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Abstract

Objective: We sought to investigate the longitudinal associations of moderate-to-vigorous physical activity (MVPA) and pubertal development
with academic achievement in adolescents.

Methods: A total of 635 adolescents (283 boys, 352 girls) aged 11—13 years participated in the study. MVPA was assessed by the Health Behav-
iour in School-aged Children study questionnaire, and pubertal development was assessed by the Pubertal Development Scale at beginning of
the 6th grade (baseline) and end of the 7th grade (follow-up). Grade point average (GPA) at the end of Grades 5 and 7 was computed from data
acquired from the school registers. The data were analyzed using linear regression and analyses of covariance.

Results: In boys, MVPA was positively associated with GPA at baseline after adjustment for age (8=0.144, 95% confidence interval (CI):
0.028—0.260, p =0.028). In girls, the Pubertal Development Scale was positively associated with GPA at baseline (8=0.104, 95%CI: —0.004 to
0.211, p=0.058) and follow-up (8=0.104, 95%CI: —0.002 to 0.211, p=0.055) after adjustment for age, and these associations strengthened
after further adjustment for MVPA (p < 0.05). Adolescents who were inactive at baseline or at baseline and follow-up had lower GPA during fol-
low-up than their continuously highly active peers (mean difference = —0.301, 95%CI: —0.543 to —0.058, p =0.009) and all other adolescents
(mean difference = —0.247, 95%CI: —0.475 to —0.019, p =0.029). These differences were greater in girls than in boys.

Conclusion: Lower levels of MVPA were associated with lower GPA in boys at baseline. Girls who were continuously inactive had lower GPA
over the follow-up period than those who were continuously active. Finally, earlier pubertal development was associated with better academic
achievement in girls.

2095-2546/© 2020 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction achievement have been cross-sectional.” > Pubertal develop-
ment during adolescence may influence PA and academic
achievement, but few studies among adolescents have investi-
gated independent associations of PA and pubertal development
with academic achievement.” Furthermore, the transition from
primary school to lower secondary school is a critical transition
among adolescents, but there are no previous longitudinal stud-
ies on the associations of PA or pubertal development with aca-
demic achievement during this period.
) o o The results of cross-sectional studies suggest a positive
Peer review under responsibility of Shanghai University of Sport. .. . .
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E-mail address: cero.a.haapala@jyu.fi (E.A. Haapala). ment in youth.”” However, the evidences from studies utilizing

Higher levels of physical activity (PA) have been associated
with decreased body fat content and more favorable cardiometa-
bolic risk factor levels and better bone health in children and
adolescents.'” Evidence on the positive associations between
PA and academic achievement is also emerging.”* However,
the direction of these associations is still largely unknown
because most studies on the association of PA with academic
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device-based measures of PA show weak, if any, associations
with academic achievement.” © Although some longitudinal
studies have found a positive association between PA assessed
at the baseline of the study with subsequent academic
achievement,” ” not all studies have confirmed these observa-
tions.'” Furthermore, in a longitudinal study among adoles-
cents, better academic achievement predicted higher levels of
PA but not vice versa.''

Pubertal development is a discrete physiological phase of
maturation resulting in sexually dimorphic changes in body
size and composition, social behavior, and brain develop-
ment.'? Puberty results from the activation of hypothalamus-
pituitary-gonadal axis and, therefore, secretion of gonadotro-
pin-releasing hormone."” Pubertal development is commonly
evaluated using breast development in girls and testicular
enlargement in boys, using stages described by Tanner.'*'”
On average, girls enter puberty at 8—13 years of age whereas
the first signs of testicular enlargement in boys appear at
9.5—13.5 years of age.'*'” Because breast development and
testicular enlargement provide only a rough estimate of the
stage and rate of maturation, differences between calendar age
and measured or estimated age at peak height velocity in boys
and girls and age at menarche in girls have also been used to
measure maturity status in youth.'® Furthermore, girls experi-
ence their first menses 2.0—2.5 years after entering the puber-
tal phase.'” Girls have their adolescent growth spurt at the age
of 11—13 years, approximately 2 years earlier than boys. Dur-
ing the adolescent growth spurt, stature increases on average
20—25 cm in girls and 25—30 cm in boys. Moreover, during
puberty, body fat percentage increases in girls while it
decreases in boys.'”

