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Abstract

Background
In the last few decades, a growing body of research has built an argument that physical
i fitness (PF) among youth might affect their cognitive development and academie |
 achievement (AA). PF has especially been regarded as a potential mediator of the effects |
of exercise training on cognitive functions/structure. Although many cross-sectional
studies suﬁported the positive correldation between PF and AA, the causal effect of PF on
AA remains unclear due to few longitudinal studies.

To date, some longitudinal studies have shown positive effect of PF on AA, whereas a |
recent study using multilevel models demonstrated that an academic gap between’
consistently fit and consistently unfit students did not change over time. Therefore, more
research is needed to investigate how changes in PF may be related to subsequent
changes in academic outcomes. -

The aim of this stﬁdy is thus to examine the causal impact of PF on AA of junior high
school students in Japan, while taking into -account -essential time constant covariates
including socio-economic status (SES) and individual psychological characteristics and

time varied covariates including body mass index (BMI) and learning duration.

| Methods _ ‘

A two-year, with three-time points longitudinal study was conducted in five public |
junior high schools in two suburban municipalities in Okinawa Prefecture, Japan from
April 2015 to July 2017. Analyses were based on data of 567 students (aged 12-13 years
old at the baseline-point; 303 boys; 92.4% of the original sample), excluded those who did
not submit the questionnaires and had incomplete PF and AA data. Academic achievement

| was evaluated using the student’s overall grade point average (GPA). Comprehensive-

physical fitness score was summed up from eight fitness tests: 50-m sprint, standing

broad jump, repeated side-steps, sit and reach, sit-ups, hand-grip strength, handball
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throw, and 20-m shuttle run or endurance run. Bedy mass index (BMI) was calculated as
'weight (kg)/ height (m)?, data were obtained from school records. Family structure, |
parental education level, achievement .motives, and learning duration were assessed by
self-reported questionnaire. The hybrid regression model was applied to examine the
impact of change in physical fitness on change in academic achievement using multiple
imputation to account for non-response at follow-up. The great advantage of hybrid
' models is that these estimate two coefficients for each variable’ a person-level mean which |
captures between-person effects, and a measure of the deviation of each observation from
the person-specific mean which captures the within-person effects. Namely, the between-
person effects generated conclusions on whether AA is associated with three time-point
averages of PF. The within-person effects generated conclusions about the impacts of three

- time-poim changes of PF within-person by comparing the change of GPA in two years.

Results

The within-person coefficients showed that the change of total fitness scores through
| two-year time periods is associated with a change in GPA for boys (beta = 0.007, 95 %
confidential interval = 0.002-0.011). The. between-person coefficients showed. that. total |
fitness scores on the average of two years is positively associated with GPA only for boys
(beta = 0.026, 95% confidential interval =.0.014-0.037). These associations were observed
after adjustment for BMI, learning duration, achievement motive, absence of parents, and
parental education. On the other hand, neither within* nor between-person coefficients

showed significant association between fitness score and GPA in girls.

Cpnclusion.

By‘using the hybrid model analysis, we detected a possibility that an increase in PF
leads to good -AA among junior high school boys, regardless-of between-person differences
;of PF level, Moreover, it is suggested‘ that the effect of PF on AA is effective without |
negative influences by SES. Although the.lack of relationship in PF and AA was observed
in girls, PF is unlikely to negatively influence AA. Collectively, opportunities for promoting
PF may support AA among junior high school students. The research pursuing sex
differences is insufficient in this research field. More research is needed to examine the

moderation effect by sex and elucidate the possible explanatory mechanism.




