic achievement”, “Academic performance” , y sus equivalentes en portugués y español. Resultados: La aptitud 
física fue la variable más investigada (45,5%), seguida de la actividad física (40,9%), siendo que tres estudios (13,6%) 
investigaron ambas. Conclusión: La actividad física y la aptitud física están positivamente asociados al desempeño 
académico de los adolescentes. En más de 80% de los estudios la asociación se consideró fuerte. El componente de 
la aptitud física más frecuentemente asociado al desempeño académico fue la aptitud cardiorrespiratoria. Nivel de 
evidencia II; Revisión sistemática.

Descriptores: Actividad motora; Rendimiento académico; Aptitud física; Adolescentes.
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INTRODUCTION
A student’s academic achievement (AA) can be influenced by the 

parents’ education, socioeconomic status, and region of the country, 
among other teaching strategies adopted by the school.1-3 In addition 
to these, intervention studies have distinguished a positive association 
between physical activity (PA) and AA.4,5 The debate about the promotion 
of PA and physical fitness (PF) at school involves not only the positive 
effects on health-related aspects of children and adolescents,5,6 but 
also their potential impact on AA4,5,7,8 and on PA levels from childhood 
through to adult life.9

In this context, adolescents represent a group that requires greater 
attention and understanding, since it is at this stage that PA and physical 
fitness levels appear to rapidly decline.10 Therefore, increasing the ex-
posure of young people to higher levels of PA in school can contribute 
both to health promotion9 and AA.11 Moreover, the positive influence of 
PA on the cognitive functions of children and adolescents is a relevant 
argument to justify the increase in time spent on physical education (PE) 
lessons and other opportunities for undertaking PA at school, without 
compromising on AA. PA can simultaneously provide an opportunity to 
directly benefit the health and AA of young people,9,11 with the potential 
outcome of reducing school failure and dropout rates.4,5,7,8 

To date, the systematic reviews published on the topic have shown 
results only for PA up to the year 2010,11 or only for PF.12 When PA and PF 
were analyzed jointly, studies were limited to cardiorespiratory fitness13 
or the age group of children.7 The available evidence does not show 
what has the greatest influence on AA (PA or PF). When investigating 
works published until 2010, Singh et al. identified a positive relationship 
between PA and AA in longitudinal articles, drawing attention to the 
low number of high quality articles.11 On the other hand, Marques et al. 
conclude that this relationship is inconsistent, particularly when PA is 
assessed by accelerometry.13 Other reviews have identified that cardiores-
piratory fitness is positively associated with good AA,12,13 demonstrating 
inconclusive results for muscle strength and flexibility.12 Therefore, it is 
necessary to ascertain to what extent the components of PA (intensity, 
frequency, time, type) and of PF (aerobic capacity, strength, flexibility 
and body composition) are related to AA, in addition to establishing 
the confounding variables most frequently reported in the literature, 
expanding knowledge of the topic.

Thus, the aim of this study was to synthesize the evidence available 
in the literature on the relationship between the components of physical 
activity, physical fitness and academic achievement in adolescents.

MATERIALS AND METHODS
The review followed the methodological procedures described by 

the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA),14 and was carried out by peers, in the Lilacs, Medline, SciELO, 
PubMed, Web of Science and Science Direct databases. The choice of 
databases was made according to subject.

With the intention of describing the most recent selection of eviden-
ce, quantitative empirical studies published as of 2006 and presenting 
information on the relationship between PA, PF and AA in adolescents 
(aged 12 to 18 years) were included. Review articles, opinions, letters 
to the editor, books, book chapters, research reports, dissertations and 
theses were excluded from the analysis.

The search was conducted in March 2018 with descriptors and 
keywords, so as not to compromise the scope of the search, combined 
with the Boolean operators “AND” and “OR”. The terms were standardized 
by the Health Sciences Descriptors (DeCS) in Portuguese and Spanish 
and used in the Lilacs, Medline and SciELO databases. The correspond-
ing terms in English, standardized by Medical Subject Headings (MeSH), 

were used in the PubMed, Web of Science and Science Direct databases. 
In addition, search filters for the target population (adolescents) were 
included in each database. The syntaxes used were as follows:
1. “atividade motora” OR “aptidão física” OR “atividade física” AND “es-
colaridade” OR “desempenho acadêmico” OR “rendimento escolar” OR 
“performance acadêmica”.
2. “motor activity” OR “physical fitness” OR “physical activity” AND “educa-
tional status” OR “academic achievement” OR “academic performance”.
3. “actividad motora” OR “aptitud física” OR “actividad física” AND “escola-
ridad” AND “rendimiento académico” AND “rendimiento escolar”.