Brain maturation is characterized by rapid growth in size
and slow functional maturation until adulthood.'®'’ Brain
imaging studies have shown that girls achieve their peak grey
matter volume earlier than boys'” and that grey matter volume
decreases from the age of 10 years in girls and 12—14 years in
boys, whereas the white matter volume increases in both girls
and boys until early adulthood.'®'? Furthermore, maturation
results in improvements in functional connectivity between
brain areas,”’ and improved connectivity has been related to
better literacy skills'’ and academic performance in youth.”'

Early pubertal development has been linked to social and
behavioral problems and early sexual behavior in girls, while
early pubertal development in boys has been associated with
popularity and assertiveness.'” These maturation-related
changes may increase physical and mental stress and change
social networks, which can have negative effects on academic
achievement.'” However, early or average pubertal develop-
ment has been related to higher educational attainment in boys
in some studies,”” although some studies show that early-matur-
ing adolescents have poorer academic achievement and a lower
education attainment than their later-maturing peers.””>*

PA has been found to decrease, and cognitive functions, such
as working memory and inhibitory control, improve with
increasing age in children and adolescents.”” ** However,
higher levels of PA have been found to improve brain structures,
brain functions, and cognitive functions in children to a greater
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extent than can be explained by maturation alone.’ Furthermore,
the hypothalamus-pituitary-gonadal axis mediates the release of
gonadotropins, which, in addition to having effects on pubertal
development and the central nervous system, affects body size
and composition, which may in turn directly or indirectly influ-
ence PA levels.”” However, regardless of the close relationship
between PA, pubertal development, brain development, and
cognitive skills, few longitudinal studies have investigated inde-
pendent associations of PA and pubertal development with aca-
demic achievement in adolescents.”*’

The evidence on the associations of PA and pubertal devel-
opment with academic achievement in adolescents remains
limited. Furthermore, there is even less evidence on the longi-
tudinal associations of PA and pubertal development during
the transition from primary school to lower secondary school
in adolescents. Therefore, we first investigated the cross-sec-
tional associations of PA and pubertal development in the 5th
grade (baseline) and end of 7th grade (follow-up) in a large
sample of Finnish adolescents. We then studied longitudinal
associations of PA and pubertal development with changes in
academic achievement from baseline to follow-up.

2. Methods
2.1. Study design and study population

The present data are based on the STAIRWAY study,
which is a longitudinal study on the individual- and environ-
mental-related determinants of learning, school well-being,
and successful transition from primary school to lower second-
ary school during early adolescence. The participant sample in
the STAIRWAY study consisted of 848 adolescents (457 girls,
391 boys, aged 11—13 years, median age 12 years) who partic-
ipated in baseline assessments. The adolescents were recruited
from 1 large town and 1 middle-sized town in central Finland.
The towns included schools in semi-rural area. Target schools
(n=30) were selected according to their locations and size,
with the aim of achieving a sufficient sample size and enabling
extensive data collections throughout the whole research proj-
ect. For more details about the sample and its recruitment, see
Hirvonen et al.”” and Mauno et al.”' The primary aim of the
study was to follow students through the transition from pri-
mary school to lower secondary school; thus, primary schools
were selected from areas where all children transfer to particu-
lar secondary schools instead of dispersing to different loca-
tions. The selection and recruitment of the schools were done
in cooperation with local school authorities. The children
came from 56 school classes, ranging in size from 7 and 30
pupils (21.1 &+ 4.7, mean + SD). The sample was fairly repre-
sentative of the Finnish general population regarding the
demographic characteristics.”"’

The data on PA and pubertal development were collected in
classrooms on 2 normal schooldays at the beginning of the 6th
grade (the last grade of primary school; baseline) and at the
end of 7th grade (the end of the first year of lower secondary
school; follow-up). Data on grade point average (GPA) as a
measure of academic achievement were acquired from school
registries. Data were collected during the academic years



Physical activity, maturity, and learning

2014—2016. Complete data on variables used in the present
analyses were available for 635 children (283 boys, 352 girls).
There were no statistically significant differences in moderate-
to-vigorous PA (MVPA), Pubertal Development Scale (PDS)
score, or parental education between those who were included
to the present study and those who were excluded because of
incomplete data (n=212). However, adolescents who had
complete data for the present analyses were slightly younger
(»=0.017, Cohen’s d=0.25) and had a higher GPA at baseline
(»p < 0.001, Cohen’s d=-0.512) and follow-up (p=0.015,
Cohen’s d = —0.251) than those who had incomplete data. The
study protocol was approved by the Ethics Committee of the
University of Jyvaskyla, Finland. Parents provided their
informed written consent and children gave their assent to par-
ticipate in the study.

