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Abstract

Aims: The aims of this study were to study the correlation between lifestyle-related factors, such as organized leisure-
time sport participation (OLSP), cardiorespiratory fitness, and adiposity, and academic achievement among preadolescents.
Methods: A cross-sectional study involving 248 nine-year-old school children was carried out. OLSP was self-reported with
parental assistance, categorized as < 1X a week, 2-3X a week, and > 4X times a week or more. Academic achievement was
estimated with results from standardized test scores in Icelandic and math. Cardiorespiratory fitness was estimated using a
maximal cycle ergometer test. The sum of four skinfolds was used to estimate adiposity. Results: Tests of between-subjects
effect indicated that OLSP significantly correlated with achievement in math only (F(2,235) = 3.81, p = 0.024). Further
analysis showed that the two less active groups had significantly lower scores in math compared to the most active group
with OLSP > 4x times a week or more (2-3X times a week, unstandardized coefficient (b) =—-4.08, 95% confidence interval
(CD) [-7.09, -1.07]; < 1x a week, b = —3.84, 95% CI [-7.59, —0.08]), independent of sex, age, maturity level (age to/from
peak height velocity), family structure, and parental education. Neither cardiorespiratory fitness nor adiposity significantly
correlated with academic achievements. Conclusions: The study’s result indicates that frequent (four times per
week or more often) sport participation is not harmful but may be beneficial to learning. However, further
intervention-based study of this topic is needed to determine if this relationship is causal.
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Introduction

It is well established that physical activity is associ-
ated with multiple health benefits in children and
adolescents, but evidence suggests that physical
activity is also associated with academic achievement
[1,2], an important influential factor for the future
educational attainment and health of individuals
[3,4]. One aspect of physical activity is sport partici-
pation [5], which is offered to children and adoles-
cents in school environments or as an organized

leisure-time sport participation (OLSP) by sport
clubs in most western countries. A positive correla-
tion between sport participation and academic
achievement has been established in studies primar-
ily involving adolescents participating in school
sports [6,7]. However, school sports have been
argued to enhance school identification which may
promote academic achievement [8], and require-
ments that athletes maintain minimum grades to be
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eligible to participate may cause grade inflation [9].
Fewer studies have investigated the association
between sport club OLSP and academic achieve-
ment, but adolescent OLSP has been shown to cor-
relate with future educational attainment and
cognitive performance [10,11]. In the only other
known study involving OLSP in pre-adolescents,
Haapala et al. [12] reported a positive association
between engagement in OLSP of any kind and
achievement in math among six-year-old children.

Cardiorespiratory fitness and adiposity are consid-
ered important health markers in children and adoles-
cents [13,14]. The association of cardiorespiratory
fitness [15,16] and adiposity [17,18] with academic
achievement is contradictory and inconclusive. This
discrepancy might be explained by the different meth-
ods used to measure and express fitness, and the lack of
adjustments for confounding factors in some studies.

Given the importance of academic achievement,
and resulting educational attainment, for future
health and well-being, it is imperative to understand
its determinants. The positive influence OLSP may
have on academic achievement constitutes an argu-
ment for increasing the availability of sports for chil-
dren to participate in without jeopardizing school
learning. The aims of this study were, therefore, to: a)
further the findings of Haapala et al. [12] by explor-
ing if there is a dose-response present in the relation-
ship between OLSP and academic achievement
among preadolescents; and b) explore the correlation
of adiposity and cardiorespiratory fitness with aca-
demic achievement among preadolescents.

We hypothesized that: a) based on the physical
activity component of OLSP [19,20], it would posi-
tively correlate with academic achievement; b) adi-
posity would not correlate with academic achievement
since our study included an estimate of socio-eco-
nomic status (parental education) which has shown
to eliminate the correlation when adjusted for [21];
and c) cardiorespiratory fitness would not correlate
with academic achievement.