The first stage consisted of the search for articles in the indexing 
databases (n = 5,962) and the exclusion of repeated titles. The titles were 
then read (n = 5,783) in order to identify articles related to the topic 
(n = 86). This was followed by the reading of abstracts, maintaining 
the research projects that presented information on AA, PA and/or PF 
(n = 45). The articles remaining at the end of these stages that satisfied 
the inclusion criteria totaled 22 (Figure 1).

The following information was extracted: authorship, year of publica-
tion, country of origin, year of collection, sample size, age of the subjects 
and study design. Articles that did not mention age, but mentioned the 
school grade of the adolescents, had the age bracket extrapolated by 
the authors, based on the school grade mentioned.

Information on the units of measurement of the dependent/indepen-
dent variables and instruments used were also presented, along with a 
description of the studies with groups, providing details about the expe-
riment (frequency, intensity, time, type and groups), as well as the main 
results of the relationship between PA, PF and AA, mentioning information 
related to the control variables and the statistical results obtained. 

In addition, the selected articles were assessed for quality using 
an adapted scale.15 Among the 27 original items on the scale, 16 
were evaluated for articles that were related to observational studies, 

Figure 1. Stages of selection of the articles included in the systematic review on 
physical activity, physical fitness and academic achievement in adolescents, 2018.
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obtaining a score between 0 and 17 points (one of the items has a 
weight of two), and 27 for experimental studies, obtaining a score 
between 0 and 27. The items evaluated were: (1) quality of the des-
cription of hypotheses/objectives; (2) quality of the description of the 
outcome to be studied; (3) characterization of the included sample; (4) 
quality of the description of expositions of interest; (5) discussion of the 
main confounding factors; (6) quality of the description of the main 
outcomes of the study; (7) provision of estimates of random variability 
for the main findings; (8) adverse events (9) number of patients lost 
to follow-up; (10) presentation of the actual probability found; (11) 
selection and (12) inclusion of a representative sample; (13) represen-
tative or non-representative intervention site; (14) blinding of patients 
in relation to the intervention; (15) evaluators with no knowledge of 
the evaluation; (16) analysis of the main results; (17) follow-up time; 
(18) appropriation of the statistical tests used to measure the main 
outcomes; (19) expositions without classification errors; (20) accuracy 
of the instruments used for the main outcomes; (21) recruitment; (22) 
same recruitment period; (23) randomization; (24) confidential random 
allocation; (25) adequacy of the adjustment for the main confounding 
factors; (26) losses to follow-up; (27) adequacy of the statistical power to 
detect an important effect, with a significance level of 5%. The sum of 
the items was considered as the absolute quality index and the relative 
index was used to characterize studies with higher or lower quality.

In addition, Cohen’s d was calculated to standardize the comparison 
of results, thus enabling a better comparison of the strength of association 
of each study.16

 This measure was taken due to the considerable variety 
of statistical procedures. The results were then classified in small, medium 

and large effect size, according to the analysis employed.16 The lack of 
information on data in the analyses, in some studies (7), precluded an 
effect size calculation.

RESULTS
Twenty-two articles fulfilled the criteria and were included in this 

study. Approximately one in three articles was published between 2016 
and 2018, with a greater proportion of studies carried out on sample 
groups of adolescents from the United States (27.3%), Chile (18.2%) 
and Spain (13.6%). Sample size ranged from 67 to 254,743 adolescents, 
14 studies used a cross-sectional design (63.6%), while six studies used 
a longitudinal design, as follows: three retrospective cohort studies 
(13.6%), three prospective cohort studies (13.6%) and two studies with 
an experimental design, of the group-/class-randomized trial type (9.1%). 
All studies included male and female adolescents in the sample and 
used quantitative methods. As regards the quality of the studies, 86.3% 
fulfilled at least 80% of the quality items suggested by the scale. Further 
information on the characteristics of the studies is presented in Table 1.