2.2. Assessment of academic achievement

Data on grades in all school subjects were acquired from
school registers at the end of the 5th grade and follow-up (7th
grade), and GPA as a measure of academic achievement was
computed. The baseline data on GPA was acquired at the end
of the 5th grade because it better reflects academic achieve-
ment at the beginning of the 6th grade than GPA at the end of
autumn semester of the 6th grade. In Finnish school, the grades
range from 5 to 10, with 5 being the lowest accepted grade and
10 being the highest.

2.3. Assessment of PA

Self-reported habitual MVPA was assessed at baseline and
at follow-up by the question previously used in the World
Health Organization’s Health Behaviour in School-aged Chil-
dren study. Participants in the present study were asked to
respond to the following question: “Physical activity is defined
as any activity that increases your heart rate and makes you
get out of breath some of the time. Over the past 7 days, on
how many days were you physically active for a total of at
least 60 minutes per day?”’” Examples included running,
walking quickly, rollerblading, biking, dancing, skate-board-
ing, swimming, snowboarding, cross-country skiing, football,
basketball, and Finnish baseball. Participants answered using
an 8-point scale ranging from 0 to 7 days, with higher counts
reflecting higher levels of PA. This measure has been reported
to have relatively good reproducibility (intraclass correlation
coefficient = 0.77—0.82)**"* and moderate agreement with
accelerometry-based estimates of MVPA (intraclass correla-
tion coefficient = 0.44).*

2.4. Assessment of pubertal development

A Finnish version® of the 5-item PDS’” was used to assess
self-reported pubertal development among adolescents at base-
line and follow-up. For both sexes, the questionnaire assessed
auxiliary body hair, growth spurt, and skin changes. For girls,
additional items measured menarche and breast development,
whereas for boys, 2 additional items assessed facial hair and
voice change. Development on each characteristic was rated
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on a 4-point scale ranging from 0 (no development) to 3 (devel-
opment is completed), with the exception of menarche, which
was scored dichotomously (0=has not occurred or 3 =has
occurred). The Cronbach’s « reliability for the PDS score was
acceptable (0.73, for more information of the reliability and
validity of PDS, please see Dick et al.”* and Petersen et al.”®).
A total of 25 boys (9%) and 7 girls (2%) reported a lower PDS
score at follow-up than at baseline. We categorized them as
“no change” in the PDS score during the follow-up.

2.5. Other assessments

Parents were asked to report their highest level of education
in a questionnaire, and the education was coded as: 1 =voca-
tional school or less, 2 = polytechnic, and 3 = higher university
degree.”’

2.6. Statistical methods

All statistical analyses were performed using the SPSS Sta-
tistical software Version 24.0 (IBM Corp., Armonk, NY,
USA). We investigated the differences in basic characteristics
at baseline between boys and girls by Student’s ¢ test and
Mann-Whitney U test for continuous variables, or the x* test
for categorical variables. Change in MVPA from baseline to
follow-up was investigated by Wilcoxon sign-rank test
because of skewed distributions. We investigated bivariate
associations between MVPA, PDS score, and GPA at baseline
and follow-up by Spearman correlation coefficients. We stud-
ied whether sex modified the associations of MVPA or PDS
score with GPA using analyses of covariance. Because we
found that sex modified the association between PDS and GPA
at baseline (p=0.011 for interaction), we also analyzed the
data separately for boys and girls.

We investigated the cross-sectional associations of MVPA
and PDS score with GPA at baseline and follow-up by linear
regression analyses adjusted for age and sex. Similarly, we
investigated the longitudinal associations of MVPA and PDS
score at baseline with GPA at follow-up by linear regression
analyses adjusted for age and sex. The associations of changes
in MVPA and PDS score with changes in GPA during
follow-up were analyzed by linear regression analyses adjusted
for age, GPA, and MVPA or PDS score at baseline. We
computed changes in MVPA and PDS score as subtracting
MVPA or PDS score at baseline from the corresponding
measure at follow-up.

