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Abstract

PURPOSE: To determine the relationships between objectiveéasured and self-
reported physical activity, sedentary behavior, anddemic performance in Finnish
children.METHODS: Two hundred seventy-seven children from five stfian the
Jyvaskyla school district in Finland (58% of theés4ligible students; mean age 12.2
years; 56% girls) participated in the study in thgring of 2011. Self-reported
physical activity and screen time were evaluateth wuestions used in the WHO
Health Behavior in School-aged Children (HBSC) gtu@hildren’s physical activity
and sedentary time were measured objectively byguan ActiGraph GT1M/GT3X
accelerometer for seven consecutive days. A cwalffe of 2,296 counts per minute
was used for moderate to vigorous physical actiyPA) and 100 counts per
minute for sedentary time. Grade point averages vweovided by the education
services of the city of Jyvaskyla. The analysisvafiance and linear regression
analysis were used to analyze the relationshipsngnphysical activity, sedentary
behavior, and academic performand®ESULTS: Objectively measured MVPA
(p=0.955) and sedentary time (p=0.285) were nai@ated with grade point average.
However, self-reported MVPA had an inverse U-shapewilinear association with
grade point average (p=0.001), and screen timeaHambar negative association with
grade point average (p=0.002), after adjusting @ender, children’s learning
difficulties, the highest level of parental eduoati and amount of sleep.
CONCLUSION: In this study, self-reported physical activityswdirectly, and screen
time inversely, associated with academic achieveén@jectively measured physical
activity and sedentary time were not associatedh watademic achievement.
Objective and subjective measures may reflect miffe constructs and contexts of

physical activity and sedentary behavior in assmrawvith academic outcomes.
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Background

[Paragraph number 1]. It has been proposed that only 30-40% of youth are
sufficiently active according to current public hkearecommendations (9). In
contrast, sedentary behavior, especially screeeebasedentary behavior, has
increased during the last few decades, and todégreh spend 4-8 hours per day
sedentary (25)Physical inactivity has been shown to be associattddhigher levels

of obesity, metabolic, and cardiovascular risk dext depression symptoms, and
lower physical fitness in children, whereas adeguattysical activity may benefit

them (23).

[Paragraph number 2]. In addition to these health benefits, physicalvagt may

have a beneficial effect on academic performance children and youth

(7,8,13,17,30). However, diverging results haveo abeen reported (20,26,31),
indicating a somewhat weak and inconsistent asogidetween young people’s
physical activity and academic performance. Mosthef previous studies used self-
reported measures of physical activity and acadgreiformance, with only a few
reporting objectively measured physical activity association with teacher-rated
educational outcomes. In addition, previous studisse conducted in various
countries with varying educational systems, whichkes comparing the results

difficult.



[Paragraph number 3]. According to previous studies, media use (22,23peeially
time spent viewing TV (10,11,15,29), playing vidaates (14), and using the Internet
(18), has a negative association with academicegement in childhood. However,
Borzekowski et al. (1) and Jackson et al. (14) regba positive relationship between
Internet/computer use and academic performancelMamasib and Bhattacharya (24)
reported no association between television viewargl academic achievement.
Objectively measured sedentary time is a currepittof interest in physiology, but
has not been extensively studied from the psychodbgpoint of view. To our
knowledge, no one has studied the association ketwabjectively measured

sedentary time and academic performance.

[Paragraph number 4]. The aim of this study was to examine the associatio
between objectively measured and self-reportediphlyactivity, sedentary behavior,
and teacher-rated academic achievement in childi&n hypothesized that physical
activity is directly, and sedentary behavior inedys associated with academic

achievement in childhood.

Study population and methods
[Paragraph number 5]. Participants. During spring 2011, 475 fifth and sixth graders
from five schools in the Jyvaskyla school distriat Finland were invited to
participate in the study. Fifty eighth percent (N¥2 of 475 eligible children
participated in the study. The children were gi@ninformation pack containing a
leaflet for themselves, a letter for their paregustdians, and a consent form.