AA was assessed in most studies (54.5%) by academic grades. The 
rest of the studies assessed AA based on standardized tests (45.5%), with 
protocols differing according to the country and/or region. In the United 
States, the following tests were used: New York State Testing Program,21,31 
CST (California Standardized Test),26 MEAP (Michigan Educational As-
sessment Program)29 and TAKS (Texas Assessment of Knowledge and 
Skill).27 Chile used the SIMCE (System for the Assessment of Educational 
Quality Test)20,32,35 and Taiwan measured academic achievement based 
on the score of a test for admission to higher education, GSAT (General 

Table 1. Characteristics of the studies selected in the systematic review on physical activity, physical fitness and academic achievement in adolescents (n = 22).

Author Year PA/PF Country Year of collection n Age Design Quality of studiesa %b

Sigfusdottir et al.17 2007 PA Iceland 2000 5,810 14 to 15 Cross-sectional 15 93.8
Fox et al.18 2010 PA USA 1998-1999 4,746 11 to 18 Cross-sectional 14 87.5

Stea and Torstveit.19 2014 PA Norway N/A 2,432 15 to 17 Cross-sectional 14 87.5
Correa-Burrows et al.20 2014 PA Chile 2010 620 14 to 15 Cross-sectional 14 87.5

Phillips et al.21 2015 PA USA 2009-2010 72 14 to 15
Quasi-experimental 
(no control group)

22 81.5

Bastos et al.22 2015 PA Portugal N/A 490 12 to 18 Cross-sectional 14 87.5
Faught et al.23 2017 PA Canada 2014 28608 11 to 15 Cross-sectional 15 93.8

Garcia-Hermoso 
and Marina24 2017 PA Chile 2014 395 12 to 13 Cross-sectional 14 87.5

Owen et al.25 2018 PA Australia 2014-2015 2,194 M=12.98/M=14.12
Longitudinal 

Prospective Cohort
15 93.8

London et al.26 2011 PF USA
2002-2003
2007-2008

1,325
1,410

09 to 13
11 to 15

Longitudinal 
Retrospective Cohort

15 93.8

Van Dusen et al.27 2011 PF USA 2007-2008 254.743 8 to 17 Cross-sectional 15 93.8

Chen el al.28 2013 PF Taiwan 2008-2010 669 M=14.6
Longitudinal 

Prospective Cohort
14 87.5

Coe et al.29 2013 PF USA 2008 1,701 08 to 15 Cross-sectional 14 87.5

Liao et al.30 2013 PF Taiwan 2009-2011 149.240 17 to 18
Longitudinal 

Retrospective Cohort
13 81.3

Bezold et al.31 2014 PF USA
2006-2007
2010-2011

83.111 11 to 14
Longitudinal 

Retrospective Cohort
15 93.8

Olivares and 
Garcia-Rubio.32 2016 PF Chile 2011 18746 M=13.8 Cross-sectional 13 81.3

Castro and Oliveira.33 2016 PF Brazil 2015 326 15 to 18 Cross-sectional 13 81.3
Castro Lopez et al.34 2016 PF Spain N/A 338 M=14±1.3 Cross-sectional 12 75.0

Garcia-Hermoso 
et al.35 2017 PF Chile 2011, 2013, 2014 36870 M=13.83 Cross-sectional 13 81.3

Ardoy et al.36 2014 PA/PF Spain 2007 67 12 to 14
Experimental (with 

control group)
20 74.0

Pellicer-Chenoll 
et al.37 2015 PA/PF Spain 2007-2011 444 16 to 17

Longitudinal 
Prospective Cohort

12 75.0

Oliveira et al.38 2017 PA/PF Portugal N/A 640 M=13,35±2.5 Cross-sectional 13 81.3
USA= United States of America; N/A= Not Available; M= Mean; PA=Physical Activity; PF=Physical Fitness; a: number of items on the scale (n) of quality achieved by the article. b: number of items on the scale (%) of quality achieved 
by the article
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Scholastic Ability Test),30 which is equivalent to the SAT (Scholastic Ap-
titude Test) in the United States, or ENEM (Exame Nacional do Ensino 
Médio – National High School Examination) in Brazil.

Of the studies that investigated PA, 88.8% used questionnaires to 
assess this variable: Questionnaire created by Prochaska, Sallis & Long;22 
Godard, et al.;20 Leisure Time Exercise Questionnaire;18 PAQ-A,24 IPAQ37 
and another created and validated for the study.17 Only two articles 
assessed PA objectively.25,38 PF was the independent variable most fre-
quently investigated (45.5%), followed by PA (40.9%), and three studies 
(13.6%) measured both.36-38 Among the 13 articles that investigated PF, 
the test battery used most often was FITNESSGRAM,26,27,29,31 followed 
by the EUROFIT34 battery, while the rest used single miscellaneous 
tests28,30,32,33,35-38 (Table 2).