We used analysis of covariance adjusted for age and sex to
investigate cross-sectional differences in GPA at baseline and
follow-up between adolescents who were inactive (reporting
60 min of MVPA on 0—2 days/week), moderately active (3—5
days/week), and highly active (6—7 days/week). The differen-
ces in GPA among adolescents with different longitudinal
MVPA profiles were analyzed using analysis of covariance
with repeated measures adjusted for age and sex. For these
analyses, we categorized changes in MVPA as continuously
inactive or inactive at baseline (0—2 days/week at baseline or
at baseline and follow-up), continuously highly active
(6—7 days/week at baseline and follow-up), and other
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(decreased or increased MVPA, or continuously moderately
active). To investigate the differences in GPA across more var-
ied MVPA profiles, we also categorized MVPA as continuously
inactive (0—2 days/week at baseline and follow-up), increased
MVPA, decreased MVPA, continuously moderately active
(3—5 days/week at baseline and follow-up), and continuously
highly active (6—7 days/week at baseline and follow-up).

All data were additionally adjusted for maternal or paternal
education, which were entered into the model separately.
Because the school location and size may modify the associa-
tions of PA and PDS score with GPA, cross-sectional and lon-
gitudinal data were adjusted for schools using dichotomized
dummy variables. The longitudinal data were also adjusted for
the school type, that is, whether adolescents transitioned from
baseline to follow-up within the same comprehensive school
consisting of Grades 1—9 together or whether adolescents tran-
sitioned from Grade 6 to Grade 7 from a separate primary
school consisting Grades 1—6 to a separate lower secondary
school consisting of Grades 7—9.

We estimated statistical power for our analyses using the
G*Power software, Version 3.1.9.2.°*2” A total of 191 obser-
vations was needed to observe the correlation of 0.2 at the
power of 0.80 when the « level was set at 0.05. Moreover, to
observe statistically significant differences at an « level of
0.05 at the power of 0.80 between 5 groups, a total sample size
of 269 was needed.

3. Results
3.1. Basic characteristics

Boys who were less mature as indicated by a lower PDS
score had higher levels of MVPA and lower GPA at baseline
and follow-up than girls (Table 1). GPA decreased in boys
(p < 0.001) but increased in girls (p =0.048), while MVPA
decreased in both boys (p < 0.001) and girls (p < 0.001)
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during the follow-up. PDS score was not statistically signifi-
cantly associated with MVPA in boys or girls at baseline or
follow-up (Table 2).

3.2. Cross-sectional associations of PA and pubertal
development with academic achievement at baseline

For all participants, MVPA was positively associated with
GPA after adjustment for age and sex (Table 3). The associa-
tion between MVPA and GPA slightly attenuated after further
adjustment for maternal education (8= 0.073, 95%CI: —0.002
to 0.145, p=0.044). Inactive adolescents had lower GPA than
other adolescents (Fig. 1A). Further adjustment for paternal
education, school, or PDS had no effect on these associations.
PDS score was not associated with GPA (Table 3).

In boys, MVPA was positively associated with GPA at
baseline after adjustment for age (Table 3). Further adjustment
for maternal education slightly weakened this association
(8=0.114, 95%CI: 0.003—0.224, p=0.044). Inactive boys
had lower GPA than highly active boys (mean difference =
—0.224, 95%CI: —0.577 to 0.001, p=0.051 for main effect,
p=0.038), but this difference attenuated after further adjust-
ment for maternal education (p = 0.065). Adjustment for pater-
nal education, school, or PDS score had no effect on this
association and differences between inactive and highly active
boys. PDS score was not associated with GPA.

In girls, MVPA was not associated with GPA (Table 3) and
there were no differences in GPA among inactive, moderately
active, and highly active girls (p =0.087 for main effect). The
association between PDS score and GPA was not statistically
significant after adjustment for age. Further adjustment for
MVPA (8=0.109, 95%CI: 0.002—0.216, p =0.046) or mater-
nal education (8=0.111, 95%CI: 0.010—0.211, p=0.031)
strengthened the positive association of PDS score with GPA.
Paternal education or school had no effect on the magnitude of
this association.

