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Purpose: This study was designed to examine the
association between childhood obesity and academic
performance with six-year follow-up.

Methods: The first-grade students from one elementary
school district in Taichung City, Taiwan participated
in this study in 2002 and followed up for six years
(n=409). Academic performance was extracted from the
school records at the end of each grade. The weight
and height were measured at the beginning of each
grade and body mass index (BMI) was calculated as
weight in kilograms divided by the square of height
in meters. The International Obesity Task Force
(IOTF) criteria were used to determine normal,
overweight and obesity classifications. A weight
change variable was created based on an individual’ s
weight status differences at grade one and grade six.
Multivariate linear regression models for predicting
academic performance at grade six were undertaken
after adjusting for individual characteristics,
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intelligence quotient (IQ) and absenteeism at school.
Results: At the first grade, the prevalence of
overweight and obesity was 18.8% in boys and 15.2% in
girls. No significant difference was found between
genders in obesity prevalence (p=.346). The obesity
increased after six years, with 34.3% in boys and
20.7% in girls (p=.002). Around 17.9% of boys and

12. 2% of girls were always overweight/obese and 16. 9%
of boys and 9.5% of girls became overweight/obese.
The results of the regression analyses revealed that
change in weight status over a six-year period was
not significantly associated with academic
performance among either boys or girls.

Conclusion: This study provided additional support of
the lack of independent association of obesity on
academic performance over six years, extending the
understanding of the relationship between weight
change and academic performance.

obesity, fitness, academic performance, school
performance, school achievement
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REIForAWE, BELARELRAMBL L PERF T
A longitudinal study on obesity, physical fitness and academic performance
among children and adolescents

Study one: A longitudinal study on childhood obesity and academic performance

Abstract

Purpose: This study was designed to examine the association between childhood obesity and
academic performance with six-year follow-up.

Methods: The first-grade students from one elementary school district in Taichung City, Taiwan
participated in this study in 2002 and followed up for six years (n=409). Academic performance
was extracted from the school records at the end of each grade. The weight and height were
measured at the beginning of each grade and body mass index (BMI) was calculated as weight in
kilograms divided by the square of height in meters. The International Obesity Task Force (IOTF)
criteria were used to determine normal, overweight and obesity classifications. A weight change
variable was created based on an individual’s weight status differences at grade one and grade six.
Multivariate linear regression models for predicting academic performance at grade six were
undertaken after adjusting for individual characteristics, intelligence quotient (IQ) and
absenteeism at school.

Results: At the first grade, the prevalence of overweight and obesity was 18.8% in boys and
15.2% in girls. No significant difference was found between genders in obesity prevalence
(p=.346). The obesity increased after six years, with 34.3% in boys and 20.7% in girls (p=.002).
Around 17.9% of boys and 12.2% of girls were always overweight/obese and 16.9% of boys and
9.5% of girls became overweight/obese. The results of the regression analyses revealed that
change in weight status over a six-year period was not significantly associated with academic
performance among either boys or girls.

Conclusion: This study provided additional support of the lack of independent association of
obesity on academic performance over six years, extending the understanding of the relationship
between weight change and academic performance.

Keywords: obesity; academic performance; school performance
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A longitudinal study on childhood obesity and academic performance
Introduction

Obesity is increasingly prevalent among children and adolescents (L.-J. Chen, K. R. Fox, A.
M. Haase, & J.-M. Wang, 2006; Lobstein, Baur, & Uauy, 2004). Evidence suggests that obesity
during early years is associated with risk factors and related physical and psychosocial
consequences (French, Story, & Perry, 1995; Must & Strauss, 1999; Regan & Betts, 2006;
Williams, Wake, Hesketh, Maher, & Waters, 2005). However, less attention has been paid to the
association between obesity and academic performance. A review paper found that from 1994 to
2004, only nine studies examining the link between childhood obesity and school performance
were published (Taras & Potts-Datema, 2005), suggesting a lack of understanding in this area.