The most frequent confounding variables were socioeconomic 
status (SES) (45.5%), nutritional status (45.5%), sex (36.4%) and age 
(27.3%). All articles included in this review showed a positive gross 
association between PA and/or PF and AA. Among the 15 articles that 
made adjustments for confounding variables,17-20,23-25,28,29,31-33,35,38 93.3% 
continued to show a significant association between PA, PF and AA after 
adjustment.17-20,23,25,28,29,31-33,35,38

Approximately half of the articles (10) presented results stratified by 
sex.18,19,21,24-27,30,31,34 Of these studies, 10% suggest a greater association 
of PA/PF with academic achievement for boys,21 while 70% of studies 
suggest a greater association of PA/PF with academic achievement for 
girls.18,19,24-26,30,34 Furthermore, 20% of studies that stratified results according 
to sex did not identify differences in results between boys and girls.27,31

Table 2. Instruments and units of measurement of the independent and dependent variables (n = 22).

Author Year 
PA/
PF

Instrument used to collect 
independent variables

Unit of measurement of the 
independent variables 

Measure of academic achievement

Sigfusdottir et al.17 2007 PA Questionnaire
PA level (Score from 1 to 6 – almost never, 

less than 1x/week, 1x/week, 2 to 3x/week, 
4 to 5x/week and almost every day)

Academic grades

Fox et al.18 2010 PA
LTEQ (Leisure Time 

Exercise Questionnaire)
PA level (minutes/week) Academic grades

Stea and Torstveit.19 2014 PA Questionnaire 2 categories of hours/week Academic grades

Correa-Burrows et al.20 2014 PA
PA Questionnaire

(Godard; et al, 2008)
PA level (minutes/week)

SIMCE (System for the Assessment 
of Educational Quality Test)

Phillips et al.21 2015 PA Questionnaire
PA level (minutes/week), 

Physical Education lesson
The New York State Testing Program

Bastos et al.22 2015 PA
PA Questionnaire

(Prochaska, Sallis & 
Long, 2001)

PA level (minutes/week) Academic grades

Faught et al.23 2017 PA Questionnaire Days/week Academic grades (Self-reported)
Garcia-Hermoso and Marina.24 2017 PA PAQ-A PA level (score from 1 to 5) Academic grades

Owen et al.25 2018 PA Accelerometry Counts
NAPLAN (National Assessment 

Program – Literacy and Numeracy)

London et al.26 2011 PF FITNESSGRAM
PF Score 

(4 categories)
CST (California Standardized Test)/ 

ELA (English Language Arts

Van Dusen et al.27 2011 PF FITNESSGRAM
Interquintile

PF
TAKS (Texas Essential 

Knowledge and Skills)

Chen et al.28 2013 PF

1600/800 run test
Sit and reach

Bent leg curl up
BMI

VO2max (ml/kg/min)
Centimeters

Repetitions/1 minute
Weight(kg)/Height (meters)

Academic grades

Coe et al.29 2013 PF FITNESSGRAM
PF Score
(0 to 5)

MEAP (Michigan Education 
Assessment Program)

Liao et al.30 2013 PF

1600/800 run test
Sit and reach

Bent leg curl up
Jumping distance

VO2max (ml/kg/min)
Centimeters

Repetitions/1 minute
Centimeters 

GSAT (General Scholastic 
Assessment Test)

Bezold et al.31 2014 PF FITNESSGRAM Percentile of PF score (%) The New York State Testing Program

Olivares and Garcia-Rubio.32 2016 PF SIMCE VO2max(ml/kg/min)
SIMCE (System for the Assessment 

of Educational Quality Test)

Castro and Oliveira33 2016 PF
Sit and reach
1609 m test

Abdominal test

Centimeters 
VO2max (ml/kg/min)
Repetitions/1 minute

Academic grades

Castro Lopez et al.34 2016 PF EUROFIT
PF Score

(5 groups)
Academic grades

Garcia-Hermoso et al.35 2017 PF SIMCE VO2max(ml/kg/min)
SIMCE (System for the Assessment 

of Educational Quality Test)