Table 1
Characteristics of participants.
All (n=635) Boys (n=283) Girls (n=352) p

Age (year) 123+£0.3 123+04 123+£0.3 0.063
PDS at baseline® 0.8(0.4-1.2) 0.6 (0.2—0.8) 1.0 (0.6—1.4) <0.001
PDS at follow-up 1.4 (1.0-2.0) 1.0 (0.6—1.4) 1.8 (1.4-2.2) <0.001
Maternal education (%) 0.655

Vocational school or less 31.9 31.3 32.4

Polytechnic 39.8 41.9 38.2

University 28.3 26.8 29.4
Paternal education (%) 0.531

Vocational school or less 50.5 52.7 48.7

Polytechnic 28.9 26.6 30.8

University 20.6 20.7 20.5
Days of MVPA at baseline 6.0 (4.0-7.0) 6.0 (4.0—-7.0) 5.0 (4.0-7.0) 0.002
Days of MVPA at follow-up 5.0 (3.0-7.0) 5.0 (3.0-6.0) 5.0 (3.0-6.0) 0.004
Grade point average at baseline 83+£0.6 8.1£0.6 84 +0.6 <0.001
Grade point average at follow-up 82409 7.8+0.9 8.5+0.7 <0.001

Note: Data are from the Student ¢ test or Mann-Whitney U test for continuous variables and x* test for categorical variables and are displayed as means £ SD,

medians (interquartile range), or percentages (%).
?  Refers to IQR and interquartile range.

Abbreviations: MVPA = moderate-to-vigorous physical activity; PDS = Pubertal Development Score.
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Table 2
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Spearman correlations between PDS score, GPA, and MVPA at baseline and follow-up in boys and girls.

PDS at baseline PDS at follow-up GPA at baseline GPA at follow-up Days of MVPA at baseline Days of MVPA at follow-up

PDS at baseline 1 0.669%** 0.086
PDS at follow-up 0.524 %% 1 0.185%%**
GPA at baseline —0.102 —0.032 1

GPA at follow-up —0.064 —0.010 0.840%**
Days of MVPA at baseline 0.009 0.043 0.128*
Days of MVPA at follow-up ~ 0.005 —0.009 0.076

0.075 —0.071 —0.023
0.118* —0.070 —0.030
0.8]15%** 0.056 0.002

1 0.081 0.066
0.023 1 0.503%**
0.041 0.510%** 1

Note: Lower part of the table (below 1:s) are boys, upper part of the table (above 1:s) are girls.

*p < 0.05; ***p < 0.001.

Abbreviations: GPA = grade point average; MVP =moderate-to-vigorous physical activity; PDS = Pubertal Development Scale.

3.3. Cross-sectional associations of PA and pubertal
development with academic achievement at follow-up

For all participants or for boys and girls separately, MVPA
was not associated with GPA and there were no differences in
GPA among inactive, moderately active, and highly active
adolescents (Fig. 1B). In girls, the association of PDS score
with GPA was not statistically significant after adjustment for
age, but further adjustment for MVPA strengthened this asso-
ciation ($=0.106, 95%CI: 0.000—0.213, p=0.050). Addi-
tional adjustment for maternal education (8=0.093, 95%CI:
—0.014 to 0.186, p=0.093) and PDS score at baseline
(8=0.093, 95%CI: —0.049 to 0.235, p =0.199) attenuated the
association between PDS score and GPA in girls at follow-up.

3.4. Longitudinal associations of PA and pubertal
development with changes in academic achievement

For all participants, neither MVPA or PDS score at baseline
nor changes in MVPA or PDS score during follow-up were not
associated with GPA at follow-up or changes in GPA during fol-
low-up (Table 4). However, adolescents who were inactive at
baseline or who were inactive both at baseline and follow-up
had lower GPA during follow-up than their continuously highly
active peers (mean difference=—0.301, 95%CIL: —0.543 to
—0.058, p=0.009) and all other adolescents (mean difference
=—-0.247, 95%CIL: —0.475 to —0.019, p=0.029, Fig. 1C). Fur-
thermore, adolescents whose MVPA levels increased from base-
line to follow-up had a lower GPA over the follow-up than
continuously highly active adolescents (mean difference =

—0.374, 95%CI: —0.723 to —0.024, p=0.027, Fig. 1D). Further
adjustments had no effect on these differences.

In boys, MVPA or PDS score at baseline was not associated
with GPA at follow-up. Change in MVPA or PDS score during
follow-up was not associated with change in GPA after adjust-
ment for age, GPA, and MVPA or PDS score at baseline
(Table 4). However, MVPA at baseline was negatively associ-
ated (p =0.049) and GPA at baseline was positively associated
with change in GPA during follow-up (p < 0.001). Further
adjustments had no effect on these associations.

In girls, MVPA or PDS score at baseline was not associated
with GPA at follow-up. Changes in MVPA or PDS score, or
MVPA, PDS score, or GPA at baseline, were not associated
with changes in GPA (Table 4). Girls who were inactive at
baseline or at baseline and follow-up had lower GPA during
follow-up than continuously highly active girls (mean differ-
ence =—0.334, 95%CI: —0.635 to —0.033, p=0.024) and
other girls (mean difference=—0.288, 95%CI: —0.562 to
—0.015, p=0.035; p=0.013 for main effect).