The previous limited studies showed a possible association between obesity and academic
performance, showing obese children had a poor academic performance (Datar & Sturm, 2006;
Datar, Sturm, & Magnabosco, 2004; Sabia, 2007; Sigfusdottir, Kristjansson, & Allegrante, 2007).
The findings from preceding studies suggested that obesity might have a negative effect on
academic performance for children. However, more research is needed for addressing more
potential confounders when examining the association between obesity and academic
performance. The influence of being overweight or obese on academic performance might differ
between genders. Moreover, absenteeism in school and intelligence quotient (IQ) could be
important factors when examining the association between obesity and academic performance
(Campos, Sigulem, Moraes, Escrivdo, & Fisberg, 1996; Li, 1995; Schwimmer, Burwinkle, &
Varni, 2003). Nevertheless, these factors have not been put into consideration in a single study.
Additionally, longitudinal data are particularly scarce. Therefore, this study is designed to
investigate the relationship between childhood obesity and academic performance over six years

controlling for several important confounders.
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Methods

Participants

All of the first-grade students in 2002 in one school district in Taichung City, Taiwan were
selected in this study. Data were collected from the beginning of grade one in 2002 as the
baseline data and followed up to the end of grade six in 2008. Over a six-year period, 70 children

had left the school, resulting in 409 participants (211 boys and 198girls).

Measures
Dependent variable
Academic performance was the mean scores of Language, Mathematics, Science and Social

Studies, extracted from the school records at the end of each grade.

Independent variables

The weight and height were measured at school by the school nurse. Body mass index (BMI)
was calculated as weight in kilograms divided by the square of height in meters (kg/m?). The
International Obesity Task Force criteria (Cole, Bellizzi, Flegal, & Dietz, 2000) were used to
determine normal, overweight and obesity classifications at each age and for each gender. As low
obesity prevalence was consistently found, both the overweight and obesity figures were
combined for some analyses and subsequently referred to as ‘overweight/obesity’. Then, three
groups were categorized as ‘Never overweight/obese’ (the child was not overweight/obese at
grade one and grade six), ‘Became overweight/obese’(the child was not overweight/obese at
grade one but was overweight/obese at grade six), ‘Always overweight/obese’ (the child was
overweight/obese at grade one and at grade six). There were very few cases (n=9) that went from
being overweight/obese at grade one to not overweight/obese at grade six. These cases were

dropped from analyses due to the insufficient statistical power.
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Absenteeism: the total number of days absent from school was collected from the school
record from grade one to grade six.

Intelligence quotient (IQ): The Raven’s Colored Progressive Matrices (CPM) was
administered at grade two in school. The Chinese version was developed and validated. The test-
retest reliability of the Chinese version was .59 - .83 over a 4-week period and it was significantly
associated with the Wechsler Intelligence Scale for Children (y=.31-.33) (Hsu, 1990).

Demographic characteristics: variables included gender, parental education, having siblings
or not, and whether the child belongs to single parent household. Age was not considered since
all participants were first graders in 2002 and sixth graders in 2008 who were either 11 or 12

years old.

Statistical analysis

The differences between gender, weight status, and among the groups of weight status
change were tested using x>, T-test or ANOVA. In order to estimate the relationship between
change in weight status and academic performance, multivariate linear regressions were used
controlling for absenteeism, IQ and demographic characteristics. The dependent variable is
academic performance at grade six.

Results
Descriptive statistics

This study showed that 18.8% of the boys and 15.2% of the girls were either overweight or
obese at baseline (gender difference: p=.346). However, the overweight/obesity prevalence
increased after six years, with 34.3% in boys and 20.7% in girls (gender difference: p=.002). The
figure of BMI changes over six years was shown in figure 1. The finding illustrated that the

trajectory pattern of BMI was linear. However, the trajectory of changes in academic
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performance was non-linear, as shown in figure 2. The average score increased at the second

grade than dropped sharply.