Ardoy et al.36 2014
PA/
PF

20m Shuttle run
4x 10 m shuttle run
Standing long jump

VO2max (ml/kg/min)
Seconds and hundredths

Centimeters 
Academic grades

Pellicer-Chenoll et al.37 2015
PA/
PF

IPAQ 
Jump power
Cooper test

Handgrip isometric strength
IMC

PA level (minutes/week)
Centimeters 

VO2max (ml/kg/min)
Kilogram (kg)

Weight(kg)/height (meters)

Academic grades

Oliveira et al.38 2017
PA/
PF

20m Shuttle Run
Accelerometry

VO2max (ml/kg/min)
Counts

Academic grades

PA = Physical activity; PF = Physical fitness.
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In three studies, when stratifying the analyses by sex, boys stopped 
showing an association.24-26 The studies that investigated PF as an in-
dependent variable, showed, in 40% of the studies, that the result does 
not differ between boys and girls. However, 60% of the studies showed 
a strong association between PF and AA for girls.

When considering only studies that analyzed components of 
physical fitness (n = 9),27,30,32,33,35,37,38 the investigations demonstrated 
that cardiorespiratory fitness (77.8%),27,28,32,33,35,37,38 muscle strength 
(66.7%),27,29,32,33,35,37 flexibility (33.3%)27,30,32 and muscle power (22.2%)30,37 
were associated with AA. As regards the studies that analyzed PA 
(n = 12),17-25,37-38 the components most closely associated with good AA 
were: volume in minutes/week or kcal/day (66.7%),17-20,22,24,25,37 frequency 
in days/week (16.7%),23,36 post-intervention time to perform an academic 
activity (8.3%),21 and intensity of the activity performed (8.3%).36

Based on the studies that presented sufficient data to calculate the 
effect size (15 articles), irrespective of the type of design, the studies 
consistently show that there is a positive association between PF and 
PA levels and AA. When investigating the relationship between PF and 
AA (5 studies),23,28,33-35 80% of studies had a large effect size.23,28,33,35 When 
investigating the relationship between PA and AA (8 studies),18-21,23-25,30 
75% of them had a large effect size.18-21,24,30 The two studies that inves-
tigated PF and PA together with AA and offered sufficient data for the 
calculation37,38 had a large effect size. The results did not vary in relation 
to the type of design or according to the sample number, because 
regardless of the study design, the association between the variables 
PF/PA and AA was positive.

Three studies quantified AA according to academic grade values.28,31,36 
The increase in the frequency of PE classes from two to four times a week 
with an intensity >120 beats per minute (bpm), average of 147 bpm, 
improved the overall AA for 96% of the students.36 The improvement 
in PF, for the “excellent” rating of the normative test table, increased the 
academic grades of those who achieved this classification by 20 percentile 
points or more.31 Moreover, the maintenance and/or improvement of 
cardiorespiratory fitness levels, adjusted by the confounding variables, 
accounted for 17.3% of the improvement in AA in grades.28 The main 
results of each study are described in Table 3.

DISCUSSION
The aim of this study was to synthesize the evidence available in 

the literature on the relationship between the components of physical 
activity, physical fitness and academic achievement in adolescents. 
There has been an increase in the number of publications since 2015. 
Most studies are from the United States and Europe, corroborating the 
existence of a gap in this topic in low and middle income countries.20,33 
Most have a cross-sectional design, hence it is not possible to rule out 
reverse causality as a limitation of the findings. All studies in this review 
showed a positive association between PA and/or PF and AA. However, 
part of the studies had a longitudinal design, and the results did not 
differ from the cross-sectional studies, supporting the hypothesis that 
the relationship may be causal.

AA was assessed through academic grades or standardized tests 
adapted to the situation of each country. This limits comparisons bet-
ween countries. Nevertheless, since the outcome is measured in a 
standardized manner, any problems with classification bias are mitigated, 
which reinforces the internal validity of the studies. PF was analyzed 
in an objective and standardized manner. However, PA was assessed 
through self-reported measures, which have less sensitivity and precision 
and limit the comparison.39 Accordingly, there is a greater chance of 
classification errors for PA when compared to studies that used PF as 
an independent variable. The absence of studies that simultaneously 

analyze PA and PF, limits the understanding of these expositions since 
PA and PF are independent predictors of several aspects of adolescent 
health40 and development.18,22,28,29