Participation in the study was voluntary, and alttgipants and their parents were



informed about their right to drop out of the sty time without a specific reason.
Only children with a fully completed consent for@eftificate of Consent signed by a
parent/guardian and the child) on the day of th& fneasurements were included in
the study. The study was performed according tgoticiples of the Declaration of

Helsinki and the Finnish legislation and was apptbisy the Ethics Committee of the

University of Jyvaskyla.

[Paragraph number 6]. Academic achievement. Academic achievement scores
(grades in individual school subjects and gradetpaverages) were provided by the
education services of the city of Jyvaskyla. Indinal grades were assessed in the
following school subjects: native language (in mosses Finnish or Swedish), first
foreign language (started in Grade 3), mathemaipts;sics/chemistry, biology,
history, geography, religion or ethics, visual ansisic and physical education. The
grades refer to numerical assessment on a scélelof where 4 denotes a failure (US
grade: F) and 10 denotes excellent knowledge ailld §4S grade: A). The grade-
point averages (GPAs) were calculated as meankeoindividual grades and were
used as a measure of academic achievement in #hgsisn A Finnish GPA 5.0-5.9
equals 1.0 in US GPA, 6.0-6.9 equals 2.0, 7.0-8uals 3.0, and 9.0-10.0 equals

4.0, respectively.

[Paragraph number 7]. Self-reported physical activity and screen time. Children
filled in a questionnaire concerning demographiehits, amount of sleep, etc. Self-
reported physical activity and screen time werduatad with questions used in the
WHO Health Behavior in School-aged Children (HBSE)dy (5). Self-reported

MVPA was measured with the following question: “Ovee f{mast 7 days, on how



many days were you physically active for a totahbfeast 60 minutes per day?” The
response categories were as follows: O days, 1 2lagys, ... 7 days. Before this
question, there was a short description about Winat of physical activity should be
taken into count, when answering the questiontfinnext question, physical activity
is defined as any activity that increases your theste and makes you get out of
breath some of the time.” Examples of MVPA were ning, walking quickly,
rollerblading, biking, dancing, skateboarding, swimg, snowboarding, cross-
country skiing, soccer, basketball, and Finnishebali. Test-retest agreement for
self-reported MVPA has been very good (ICC=0.82)(3elf-reported screen time
was measured with the following question: “Aboutwhmany hours a day do you
usually a) watch television (including videos),ptdy computer or video games, or C)
use a computer (for purposes other than playingegarnfor example, emailing,
chatting, or surfing the Internet or doing homewarkyour free time?” There were
response options for weekdays and weekends. Test-ragreement for watching
television (ICC=0.72-0.74) and for playing computervideo games (ICC=0.54—
0.69) has been substantial and for using compi@£<0.33-0.50) fair to moderate
(21). Daily screen time averages were calculatedcadhying these three questions

including weekdays and weekends together.

[Paragraph number 8]. Objectively measured physical activity and sedentary
time. Children’sphysical activitywas measured objectively by using the ActiGraph
GT1M/ GT3X accelerometer with one vertical axelil@en wore the accelerometer
on the right hip with an elastic waistband duringking hours for seven consecutive
days. Bathing, swimming, and other water activigyipds were excluded. To collect

data, the ActiLife accelerometer software (ActiLife version 5;



http://support.theactigraph.com/dl/ActiLife-softeqrwas used. Epoch length was 10
seconds and non-wearing time 30 minutes. For datiction and analysis,
customized software was used. A cut-off value @B8,counts per minute was used
for MVPA (12) and 100 counts per minute tmdentary timeChildren were included
in the analysis if they had valid data for at I€23® minutes per day on two weekdays
and on one weekend day. Objectively measured sagetitne was standardized with
daily monitoring time, which allowed the childremho had worn the accelerometers

for different amounts of time per day, to be conepar

[Paragraph number 9]. Potential confounders. The parent or the child’s main
caregiver filled in a questionnaire concerning figniackground. The mother’s and
father's education, family income, marital statasd children’s learning difficulties
were investigatedlhe highest level of parental educatievhich was calculated from
the mother’s and father’s education, was categdrazel) tertiary level education and
0) basic or upper secondary educatidtarital status of the main carewas
categorized as 1) married or cohabiting and 0) rde@ or single/widowChildren’s
learning difficultieswere evaluated with the following question: “Dogsur child
have any diagnosed learning difficulties?” (catégairon 1) yes and 0) = no or don't

know).