20

BMI

Grade

Figure 1: BMI change over six years

——Girl
—e—Boy
- - - ALL  Score

——Girl
—e—Boy
= < - ALL

Grade

Figure 2: Academic performance over six years

No significant difference was found between genders in demographic variables, 1Q,

absenteeism or academic performance at grade one (table 1). There was no significant difference

between overweight/obese and not overweight/obese groups in gender, parental education, 1Q,

absenteeism or academic performance at grade one. However, children living in one child family

or single parent household were more overweight/obese than the compared group.
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Table 1: Descriptive statistics by gender and weight status

Gender Weight status at grade one
Variables B Girl Overweight/  Normal/
oys s P obese underweight P

Gender (% ) 346

Boys (n=211) 18.8 81.3

Girls (n=198) 15.2 84.8
Father’s education (%) 358 420

Low (college or lower) 50.3 49.7 18.0 82.0

High (bachelor or higher) 55.7 443 14.4 85.6
Mother’s education (%) 724 913

Low (college or lower) 50.8 49.2 17.1 82.9

High (bachelor or higher) 52.9 47.1 17.6 82.4
Having siblings (%) 222 .007

Yes 44.8 55.2 28.4 71.6

No 52.9 47.1 14.8 85.2
Single parent household (%) .942 .013

Yes 52.1 47.9 29.8 70.2

No 51.5 48.5 15.4 84.6
Weight status_grade one (%) 346

Overweight/obese 56.5 43.5

Not overweight/obese 50.3 49.7
Absenteeism (Mean) 7.5 7.3 785 7.6 7.4 851
IQ (Mean) 66.6 67.8 .656 68.2 67.2  .789
Score grade one (Mean) 88.7 90.3 .107 90.0 89.4 .630

About 18.0% of boys and 12.1% of girls were always overweight/obese and 17.0% of boys
and 9.5% of girls became overweight/obese. No significant difference was found in absenteeism,
IQ, and academic performance between groups.

The results from the multivariate regression analyses controlling for baseline academic
performance, demographic variables, absenteeism, and IQ showed that Change in weight status
over a six-year period was not significantly associated with academic performance among either

boys or girls (all p>.05).
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A longitudinal study on obesity, physical fitness and academic performance
among children and adolescents

Study two: Relationship between fitness and academic performance in adolescents

Abstract

Purpose: This study examined the association between fitness and academic performance in
adolescents with three-year follow-up.

Methods: The 7™ graders from one junior high school district participated in this study (n=669).
and were followed up for three years (n=669, boys=352). Academic performance was extracted
from school records at the end of each grade. Cardiovascular (CV) fitness, sit-and-reach
flexibility, bent-leg curl-ups and height and weight for calculating body mass index (BMI) were
assessed at the start of each grade. Univariate and multivariate linear regressions for predicting
academic performance at grade nine was performed.

Results: The results showed that changes of weight status and cardiovascular fitness significantly
predicted academic performance (p=0.003 and 0.001, respectively), whereas changes of
flexibility and muscle strength were unrelated to academic performance (p=0.188 and 0.158,
respectively). Those who persisted in being underweight or who became underweight showed
worse academic scores than those who were consistently normal weight (p=0.027 and p=0.018,
respectively). Those who passed both CV fitness tests and those who failed in the first test but
passed in the second had higher academic scores than those who went on to fail both tests

(p=0.006 and p=0.017, respectively).

Keywords: fitness, academic achievement, school performance, school achievement
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A longitudinal study on the association of fitness with academic performance inng
adolescents
Introduction

Physical fitness is shown to be associated with obesity, cardiovascular disease, skeletal
health, and mental health (L. J. Chen, K. R. Fox, A. M. Haase, & J. M. Wang, 2006; Ortega, Ruiz,
Castillo, & Sjostrom, 2008). Recently, there is a small but increasing interest on the relationships
between physical fitness and academic performance. The limited evidence base generally
indicates that physical fitness is positively associated with academic performance (Chomitz et al.,
2009; Welk et al., 2010).