The main confounding variables analyzed were socioeconomic 
status, sex and nutritional status, and were used in the adjusted analyses, 
demonstrating that they moderate this relationship. A study carried out 
in the state of São Paulo, which included the 1,000 best schools, sho-
wed that the higher the monthly tuition fees, the higher the students’ 
scores in ENEM, even after adjusting for family background, indica-
ting that the more expensive the tuition, the higher the AA.3 Another 
study conducted with data from the Elementary School Assessment 
System considering socioeconomic variables of schools and parents, 
showed that 79% of the variance between schools can be attributed 
to socioeconomic composition, with the parents’ education exerting a 
strong influence.2 Therefore, socioeconomic variables, both of schools 
and of parents, should be considered when interpreting associations. 
Consequently, we suggest using these variables in future research, in 
addition to other psychosocial variables such as self-confidence, social 
support and readiness for participation in PA, as a way of seeking to better 
understand how all these variables are interrelated in the association 
between PA, PF and AA.

Most of the studies assessed AA based on academic grades, yet 
the method of quantification varies from country to country, which 
may constitute a trend bias in the analyses.17,18,22,28,33,34,36,37 High-inco-
me countries used similar standardized tests (United States, Chile and 
Taiwan). The standardized tests showed adequate reliability (test-retest 
between r = 0.81 and r = 0.93)27 and internal consistency (Alpha bet-
ween 0.83 and 0.89).21 These tests are consistent with the situation in 
schools,21,27 and enable an analysis between different school grades 
and years.30,31 Two studies opted to standardize the results in percen-
tiles and Z-score, respectively.26,29 Although standardized scales allow 
comparisons in analyses, they are not yet widely used, which limits the 
comparison between studies, since academic grades do not follow the 
same assessment standard.

PA and PF are rarely measured simultaneously. Therefore, there is 
scant evidence about the weight of each one, when assessed together 
with AA. Systematic reviews published on the topic present results 
independently;11,12 when PA and PF were analyzed in conjunction, studies 
were limited to the cardiorespiratory fitness13 or age bracket of children.7

We identified three works (13.6%) that assessed PA and PF simul-
taneaously.36-38 Of these, one identified a positive association with AA 
only for PF,38 another only for PA,36 and the third for both variables.37 A 
randomized study analyzed the frequency and intensity of physical edu-
cation lessons on the performance of two academic tests, one involving 
mathematics and the other language. The results showed no difference 
in AA between lessons held twice a week compared to lessons held 4 
times a week, and HR <120 beats per minute, but revealed a difference 
when the intensity was> 120 beats per minute.36 Suggesting that PA 
is related to AA, however, the weekly volume alone does not seem to 
cause any change, requiring the combination of volume and intensity.

As regards to PF, AA and sex, the studies included in this review sho-
wed a significant positive association for girls30,34 and for both sexes.31 
However, the effect was greater for boys than for girls.31 Performance 
on a mathematics test was higher for boys (6.11 ± 2.24) than for girls 
(5.17 ± 2.52).21 Although sex acted as a moderator of results in the ar-
ticles cited, this effect may not be the same in other groups, since the 
methodology of the studies and the variables of PF are not the same. 
Similarly, in the review published by Santana et al.12 in 2016, which syn-
thesized articles with PF and AA, we found one study that showed an 
association only for boys and three that showed a strong association for 
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Table 3. Characterization and main results of the studies analyzed (n = 22).

Author 
(Year)

PA/ PF
Description of the 

experimental studies
Main results

Effect or/ 
regression 
coefficient

Sigfusdottir 
et al. (2007)17 PA NA Body mass, diet and PA explain 24% of the variation in AA when controlled 

by gender, parental education, family structure and absenteeism. NA

Fox et al. 
(2010)18 PA NA

Adjustment for SES, race/ethnicity. In high school girls hours of moderate/vigorous PA (t = 4.54; 
p <0.001) and participation in sports teams (t = 5.99; p <0.001) were independently associated 
with higher AA. In boys only participation in sports teams was significant (t = 6.41; p <0.001).

Large

London et 
al. (2011)26 PF NA

Girls had better scores only in English language (B= 0.084; p <0.05). Variables associated with math 
and English grades were: Passing in the two PF tests (B = 0.218 and 0.154; p <0.001), Non-Hispanic 
White (B= 0.237; p <0.01/ B= 0.391; p <0.001), Be learning English (B=-0.660 and 0.820; p <0.001) 

Special education (B = -0.560 and -0.640; p <0.001), Reduced lunch break time (B = -0.270 and 
-0.3; p <0.001) and Parents with higher education (B = 0.269 p <0.001 and B= 0.128; p <0.01). 