Girls whose MVPA increased during follow-up had contin-
uously lower GPA than always moderately active (mean dif-
ference = —0.464, 95%CI: —0.888 to —0.040, p=0.022) or
highly active girls (mean difference = —0.466, 95%CI: —0.883
to —0.048, p=0.018; p=0.029 for main effect). Further
adjustments had no effect on these differences.

GPA at baseline was positively related to GPA at follow-up
after adjustment for age, PDS score, MVPA, and maternal edu-
cation at 6th grade in boys (8=0.801, 95%CI: 0.737—0.881,
p < 0.001) and girls (8=0.793, 95%CI: 0.728—0.871, p <
0.001).

Table 3
Cross-sectional associations of physical activity and pubertal development with GPA at baseline and follow-up.
All Boys Girls

B 95%CI P B 95%CI P B 95%CI P
Baseline
MVPA 0.101 0.026 to 0.179 0.009 0.144 0.028 to 0.260 0.028 —0.015 —0.120 to 0.090 0.780
PDS 0.015 —0.065 to 0.095 0.713 —0.095 —0.214 t0 0.024 0.116 0.104 —0.004 to 0.211 0.058
Follow-up
MVPA 0.058 —0.020 t0 0.136 0.144 0.059 —0.058 t0 0.177 0.321 0.057 —0.048 t0 0.163 0.285
PDS 0.044 —0.036 t0 0.124 0.279 —0.033 —0.155t0 0.088 0.592 0.104 —0.002 t0 0.211 0.055

Note: Data are standardized regression coefficients, and their 95% CIs are adjusted for age and sex.
Abbreviations: CI = confidence interval; GPA = grade point average; MVPA = moderate-to-vigorous physical activity; PDS = Pubertal Development Scale.
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Fig. 1. Differences in grade point average among all adolescents with differ-
ent levels of moderate-to-vigorous physical activity (MVPA) in cross-sec-
tional at baseline (A) and follow-up (B) and in longitudinal analyses from
baseline to follow-up (C and D). Data were presented as estimated marginal
means and their 95% confidence intervals.

For A and B: ® 60 min of MVPA for 0—2 days/week (inactive); ® 3—5
days/week (moderately active); 4 6—7 days/week (highly active).

For C: e continuously inactive or inactive at baseline (0—2 days/week at
baseline or at baseline and follow-up); ® other (decreased, increased, or contin-
uously moderate levels of MVPA); 4 continuously active (6—7 days/week at
baseline and follow-up).

For D: e continuously inactive (0—2 days/week at baseline and follow-up);
® increased MVPA; 4 decreased MVPA; v continuously moderately active
(3—5 days/week at baseline and follow-up); ¢ continuously highly active
(6—7 days/week at baseline and follow-up).

Note: 95% confidence interval bars have been removed from D for clarity.
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4. Discussion

We found that MVPA was positively associated with GPA in
cross-sectional analyses at baseline and that this association was
mainly driven by a strong positive association between MVPA
and GPA in boys. However, we found no association between
MVPA and GPA at follow-up either in boys or in girls. We also
observed that adolescents who were continuously inactive dur-
ing follow-up or inactive at baseline had a continuously lower
GPA over the follow-up period than continuously highly active
adolescents and that these differences were stronger in girls
than in boys. Furthermore, we found that increased MVPA dur-
ing follow-up was associated with a continuously lower GPA
over follow-up. These associations of MVPA with GPA were
independent of pubertal development. Finally, higher PDS
score, indicating more advanced pubertal status, was related to
higher GPA at baseline and follow-up in girls.