One review of research showed that only four studies were found examining the link
between physical fitness and academic performance and all studies were cross-sectional and
correlational in design (Keeley & Fox, 2009). For example, one study reported a positive
relationship between overall physical fitness and academic performance with a large sample size
in the US (n=884715). The effect of this relationship was stronger for girls than boys and stronger
for high social-economic status (SES) students than lower SES students (Grissom, 2005). Dwyer
(Dwyer, Sallis, Blizzard, Lazarus, & Dean, 2001) used numerous subjective tests for measuring
physical fitness and a rating of academic ability on a five-point scale to represent academic
performance among 7961 Australian schoolchildren (7-15 year olds). Associations were found
between cardiovascular fitness, muscular force/power, flexibility and academic ratings. Another
research examined the association between various components of fitness and academic
performance in 259 third-and fifth-grade American schoolchildren (Castelli, Hillman, Buck, &
Erwin, 2007). The results showed that aerobic capacity and body composition was significant
associated with academic performance, whereas muscle strength and flexibility fitness were
unrelated to academic performance. A recent study with 134 elementary schoolchildren in the US

found that aerobic fitness and muscular fitness, but not BMI, were related to mathematics scores

11
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(Eveland-Sayers, Farley, Fuller, Morgan, & Caputo, 2009). These findings suggested that a
positive relationship existed between mainly cardiovascular fitness and academic performance
and different components of fitness might have different effects on academic performance.
However, these cross-sectional studies are unlikely to provide an accurate estimate of the
causal effect of physical fitness on academic performance. Longitudinal data controlling potential
confounders (e.g., gender and SES) are limited with only one published prospective study found
(London & Castrechini, 2011). London and Castrechini (London & Castrechini, 2011) examined
the association between academic performance and overall physical fitness longitudinally from
fourth to seven (n=1325) and sixth to ninth grades (n=1410) in the US. The results indicated that
a combination of fitness tests was more predictive of academic performance than any one test.
Students who were persistently fit had higher academic scores than those who were persistently
unfit, suggesting improved fitness is associated with increased academic performance over time.
In order to add more evidence to the literature, the present study was designed to explore

the longitudinal effects of different forms of fitness on academic performance among adolescents.

Methods

Participants

This study was conducted in one high school district in Taichung City in Taiwan. All
students who enrolled in the school at grade seven (n=723) were invited to take part in this study.
Any student who moved out of the district, students with disability, or who did not return the
consent form was excluded from this study. The final sample was 669 with 352 boys and 317
girls (mean age = 14.6). They participated in this study in 2008 year and were followed up for

three years from grade seven to grade nine until 2011.

Measures

12
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Academic performance was the outcome variable, which was measured as the mean score of
Language, Mathematics, Science and Social Studies. All students took exactly the same tests in
school and the scores were extracted from the school records at the end of each grade, ranging
from 0 to 100.

The fitness tests were completed during physical education (PE) classes between October
and November each year, and administered by the Chief of PE to ensure consistency from grade
seven to grade nine. The fitness tests included four measures: (1) 1600(boys)/800(girls)-meter run
was used to assess cardiovascular endurance; (2) The standardised sit-and-reach test was used to
measure the lower back and hip joint flexibility; (3) The number of bent-leg curl-ups attained in
Imin was used to test abdominal muscle strength and endurance; (4) Body composition was
obtained through measured height and weight by the school nurse.