NA

Van Dusen 
et al. (2011)27 PF NA PF positively associated with the scores of the reading (p <0.05) and math 

tests (p <0.001) after adjustment for sociodemographic variables. Large

Chen et al. 
(2013)28 PF NA 

PF and change in weight, controlled by sex and 
SES, were associated with AA (p = 0.001 and p= 0.003 respectively). 

These variables explained the variation in AA (17.3%).
Large 

Coe et al. 
(2013)29 PF NA A positive association was found between PF and AA (p <0.005), irrespective of SES. NA

Liao et al. 
(2013)30 PA NA

The change in the combined PF score during the high school years with 
the scores of the college/university admission examination were positively 

associated, with a stronger relationship for female students (p <0.05).
Large

Ardoy et al. 
(2014)36 PA/PF

PE at school, CG= 2x/week 
55 min. EG1= 4x/wk 55 
min. EG2= 4x/wk 55min 

high intensity (>120bpm)

AA was not associated with PF (adjusted for maturation, sex, frequency of lessons, and baseline 
values) considering the total n of the sample (all groups together). AA had a significant 

association for the EG2 group (considering the academic grades for mathematics p=0.02; 
other disciplines p=0.001). 96% of students had improvements in their academic grades.

NA

Bezold et 
al. (2014)31 PF NA

Both boys (+0.38 percentage points/year –95% CI) and girls (+0.36 percentage points /
year –95% CI) who improved their PF levels improved their scores on the academic test 

when compared with the reference group. Boys (-0.55 percentage points/year – 95% 
CI) and girls (+0.40 percentage points/year –95% CI) who had a worse PF level also 

had worse scores on the academic test compared to the control group. The analysis 
was adjusted for obesity, aptitude, income, language spoken, and place of birth.

NA

Correa-
Burrows et 
al. (2014)20

PA NA

The chance of having a good sufficiency (OR=2.3 95% CI:1.3-4.2) or proficiency score (OR=2.9 95% 
CI:1.9-4.6) was twice as high for physically active students compared to students who participate 

in <2h/week of regular PA. When adjusted by sex, nutritional status, SES and type of school, it 
was associated with more than 4h/wk, being male and high school quality ranking (p <0.001).

Large

Stea and 
Torstveit 
(2014)19

PA NA

Girls (OR=1,51) and boys (OR=1.39) who accumulated a greater number of hours of PA per week had 
a greater chance of achieving better school grades, when compared to classmates who engage in 
PA less frequently. Likewise, active commuting was also associated with better academic grades for 

girls (OR= 1.51) and boys (OR=1.72). The analyses were adjusted for BMI and parental education.

Large

Bastos et 
al. (2015)22 PA NA AA in PE was positively associated with participation in PA (r=0.25 p <.001). Frequency of 

federated sports had a positive association with the final average (r=0.11 p< 0.05). NA

Pellicer-
Chenoll et 
al. (2015)37

PA/PF
NA

All the indicators of PF (aerobic test, strength, jump) and PA level showed a positive correlation 
with AA (p <0.001). Body mass index had a negative correlation with AA (r=-0.56; p <0.001). Large

Phillips et 
al. (2015)21 PA

PE at school, No control 
group/With baseline 
20min vigorous PA

The PE lesson in the form of a 20-minute high-intensity aerobic circuit showed 
a positive association with achievement in math tests 30 minutes after the 

lesson for boys (Mean=6.11±2.24) and girls (Mean=5.17±2.52). 
Large

Castro and 
Oliveira 
(2016)33

PF NA

Cardiorespiratory endurance and strength showed an association with AA. 
Adolescents with low PF levels are twice as likely to have a poor performance 

(OR=2.3 95% p=0.038), when compared to adolescents with high PF levels. When 
adjusted for sex and age, only cardiorespiratory endurance was associated. 

Large

Castro Lopez 
et al. (2016)34 PF NA

The total PF score was positively correlated (p <0.001) with AA. When stratified by sex, 
the correlation with PF was maintained (r=0.571 female and r=0.388 male p <0.001). By 

origin, only immigrants failed to show a significant association in mathematics.
Medium

Olivares and 
Garcia-Rubio 

(2016)32
PF NA

All the PF components showed an association with the AA score, control, sex, SES, region 
and type of school. Strength was the PF component with the highest beta value (B=0.09). 