Methods
Parucipants

The study population stems from two different
epidemiological studies conducted in Iceland
involving nine-year-old children. The first study,
“Lifestyle of 9- and 15-year-old Icelandic children”
[22], included nationally representative data col-
lected from September 2003 to January 2004 on
children born in 1994 (z = 662 invited to partici-
pate, n = 488 accepted), and is a part of the
European Youth Heart Study (EYHS) [23]. Half of
the cohort was randomly selected and offered to

participate in the cardiorespiratory fitness test.
Participants in the study were approached in 2014,
at age 20 years, by mail and phone and asked for
their consent to add their academic achievement to
the database. Of the 307 of those who consented to
participate, 152 had a valid cardiorespiratory fit-
ness test (heart rate > 185 bpm). The second study,
“Lifestyle of 7- and 9-year-olds: Intervention toward
better health” [24], was an intervention study con-
ducted in 2006-2008. It involved children born in
1999 (n = 324 invited to participate, n = 256
accepted) from the nation’s capital, Reykjavik. In
the last phase of data collection (used in this
study), conducted from late August to early
December 2008, 172 had a valid cardiorespiratory
fitness test. The total number of participants in the
aforementioned studies with a valid cardiorespira-
tory fitness test was 324, and 258 possessed all the
information required for statistical analysis in the
current study; that is, questionnaire information
and a valid cardiorespiratory fitness test. The
National Bioethics Committee in Iceland approved
the study (VSNa2003060014/03-12/BH/-).

Questionnaire

With the assistance of their legal guardians, partici-
pants filled out a questionnaire assessing various
health behaviours, which was based on the EYHS
questionnaire. The legal guardians also completed a
separate questionnaire on themselves, including edu-
cational level and income. The question concerning
respondents’ OLSP was as follows: “How often do you
participate (practice or compete) in sports with a club?”
The response options were: “Never” (n = 37); “Less
than once a week” (n = 6); “Once a week” (n = 12);
“2-3 times a week” (n = 129); “4-5 times a week” (n
= 60); and “Almost every day” (n = 14). Due to the
low response rate in some options and to equalize
group sizes, responses where coded into three cate-
gories with “Once a week or less” as “inactive”, 2—3
times a week as “active”, and 4 times a week or more
often as “very active”.

Academic achievements

Grades from standardized tests in Icelandic and math
in fourth grade, retrieved from The National
Examination Institute, were used to assess academic
achievement. These tests were developed by The
National Examination Institute and are administered
once a year in September to all students attending 4th,
7th, and 10th grade in the country, to assess standing
in Icelandic and math. The test in Icelandic estimates
performance in reading, writing, and grammar and
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comprises multiple choice questions, reading compre-
hension, writing short stories, and correct use of
words. The test in mathematics comprises multiple
choice questions, word problems, sentence comple-
tion, operations, geometry, and numerical under-
standing [25,26]. The nationwide results were
normalized with a mean of 30, and a standard devia-
tion of 10. Total scores ranged from 0 to 60 [25,26].

Cardiorespiratory fitness and anthropometry

Height (cm) and weight (kg) were measured to the
nearest 0.1 using standard procedures allowing for
the calculation of body mass index (BMI; kg/m?).
Cardiorespiratory fitness was measured with a
progressive and maximal cycle ergometer test using
the study protocol from the EYHS [23]. The
workload was pre-programmed on a computerized
Monark 829E cycle ergometer (Monark Exercise
AB, Vansbro, Sweden) to increase every third
minute until the subject reached exhaustion.
Cardiorespiratory fitness was expressed with the
commonly used ratio scaling (W/kg) to adjust for
different body sizes. Mathematically, ratio scaling
assumes a linear relationship between absolute val-
ues and body weight, with a y-intercept equal to
zero. This assumption is, in fact, rarely satisfied in
biological research [27]. Therefore, body size was
also adjusted for using linear regression scaling
[28], but since results were not affected by the car-
diorespiratory fitness expression the more com-
monly used ratio scaling is displayed in the results.
Adiposity was estimated as the sum of four skinfold
sites: triceps, biceps, subscapular, and suprailiac.

Covariates

Maturity level was estimated using newly developed
sex-specific equations, which estimate years from/to
peak height velocity (i.e. maturity offset = —7.99994 +
(0.0036124 X age X height) for boys and —7.709133 +
(0.0042232 X age X height) for girls [29]. Maturity
level has been considered to be a proxy for neuromus-
cular function, a size-independent factor associated
with growth and maturation [30]. A large proportion of
the Icelandic population is of Norse and Celtic origin
and about 86% belonged to the Lutheran Church at
baseline [31]. Because of this homogeneity, demo-
graphic factors such as race, ethnicity, and religion were
considered irrelevant and not included in the analysis.
Other factors, known to be confounders when studying
the relationship between health behaviours and aca-
demic achievement [31], were used as covariates in this
study. These included: a) level of parental education,
used as a proxy for socio-economic status and consisted

of a dichotomous variable (0 and 1) with 1 representing
one or both parents with a university degree; b) family
structure, assessed by the question “kow s your current
lving arrangement?” with the response options, “living
with both parents”, “living with a single parent”, “living
with a parent and his/hers spouse”, and “other arrange-
ment”; ¢) sex; and d) age in months [32].