Our cross-sectional findings at baseline are in line with previ-
ous studies showing a positive association between self-reported
PA and academic achievement in children and adolescents.” In
contrast with the results of some previous studies, ™’ we found
no relationship between MVPA at baseline and academic
achievement at follow-up. Furthermore, increased MVPA dur-
ing follow-up has been associated with better academic achieve-
ment at follow-up in adolescents, '’ but we found no evidence on
the association between change in MVPA and change in GPA as
a continuous variable during follow-up. The reason for the con-
trasting findings may be that previous studies did not control for
academic achievement at baseline. In the present study, aca-
demic achievement at baseline was controlled for and it was
found to be the strongest predictor of academic achievement at
follow-up. Similarly, Aaltonen et al.'' found in their longitudi-
nal study that previous academic achievement was the strongest
predictor of subsequent academic achievement and educational
attainment. In line with our findings, they observed a positive
cross-sectional association between PA and academic

Table 4
Associations of changes in physical activity and pubertal development with change in GPA.
All Boys Girls

B 95%ClI p 95%ClI p B 95%ClI P
Physical activity
Age 0.039 —0.036t0 0.115 0.303 0.101 —0.012t00.214 0.080 0.012 —0.094t00.117 0.830
Sex —0.223 —0.300 to —0.144 <0.001 - - — - - -
MVPA at baseline 0.015 —0.070 to 0.100 0.732 —0.128 —0.256 to —0.001 0.048 0.089 —0.031 to 0.209 0.147
GPA at baseline 0.148 0.070 to 0.226 <0.001 0.262 0.148 t0 0.377 <0.001 0.044 —0.062 to 0.149 0.417
Change in MVPA 0.028 —0.057t0 0.112 0.517 0.049 —0.077 t0 0.175 0.448 0.087 —0.017t0 0.110 0.154
Pubertal development
Age 0.052 —0.026 t0 0.129 0.273 0.094 —0.025t00.212 0.120 0.013 —0.095 t0 0.121 0.814
Sex —0.256 —0.348 to —0.164 <0.001 - - — — — —
PDS at baseline —0.048 —0.135t0 0.039 0.279 0.030 —0.094 to 0.154 0.637 —0.036 —0.167 to 0.096 0.593
GPA at baseline 0.152 0.075 t0 0.230 <0.001 0.245 0.130 to 0.360 <0.001 0.057 —0.050 to 0.163 0.298
Change in PDS —0.049 —0.132t0 0.033 0.244 —-0.017 —0.139t0 0.106 0.789 —0.055 —0.183 t0 0.073 0.398

Notes: Data are standardized regression coefficients, and their 95%CIs adjusted for age and sex. Age, sex, MVPA, or PDS at baseline, GPA at baseline, and change

in MVPA, or PDS were first entered into the same model.

Abbreviations: CI = confidence interval; GPA = grade point average; MVPA = moderate-to-vigorous physical activity; PDS = Pubertal Development Score.
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achievement. They also found that academic achievement pre-
dicted future PA but not vice versa.

We observed that adolescents, particularly girls, who were
inactive at baseline or both at baseline and follow-up had a
continuously lower GPA over follow-up than those who were
continuously highly active. These results are supported by a
few previous longitudinal studies showing that children and
adolescents with continuously low cardiorespiratory fitness
have poorer academic achievement than their more fit
peers.*'*> Furthermore, adolescents, especially girls, who
were inactive at baseline but increased their MVPA over fol-
low-up had a continuously lower GPA than those who were
continuously active. These results suggest that low levels of
MVPA are related to poorer academic achievement, particu-
larly if low MVPA is sustained over a longer period of time
before transition from primary to lower secondary school. It is
also possible that adolescents who increased their MVPA dur-
ing the follow-up increased it in addition to school-related
commitments that may have led to time constraints or insuffi-
cient sleep, which could have negatively affected their aca-
demic achievement.”

Our results, along with previous results from prospective
studies, suggest that the longitudinal associations between PA
and academic achievement may be explained by neuroselec-
tion, that is, adolescents with better academic achievement
may choose a physically more active lifestyle, rather than neu-
roprotection, that is, the direct positive association of PA with
academic achievement.''** The neuroprotective mechanisms
that may explain why adolescents with higher levels of MVPA
had continuously better GPA may be that PA has been found
to increase brain-derived neurotropic factors, insulin-like
growth factor 1, and vascular endothelial growth factors. These
factors improve neuroelectric processing and executive func-
tions that may support normal brain development, thereby con-
tributing to academic achievement during growth and
maturation.”> Furthermore, low levels of MVPA may also
reflect poor peer relations, social constructs, and health behav-
iors,"**’ which may also have adverse effects on academic
achievement.