Flexibility and strength showed an individual association with all the subjects.
NA

Faught et 
al. (2017)23 PA NA

Students who followed the recommendations of 3-5 days a week of PA had 33% less chance 
of achieving excellent grades when compared to those who followed the recommendation 

for 6-7 days of the week. Moreover, when the frequency of active days of the adolescents 
presented was 0-2 days/week, this chance fell to 51%. Control: age, sex, BMI and SES.

Medium

Garcia-
Hermoso 

and Marina 
(2017)24

PA NA Association between PA and AA for girls (p=0.043). When adjusting: age, birth weight, 
SES, education and weight of the mother, and screen time, no association was seen. Large

Garcia-
Hermoso et 
al. (2017)35

PF NA

In students with high cardiorespiratory fitness levels and normal weight the chances of 
high AA increase by 49.9%, when compared to low fitness levels and overweight students. 
Adjustment: weight, sex and SES. Students with good PF had better chances of achieving 
good grades both in languages (OR:1.187/ OR:1.349), and in math (OR:1.444/ OR: 1.728).

Large

Oliveira et 
al. (2017)38 PA/PF NA Adolescents forming the fourth quartile of cardiorespiratory fitness had higher grades in 

their native language when compared to the first quartile (M diff= 0.36; p <0.005). Large

Owen et al. 
(2018)25 PA NA Changes in PA showed a positive association with AA scores for girls (B = 

0.39). The model of analysis was adjusted para BMI, SES and race. Medium
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girls. Furthermore, it is suggested that this trend may occur in girls due 
to maturation velocity.41 Along the same line, the review by Marques et 
al.,13 which assessed cardiorespiratory fitness alone, found two studies 
that showed a positive association only for girls.

In at least three articles that quantified AA according to academic 
grades, it was possible to ascertain that the improvement in PF or the 
level of PA are associated with the increase in grades.28,31,36 Even though 
cross-sectional studies point to a positive relationship between PA, PF 
and AA, there are few studies that have analyzed this causal relationship. 
It is important to mention that academic grades are a limitation when 
comparing studies, as they are affected by the teacher’s subjectivity, 
selection bias and the students’ behavior.13 This indicates the need for 
the use of standardized tests to assess AA, in order to facilitate compa-
risons between studies.

There are two principal theoretical mechanisms to explain the positive 
impact of PA and improvement in PF scores on AA. The neurophysiologi-
cal mechanism is based on the improvement in synaptic transmissions, 
which can increase memory capacity, thereby facilitating learning.42,43 
The psychosocial mechanism suggests that the improvement in physical 
test results is associated with components of mental health (self-esteem, 
self-image and emotional stability),17,44 which consequently has its impact 
on cognitive aspects.

Most studies had a cross-sectional design, therefore, causality can-
not be determined. AA is assessed by academic grades or by means of 
standardized tests that are suitable for the situation of each country. 
Therefore, the international comparison is limited. PA is assessed by 
different self-reported measures, hence comparisons between studies 
are limited and measurement errors cannot be disregarded. In contrast, 

PF is analyzed objectively and by standardized tests, therefore reducing 
the chances of classification errors. Some studies (8) did not present 
sufficient data in their analyses to calculate the effect size. As a result, it 
was not possible to establish this information in its entirety. 

Simultaneous assessment of PA and PF as independent variables 
is recommended. Investigations with samples from developing coun-
tries, and the inclusion of possible confounding variables such as sex, 
age, nutritional status, parental education and SES. The use of these 
variables can help to improve the accuracy of results.

CONCLUSIONS
The results of this review suggest that PA and PF are positively asso-

ciated with adolescent AA. In more than 80% of the studies that investi-
gated PA or PF as an independent variable, the strength of association 
was considered strong in relation to the effect size. Studies that assessed 
PA and PF simultaneously show inconclusive results about which of the 
variables has the greatest influence on AA, as they represent a small 
portion of the evidence (13.6%) and provide discrepant results. The 
component of PF that showed the highest frequency of association with 
AA was cardiorespiratory fitness (77.8%), followed by muscle strength 
(66.7%). Studies on PA did not assess time, type, volume and frequency 
separately, rendering comparisons between components impossible. 
Regular participation in PA and improvement of PF can produce positive 
effects on the AA of adolescents.

All authors declare no potential conflict of interest related to this article
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