[Paragraph number 10]. Statistical analyses. SPSS software was used for the
statistical analyses (SPSS (2010) IBM SPSS St#id® Core System User's Guide
(SPSS Inc, Chicago, IL)). Logarithmic transformasowvere used for variables with
skewed distributions. Because the distributionetf-seported MVPA was negatively

skewed, the distribution was reflected and logarittally transformed and then



reflected again to restore the original order of thariable (-In((max+1)-y)). The
distributions of self-reported screen time and cibjely measured MVPA were
positively skewed. To measure gender different¢esjridependent samples t-test was
used. The cross-sectional associations among phyasativity, sedentary behavior,
and academic achievement were examined with asatfsvariance (ANOVA) and
linear regression analysis. For the analysis ofamae, children were divided into
tertile groups (33% each) according to the amofiobgectively measured MVPA (1.
tertile <47.0 min, 2. tertile 47.1-65.0 min, 3. tertit€5.1 min) and sedentary time (1.
tertile <38.4%, 2. tertile 38.5-41.4%, 3. tertite!1.5%). In addition, children were
classified into groups according to the self-repdM1VPA (1=0-2 days/week, 2=3—-4
days/week, 3=5-6 days/week, 4=7 days/week) ancisdime (1=0.00-1.99 h/day,

2=2.00-2.99 h/day, 3=3.00-3.99 h/day, 4=4.00-4/88yh 5=5.00 h/day).

Before the multiple regression, the Pearson’s taiom coefficients for continuous
variables were calculated to estimate associabenseen single variables and grade
point average. To investigate whether the assodatibetween self-reported or
objectively measured MVPA and GPA are quadrati@dgatic terms were calculated
using an equation?x ((x-mean(x))* (x-mean(x)), where the x was lo¢famically
transformed self-reported MVPA or logarithmicallyransformed objectively
measured MVPA. After that we used enter approachh® multiple regression. To
calculate change in R square, the variables ofastevere added to the second block
one by one, while all other variables of the mofgeltential confounders and other
variables of interest) were added to the first klothe change in R square for all
variables of interest was calculated and testedsignificance. In order to study

whether the assumptions of the regression analysis fulfilled, we examined the



distribution of model residuals. Sample charactiess were summarized
descriptively, using means and standard deviatiémrs continuous data and
frequencies and percentages for categorical d&a.l8vel for statistical significance
was determined as p<0.05. The star symbols are wtsedlustrate statistical

significance in the figures and tables (*** = p<010 ** = p<0.01, * = p<0.05).

Results
[Paragraph number 11]. The mean age of the children was 12.2 years anddabe
children were girls (Table 1). In 79% of familiete highest level of parental
education was tertiary level education. Seventypspcent of parents were married or

cohabiting. Seven percent of children had a diagthdsarning difficulty.

[Paragraph number 12]. Based on the teacher ratings, girls had higheregraunt
averages compared with boys (t(228)=6.26, p<0.004dble 1). Boys reported MVPA
for at least 60 minutes a day more often than §i(&39)=8.10, p=0.049) (Table 2).
Based on objective measurements, children hadyerage, 58 minutes of MVPA per
day, with no statistically significant differencettveen boys and girls (t(162)=5.34,
p=0.623) (Table 1). However, girls spent more @irthvaking hours sedentary than
boys (t(218)=2.71, p=0.006). On average, childegrorted 3.6 hours of screen time
per day, with no statistically significant diffe@n between boys and girls

(t(273)=1.11, p=0.095) (Table 1).