Data analysis

The data were analysed using SPSS 22.0 (IBM
Corp., Armonk, NY, USA). All variables were
inspected for normality, the sum of four skinfolds
was reciprocally transformed, and cardiorespiratory
fitness log-transformed to correct for skewness [33].
Therefore, all positive skinfold slopes (betas) are in
reality negative, and vice versa for negative slopes.
One-way analysis of variance (ANOVA; continuous
variables) and Chi-square (categorical variables)
were used to explore the differences on key variables
between the study sample and the rest of the cohort
(excluded). One-way ANOVA and analysis of covar-
iance (ANCOVA) were used to analyse differences
in academic achievement between OLSP groups.
The Tukey post hoc test was administered to explore
differences between OLSP groups on academic
achievement in crude analysis. Levene’s test was
used to estimate homogeneity of variance. No inter-
actions were found between the OLSP groups and
the other independent variables. Effect size was esti-
mated using Cohen’s d [34]. Statistical significance
was accepted at « level of 0.05.

Results

The study sample and those who did not meet the
inclusion criteria significantly differed on only two
variables. The study sample had a lower sum of
skinfolds and higher cardiorespiratory fitness level
than those excluded (see Table I). The two study
cohorts did not differ significantly in academic
achievement with 1994 cohort’s average score in
Icelandic being 31.69 (* 9.95) vs. 32.69 (+ 10.28)
for the 1999 cohort (p = 0.427). In math, the 1994
cohort’s average was 30.34 (* 10.37) vs. 31.7 (%
10.11) for the 1999 cohort (p = 0.275). The nation-
wide average score in the two academic subjects was
30.0 (£ 10) [25,26].

In crude analysis, the Tukey post hoc test revealed
that the very active group, which participated in OLSP
four times or more often a week, had significantly higher
grades in math than the active group and the inactive
group, p = 0.014, 95% confidence interval (CI) [0.70,
7.85]; effect size 0.45, and p = 0.042, 95% CI [0.14,
9.97]; effect size 0.42 respectively (see Figure 1).
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Table I. Participants’ descriptive data and the representativeness of the study sample.

All (n = 640) Study sample (n = 258) Excluded (n = 382)

N mean * SD N mean £ SD N mean * SD
Age (years) 639 9.35 £ 0.29 258 9.36 £ 0.29 381 9.35 £ 0.29
Height (cm) 562 138.0 £ 6.05 258 138.3 £5.59 304 137.6 £ 6.41
Weight (kg) 562 33.46 * 6.89 258 33.45 * 6.44 304 33.48 £7.26
MO (years) 561 -2.75 % 0.60 258 -2.74 £ 0.62 303 -2.76 £ 0.59
rSkinfolds (mm) 560 0.032 £0.013 257 0.033 £0.013 303 0.031 £0.013*
BMI 561 17.47 £ 2.66 258 17.38 £ 2.49 303 17.54 £ 2.79
Icelandic 594 31.46 £ 9.85 251 32.31 £10.28 343 30.83 £9.48
Math 603 30.25 £ 9.98 250 31.18 £ 10.40 353 29.58 £ 6.64
Sex 640 342 (53.4%) Q 258 139 (53.8%) 2 382 203 (53.1%)
Overweight? 561 111 (19.8%) 258 49 (19%) 303 62 (20.5%)
Obeseb 561 26 (4.6%) 258 10 (3.9%) 303 16 (5.3%)
Parents’ education 475 250 (47.4%) 258 131 (51.3%) 217 119 (54.4%)
Family structure 475 349 (73.5%) 258 197 (73.5%) 217 152 (70.0%)
Sport participation 428 114 (27.0%) 258 75 (29.1%) 170 39 (22.9%)
CRF, 324 1.05+0.23 258 1.07 £ 0.23 66 0.96 £ 0.21%

SD: standard deviation; MO: maturity offset; rSkinfolds: sum of four skinfolds reciprocally transformed; BMI: body mass index; Parents’
education: one or both parents with a university degree; Family structure: living with both parents; CRF,,,: cardiorespiratory fitness log-

transformed.
b Cole (2000) [51].
*p>0.05.