The raw scores of the 1600(boys)/800(girls)-meter run, sit-and-reach test and bent-leg curl-
ups were converted into a percentile rank (PR) based on normative data at each age and for each
gender in Taiwan. Then, the above fitness results were grouped into two levels: ‘pass’ and ‘fail’.
Those who had fitness PR less than the 25" were classified as “fail’, which was suggested by the
Taiwan Ministry of Education as ‘needs improvement’. Changes in fitness levels were created
based on the difference between each child’s scores in 7™ grade and 9™ grade. Four groups were
categorized: ‘pass-pass’ (pass at 7" grade and 9" grade), ‘pass-fail’ (pass at 7" grade but fail at
9™ grade), “fail-pass’ (fail at 7" grade but pass at 9" grade), “fail-fail’ (fail at 7" grade and 9"
grade).

Weight and height were converted to BMI and children categorized as underweight, normal
weight, overweight and obesity using age and gender specific criteria suggested by the Taiwan
Ministry of Education (Taiwan Ministry of Education, 2011). Both the overweight and obesity
figures were combined for analyses and subsequently referred to as ‘overweight/obesity’. Then, a

weight change variable was created based on an individual’s weight status difference between 7t

13
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grade and 9™ grade. Six groups were categorized as ‘always normal’ (normal weight at 7" grade
and 9" grade), ‘always underweight’ (underweight at 7™ grade and 9™ grade), ‘always
overweight/obese’ (overweight/obese at 7" grade and 9™ grade), ‘became normal’ (not normal
weight at 7t grade but was normal weight at 9" grade), ‘became overweight/obese’ (not
overweight/obese at 7" grade but was overweight/obese at 9" grade), ‘became underweight’ (not
underweight at 7" grade but was underweight at 9 grade).

Variables including gender and parental socio-economic status (SES) were collected at 7™
grade. These factors have been shown to be associated with children’s academic performance
(Datar & Sturm, 2006; Sigfusdottir et al., 2007). SES was assessed by parents’ occupation and
education based on Hollingshead’s ‘Two Factor Index of Social Position’, modified to fit
Taiwanese society by Lin (Lin, 1994). Parents’ occupation and education were both divided into
5 levels and scored from 5 to 1. The SES score was obtained with occupational scorex 7 +
educational scorex 4 (Chen, Fox, Haase, & Ku, 2010). Scores were then grouped into tertiles
(low, moderate and high). The child’s age was not considered since all participants were 7t
graders in 2008-2009 school year.

Statistical analysis

Means and percentages of variables were calculated for gender and academic performance
at grade nine. The differences were tested using y’, t-test or analysis of variance (ANOVA). In
order to estimate the relationship between change in fitness levels and academic performance,
univariate and multivariate linear regressions were conducted. The dependent variable was
academic performance at 9" grade. Variables showing significant relationships with academic
performance in the univariate model were then entered into a multivariate model simultaneously.

The above analyses were performed with SPSS 16.0 for Windows.

Results

14
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Descriptive statistics

Table 1 provides descriptive statistics by gender and academic performance at grade nine
for SES and all fitness components. About one third of boys and half of girls remained normal
weight. More than one quarter of boys and 18.2% of girls persisted overweight or obese. Less
than 4.0% of students became overweight or obese in either boys or girls. The prevalence of
became underweight ranged from 4.4% to 7.3% for girls and boys. No significant gender
difference was found in SES, changes of cardiovascular fitness, flexibility and muscular strength
(p=0.072, 0.209, 0.831, and 0.061, respectively). Significant associations were found in gender,
SES, changes of weight status and cardiovascular fitness with academic performance (p<0.001,
p<0.001, p=0.003, p=0.001, respectively).

Table 1: Descriptive statistics by gender and academic performance

Variables Gen'der Academic score (9th grade)

Boys Girls p Mean p

Gender (% ) <0.001
Boys (n=352) 52.6 68.2(14.6)
Girls (n=317) 47.4 74.4(12.4)

SES (%) 0.072 <0.001
Low 45.5 544 70.3(13.0)
Moderate 40.4 32.1 71.9(13.3)
High 14.0 13.6 80.2(11.4)