[Paragraph number 13]. According to the analysis of variance, a high leveself-

reported MVPA was associated with a high grade tpauwerage (F(3, 268)=6.56,



p<0.001) (Figure 1a). Children who were physicaltyive at least 60 minutes per day
for 5-6 days per week had the highest grade poietage (GPA=8.41), whereas
children who were physically active 0-2 days peekvead the lowest grade point
average (GPA=7.83). Screen time was inversely &gsacwith grade point average
(F(4, 268)=7.08, p<0.001) (Figure 1b). Children wiaal less than 2 hours per day of
screen time had the highest grade point averagéd£8B), whereas children who

had more than 5 hours per day of screen time hadotvest grade point average
(GPA=8.0). Objectively measured MVPA (F(2, 216) EQ.p=0.843) and sedentary
time (F(2, 216)=0.46, p=0.635) were not associatitd grade point average (Figure

1b, 1c).

[Paragraph number 14]. According to Pearson’s correlation coefficients)f-se
reported screen time was negatively associated gvilde point average (p<0.001)
(Table 3), while objectively measured MVPA (p=0.9%5 sedentary time (p=0.285)
had no significant association with grade pointrage. Quadratic term for self-
reported MVPA was associated with grade point ayer@<0.001) (Table 3), while
guadratic term for objectively measured MVPA wag (w=0.123). According to
multiple regression analysis, self-reported MVPA laa inverse U-shaped curvilinear
association with grade point average (Figure 2a|€ra), and screen time had a linear
negative association with schools’ grade averafger adjusting for gender, learning
difficulties, the highest level of parental eduoatiand amount of sleep (Figure 2b,
Table 3). Adjusted R Square for the model was Q.308 regression model residuals

were normally distributed.



Discussion
[Paragraph number 15]. Summary of results. In this study, self-reported physical
activity was directly, and screen time inverselyssaciated with academic
achievement in children. Objectively measured ptalsactivity and sedentary time

were not associated with academic achievement.

[Paragraph number 16]. Sef-reported physical activity and academic
achievement. Our finding of a positive association between sefferted physical
activity and academic achievement is consistent pwievious studies that reported
MVPA is associated with high levels of academic f@enance (13,17,30). In
addition, Donelly et al. (7) reported that addir@ rdinutes of MVPA to children’s
school week resulted in improvements in academigesement during the 3-year
intervention time. However, in our study the redaship between self-reported
MVPA and academic achievement was curvilineareénss that 5—6 times/week may
be the optimal amount of MVPA from the perspectbfeacademic achievement. It
may be that some of the most active children sgigne in physical activities at the
expense of time devoted to homework. A positiveocission between physical
activity and academic achievement may be due teceffof physical activity on
children’s cognitive function. Davis et al. (6) a@ithaddock et al. (3) suggested that
regular physical activity enhances executive fumgi Likewise, Castelli et al. (2)
and Kamijo et al. (16) in their intervention stugliebserved that increased physical
activity had a positive influence on children’s edgve functions and working

memory.



[Paragraph number 17]. Objectively measured physical activity and academic
achievement. In this study, objectively measured MVPA was nesaciated with
children’s academic achievement. Our results supjpase of LeBlanc et al. (20),
who reported that objectively measured MVPA was asdgociated with academic
performance in children. In contrast, Kwak et &4B)(found that objectively measured
vigorous physical activity was associated with a&rait achievement in girls, but not
in boys. However, Kwak et al. (19) studied adolessg15-16 years), whereas we
and LeBlanc et al. (20) studied children aged 10yel#ts. Furthermore, in the present
study physical activity was measured during sewamsecutive days, while LeBlanc
et al. (20) and Kwak et al. (19) measured physmetivity for 3 and 4 days,

respectively.