We found that girls with earlier pubertal development had a
higher GPA at baseline and follow-up compared with their
later-maturing peers and that these associations were partly
modified by PA. The reason for this observation may be that
gonadal hormones such as estrogen have been linked to neuro-
genesis, dendritic growth, synapse formation and elimination,
apoptosis, neuropeptide expression, and sensitivity of neuro-
transmitter receptors, which together may enhance academic
achievement.'” However, in contrast with our findings, previ-
ous studies suggest that early-maturing girls have more psy-
chosocial problems that may harm academic achievement.”***
These partly contrasting findings on the associations between
pubertal development and academic achievement may be
related not only to cultural differences, but also to the assess-
ment of maturity among the studies. Whereas we assessed
maturity indirectly using several questions related to the devel-
opment of secondary sex characteristics, previous studies have
used self-reported age at menarche.”””* However, when we
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compared girls whose menarche had started at baseline with
other girls, no differences in academic achievement were
found (data not shown). More studies are warranted to further
investigate how and why PA may modify the associations of
pubertal development with academic achievement in girls.

We found a stronger cross-sectional association of PA with
academic achievement at baseline in boys than in girls but
stronger longitudinal associations of PA with academic
achievement in girls compared with boys. Furthermore, we
observed that pubertal development was positively associated
with academic achievement only in girls. The results of some
previous studies suggest a positive association of PA and fit-
ness with academic achievement and cognition in prepubertal
boys but not in girls,”*”** whereas higher levels of vigorous
PA have been linked to better academic achievement in ado-
lescent girls but not in boys.*’ The reason for these sexually
dimorphic and partly contrasting associations is not
completely understood. It is possible that PA is more important
for academic achievement in prepubertal boys than in prepu-
bertal girls, while the importance of PA increases during
puberty in girls. However, further longitudinal studies are war-
ranted to confirm these findings. One reason for the positive
association between pubertal development and academic
achievement only in girls may also be related to differences in
the rate and stage of maturation between boys and girls. In
girls, grey matter density increases steeply from the ages of 10
to 15 years,”” and brain maturation in conjunction with sexual
maturation may therefore have a stronger link with perfor-
mance in school in girls than in boys.

The strengths of the present study include the large sample
of adolescents who were followed during transition from pri-
mary school to lower secondary school. We also investigated
the independent associations MVPA and pubertal development
with academic achievement. However, it would have been
optimal to use both device-based and self-reported PA assess-
ment to further investigate the associations of PA with aca-
demic achievement. Using only self-reported measure of PA
may have caused over-reporting or under-reporting of PA
because of an inability to recall incidental MVPA or reporting
socially desirable levels of MVPA.”' Furthermore, overweight
and obesity has been related to poorer academic achievement
in youth,™ and it is possible that overweight and obese adoles-
cents overestimated their MVPA, attenuating the true magni-
tude of the association between MVPA and academic
achievement. We did not control for season during assessment
of MVPA, and this factor may have had an effect on PA in
adolescents. However, we believe that this had no effect on
our results because the assessment was conducted within a rel-
atively short time frame. Furthermore, although we used a val-
idated measure of pubertal development, our results are not
comparable with studies using pubertal stages described by
Tanner™ or that estimated or measured age at peak height
velocity.'® We did not measure PA before the 6th grade; there-
fore, it is not possible to say whether measuring PA earlier in
life would have affected our results. PA has been positively
related to academic achievement in prepubertal children,” and
some evidence suggests that higher cumulative PA exposure
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from childhood to adulthood is positively related to cognition
in adulthood.” Therefore, it is possible that changes in habit-
ual PA during a relatively short period of time have only small
effects on academic achievement in adolescents. We also used
the GPA as a measure of academic achievement instead of
more direct measures of academic skills.” The GPA reflects
academic skills, but it also reflects behaviors and attitudes
towards learning. The follow-up period was also relatively
short, although it did cover an important transition phase.
Finally, we were not able to study whether other health-related
correlates of academic achievement, such as overweight and
obesity, motor competence, or cardiorespiratory fitness, mod-
ify these associations.

5. Conclusion

We found that lower levels of MVPA at baseline were cross-
sectionally associated with a lower GPA, particularly in boys.
Furthermore, girls who were inactive at baseline or at baseline
and follow-up had a lower GPA over the follow-up period than
those who were continuously active. Furthermore, earlier puber-
tal development was associated with better academic achieve-
ment only in girls. Our results suggest that there are sexually
dimorphic cross-sectional and longitudinal associations of
MVPA and pubertal development with academic achievement.
Further longitudinal studies are warranted to confirm our find-
ings and to provide better physiological and psychosocial
explanations for the independent and combined associations of
PA and pubertal development with academic achievement.
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