The ANCOVA analysis, with math as the
dependent variable (z = 247), showed that the very
active group had significantly higher grades than
the other two less active groups (see Table II).
Neither adiposity nor cardiorespiratory fitness cor-
related significantly with academic achievement.
When grades in Icelandic were entered as the
dependent variable instead of math (z = 248), no
significant association between OLSP and aca-
demic achievement were observed. Neither adipos-
ity nor cardiorespiratory fitness correlated with
achievement in Icelandic (see Table III).

Discussion

The main finding of this study is that the very active
group had significantly higher grades in math than
the two less active groups, independent of age, sex,
adiposity, family structure, parental education, car-
diorespiratory fitness, and maturity level. Therefore,
the current study furthers the findings of Haapala
et al. [12] by establishing a threshold in the associa-
tion between OLSP and achievements in math
among preadolescents. Our hypothesis that OLSP
would be associated with academic achievement is
partly explained as OLSP was only associated with
achievement in math but not in Icelandic. The find-
ing of no correlation of adiposity and cardiorespira-
tory fitness with academic achievement is congruent
with our hypothesis. Haapala et al. [12] reported
that participation in any kind of OLSP in first grade
was associated with better math skills in grades

1-3, but not with reading fluency or reading com-
prehension, compared with those who did not
engage in such activities.

This study did not reveal a significant dose—
response relationship in the association between
OLSP and academic achievement. Dose-response
relationships have been reported among adoles-
cents [7,35]. Fox et al. [7] reported a dose-response
relationship between the number of sports teams
that participated and academic achievement (grade
point average) among high-school students but not
among middle-school students. This indicates that
the strength of the dose-response might be smaller
in younger participants. However, our study reveals
a frequency threshold where participation may start
to affect math scores, indicating that certain OLSP
frequency [36] or intensity [37] must be met in
order for OLSP to affect academic achievement.
Another possible explanation is that only the most
dedicated participants in OLSP possess or acquire
the skills, for example, self-discipline, necessary for
affecting academic achievement.

In line with the findings of Haapala et al. [12],
OLSP was significantly associated with achievement
in math but not in language. Based on these results,
the most probable explanation for the established
association between achievement in math and OLSP
is the physical activity component of OLSP [19,20].
Fox et al. [7] reported that the association of sport
participation and physical activity with academic
achievement could not be separated from one another
in middle-school students, which supports these
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Figure 1. Mean comparison of sport participation frequency groups using one-way ANOVA with standard error bars. In math [F(2,244 =
4.62,p = 0.011], > 4% week vs. 2-3 week, p = 0.014 > 4X week vs. < 1X week, p = 0.042.

Table II. Results from ANCOVA analysis with achievement in math as the dependent variable.

b Std. err. Sig. 95% CI PES

Intercept 47.79 35.69 0.182 [-22.53, 118.10] 0.007
Parents’ education 4.30 1.53 0.001 [1.69, 6.95] 0.043
Sport participation 0.024 0.031
< 1% per week (n = 51) -3.84 1.91 0.045 [-7.59, -0.08] 0.017
2-3x per week (n = 125) -4.08 1.53 0.008 [-7.09, -1.07] 0.029
> 4x week (n = 71) 0 0 0 0

Maturity offset 2.16 3.39 0.525 [-4.51, 8.83] 0.002
rAdiposity —48.02 61.25 0.434 [-168.71, 75,65] 0.003
CRF (log) 0.79 3.21 0.81 [-5.53, 7.12] 0.000

Adjusted for family structure, sex, age.

b: unstandardized coefficient; PES: partial eta squared; rAdiposity: reciprocally transformed sum of four skinfold; CRF: cardiorespiratory
fitness; log: logistically transformed; Parents’ education: 0 = neither parent with a university degree, 1 = one or both parents with a univer-
sity degree; Maturity offset: years from peak height velocity.

Adj. R2 = 0.06.

Table III. Results from ANCOVA analyses with achievement in Icelandic as the dependent variable.

b Std. err. Sig. 95% CI PES

Intercept 12.89 33.89 0.704 [-53.89, 79.65] 0.002
Parents’ education 5.50 1.27 <0.001 [2.99, 8.01]

Sport participation 0.750 0.002
< 1x per week (1 = 52) -1.33 1.81 0.462 [-4.89, 2,23] 0.001
—2-3X per week (n = 124) -0.80 1.46 0.582 [-3.68, 2.07] 0.001
—> 4x week (n = 72) 0 0 0 0

Maturity offset 2.33 3.19 0.466 [-3.95, 8.6] 0.004
rAdiposity -99.32 58.01 0.086 [-214.21, 14.36] 0.010
CREF (log) 0.19 3.08 0.95 [-5.87, 6.25] 0.000

Adjusted for family structure, sex, age.
b: unstandardized coefficient; PES: partial eta squared; rAdiposity: reciprocally transformed sum of four skinfold; CRF: cardiorespiratory

fitness; log: logistically transformed; Parents’ education: 0 = neither parent with a university degree, 1 = one or both parents with a univer-
sity degree; Maturity offset: years from peak height velocity.