[Paragraph number 18]. Explanations for the inconsistencies between self-

reported and objectively measured MVPA in association with academic

achievement. The inconsistency between the subjective and tbgecneasures of
physical activity in association with academic aseiment may be due to the
difficulty estimating one’s overall physical actii According to Corder et al. (4),
40% of inactive children aged 10 years old ovenestied their physical activity
compared to the objective measure. However, novgdsakill-specific types of
physical activities based on body movements arenommamong children, but may
not be seen in activity counts. For example, slaeting is a skill-specific physical
activity, which requires balance and agility, bairdly accumulates activity counts.
Therefore, self-reported MVPA may better illustradéferent types of activity,

including skill-specific activity, while acceleroee-measured MVPA mainly

illustrates cardiovascular activity. Objective asdbjective measures may reflect



different constructs and contexts of physical aigtivn association with academic

outcomes.

[Paragraph number 19]. Sedentary behavior and academic achievement.
According to this study, self-reported screen timas inversely associated with
academic performance. This finding is in line witltevious studies (22,27)
supporting the hypothesis of time displacement .(ZBine displacement theory
suggests that the time spent in front of the screap simply displace time spent in
other activities such as doing homework, readingkbp or sleeping, which may
independently affect academic performance. Therg b®a certain dispositions in
media use, especially intense and exciting semsgatihich increase the desire for
these kinds of experiences and are incompatiblle @ahcentrated effort reading and
writing (28). In addition, attention difficultie$requent failure to do homework, and
negative attitude toward school have been repaoi@dediate the association between
television viewing at the age of 14 and academilaria at the age of 22 (15). In the
present study, objectively measured sedentary Wasenot associated with academic
achievement. This might be because objective measof sedentary time do not
specify the elements of sedentary behavior. k&sonable to suggest that some of the
sedentary activities performed (e.g., doing homé&wanrd reading) benefit learning

and academic achievement.

[Paragraph number 20]. Strengths and limitations. To our knowledge, this is the
first study to examine the associations of objedyivmeasured and self-reported
physical activity on teacher-rated academic achier@. Our study sample is

representative regarding physical activity, showtingt the level of physical activity



of Finnish school-aged children is comparable wittht reported in international
results (5). Because of the cross-sectional desigmclusions regarding causality of
the observed relationships cannot be drawn. In tiaddithe time spent doing
homework, reading, or performing other activitiggatt may benefit academic
achievement was not investigated, limiting moreciz® examination of sedentary
behavior. Moreover, the detailed content of sciggsed sedentary behavior was not
assessed, limiting the interpretation of the restdigarding screen-based sedentary
behavior. Inconsistency in physical activity resuttay be due to the accelerometer
method itself. The accelerometer does not measum@rsing, cycling, or similar
activities. Furthermore, one week or less of oljectneasurement may not be long

enough to depict children’s usual physical activity

[Paragraph number 21]. Future research. More research, specially, more
randomized controlled trials and longitudinal sesdiare needed to clarify the
relationship between physical activity and acadesutievement. Besides, more
information about the factors that may explain #ssociation between physical
activity and academic performance is needed. laréustudies, longer accelerometer
wearing times and, preferably, several measurempenbds during the school year
should be considered. Moreover, the inconsisteneiwden the subjective and
objective measurements related to educational mésmbserved in this study offers
an interesting viewpoint for future studies to ades We recommend future studies
use subjective and objective measurements to exapfhiysical activity, sedentary
behavior, and academic achievement. Furthermoré)ade should assess not only
the amount but also different types of physicalvégtand sedentary behavior more

precisely.



[Paragraph number 22]. Conclusion. In conclusion, self-reported, but not
objectively measured, physical activity and sedgnbehavior was associated with
academic achievement in children. Self-reported MMad an inverse U-shaped
curvilinear relationship with grade point averagéijle self-reported screen time had

a linear negative relationship with grade pointrage.
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Figure Captions
Figure 1. Grade point average with a) self-regbi®/PA, b) self-reported screen
time, c) objectively measured MVPA, and d) objeelyvmeasured sedentary time.
Results from the analysis of variance.
Figure 2. Grade point average with a) self-repo&dPA, b) self-reported screen
time, c) objectively measured MVPA, and d) objeelyvmeasured sedentary time.

Results from the regression analysis.