Adj. R2=0.12.

speculations. The positive effect physical activity has abilities; for example, enhanced arousal, increased
on academic achievement may be explained by the concentration, and lower rate of inappropriate

effects it has on student’s behaviour and cognitive talking [38]. Neurological and hormonal theories
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state that changes in brain structure, function, and
neurotransmitter concentration occur in individuals
who are more physically active, which again can
enhance learning capabilities [39]. The stronger
association of physical activity with math than lan-
guage shown in this study is supported by results
from previous studies [40,41].

Cardiorespiratory fitness was not associated with aca-
demic achievement in this study. In the literature, the
correlations between cardiorespiratory fitness and aca-
demic achievement are inconclusive. This discrepancy
might be explained with different ways to measure cardi-
orespiratory fitness. Studies using weight-bearing cardi-
orespiratory fitness tests (running or walking) [15,42]
have shown positive associations, but studies using non-
weight-bearing tests (cycle ergometer), which are rela-
tively free from motor competence [16], have not. Motor
control has been shown to associate with adolescent
year’s academic achievement [43], and Haapala et al.
reported that poor motor performance was associated
with worse academic skills among 6—8-year-olds [16].

Adiposity and academic achievement were not
associated in our data. Findings in the literature con-
cerning adiposity and academic achievement are
inconclusive. An inverse correlation has been reported
[44], while others have reported no correlation [17].
We can only speculate about the reasons for this dis-
crepancy, but factors such as differences in adiposity
estimation methods, age of participants, or statistical
covariates may serve as plausible explanations. The
negative association between obesity and academic
achievement have been reported to disappear or be
minimized when socio-economic status is adjusted
for [21]. However, in our data, adiposity was still not
correlated with academic achievement after parental
education (a proxy for socio-academic status) was
removed from the model (data not shown).

The real-life significance of this study’s result can
only be speculated; that is, whether the grade differ-
ence between activity groups is enough to affect future
academic attainment and health. The reported effect
sizes of 0.42 and 0.45 for the two groups with lower
OLSP are close to the medium strength cut point of
0.5 [34]. Furthermore, effect sizes of 0.41-0.51 were
reported to equal four months of learning gains com-
pared to the control group in a randomized controlled
trial exploring the association between physical activity
and academic achievement [45].

This study possesses several strengths. Firstly,
it included a high-quality estimate of academic
achievement, using results from standardized tests
which include all of the nation’s fourth graders
which are reviewed by an independent party at the
National Examination Institute. Secondly, it
employed a clearly defined aspect of physical activity

or weekly frequency of OLSP. Finally, it included a
high-quality laboratory-based cardiorespiratory fit-
ness test. Limitations include that OLSP frequency
was estimated via a questionnaire, and the validity of
physical activity questionnaires has been questioned
by some [46]. However, others have stated that
questionnaires are the only currently feasible method
to assess different types of physical activity and sed-
entary behaviour in population-based samples [47].
Information regarding the OLSP duration were not
collected but the duration may possibly affect the
associations between OLSP and academic achieve-
ment. Even though acute effects of physical activity
on academic achievement have been reported [48],
it may take months or years for other possible learn-
ing-enhancing factors (cooperation, discipline, obe-
dience) to develop. Due to the cross-sectional study
design, a definite causal relationship cannot be
established. Future studies should collect data
regarding what kind of sport students participated in
since the association between sport participation
and academic achievement may depend on the type
of the sport [49]. Also, gathering information regard-
ing motor control may also be important because of
the possible confounding effect it may have on the
association with physical activity and academic
achievement [16,50].

In conclusion, this study supports the hypothesis
that in addition to the many health benefits of physi-
cal activity, it may also be associated with better aca-
demic achievement. Cardiorespiratory fitness and
adiposity are not associated with academic achieve-
ments in 9-year-old Icelandic children. The results
indicate that even though children participate in
OLSP four times a week or more, it is not harmful to
their academic achievement and may even benefit
learning. Thus, communities may look to increase
OLSP offerings independently and in cooperation
with non-profit sport clubs. OLSP can be costly for
families, so communities may consider assisting
low-income families with OLSP for their children.
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