Weight status change (%) 0.004 0.003
Always normal 349 50.0 73.7(13.6)
Always underweight 16.8 11.7 63.3(12.7)
Always overweight/obese 26.3 18.2 71.7(14.0)
Became normal 11.1 12.4 72.8(13.7)
Became overweight/obese 3.5 33 69.8(15.3)
Became underweight 7.3 4.4 65.7(13.7)

1600/800-meter run (% ) 0.209 0.001
Pass - Pass 54.5 59.4 72.3(13.8)
Pass - Fail 17.8 18.8 67.8(14.0)
Fail - Pass 10.3 10.7 74.2(14.9)
Fail - Fail 17.5 11.1 67.4(14.0)

Sit and reach (% ) 0.831 0.488
Pass - Pass 78.7 78.1 71.0(14.1)
Pass - Fail 7.0 8.9 69.2(14.0)
Fail - Pass 6.7 59 73.6(15.0)
Fail - Fail 8.0 7.1 69.4(13.9)

Bent leg Curl ups (% ) 0.061 0.158
Pass - Pass 69.3 65.0 71.6(13.5)
Pass - Fail 7.0 13.9 68.4(14.7)
Fail - Pass 12.3 10.9 71.6(13.6)
Fail - Fail 11.3 10.2 68.1(17.1)

Notes: Figures in brackets are standard deviation.
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Univariate and multivariate linear regressions

A small amount variance was explained by gender (4.9%) and SES (6.0%), illustrating that
girls and those in the higher SES reported greater academic scores than the reference group.
Weight status change was a significant predictor of academic performance (R*=3.0, p=0.003).
Students who persisted to be underweight or became underweight had lower academic scores
than those who persisted to be normal weight (p=0.002 and 0.001, respectively). Less than 3% of
variance was explained by cardiovascular fitness, flexibility and muscular strength separately
(2.9%, 0.4% and 0.9%, respectively). Those who went on to pass cardiovascular fitness tests and
those who failed in the first test but passed in the second showed higher scores than those who
went on to fail both tests (p=0.006 and 0.005, respectively). No relationship was found between
changes of flexibility and muscular strength with academic scores (p=0.488 and 0.158,
respectively).

Simultaneous multiple regression analysis was performed to explore predictors of academic
performance and determine the proportion of variance explained by key variables. Four variables
(gender, SES, changes of weight status and cardiovascular fitness) were entered into the
multivariate model. Similar results were found between univariate and multivariate models
among these variables. Boys and those who went on to be underweight or became underweight
had worse academic performance than girls and those who went on to be normal weight (p<0.001,
p=0.027 and p=0.018, respectively). Students who were in the high SES, who passed both
cardiovascular fitness tests and who failed in the first test but passed in the second had higher
academic scores than those who were in the moderate SES and who went on to fail both tests
(p<0.001, p=0.006 and p=0.017, respectively).

Conclusions
This research demonstrated that various forms of fitness have different relationships with

academic performance with three-year follow-up among schoolchildren. The findings suggested
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that changes of muscle strength and flexibility fitness were unrelated to academic performance,
which is consistent with previous cross-sectional studies (Castelli et al., 2007; Edwards, Mauch,
& Winkelman, 2011). Changes of weight status and cardiovascular fitness were significant

predictors for overall academic performance
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A Longitudinal Study on the Link Between Physical
Fitness and Academic Achievement in Adolescents

Li-Jung Chen 1 & Fo-Wen Ku 2
1 Deparmment of Exarcise Health Science, National Taiwan College of Physical Education, Taiwan
1 Gradmte Institute of Sports and Health, National Chanpiua University of Education, Taiwan.

Introduction
Physical fitmes: is shown to be associated with obesity, cardiovascular disease, sheletal health, and mental
health. There is a small but increasing interest on the relationships between physical filness and academic
performance. However, most studies are cross-sectional in design, which are unlilzely to provide an accarate
estimate of the canzal effect of physical fitness on academic performance. This study therefore examined the
linl: between fitness change and academic achievement among adolescents aver three years.

Methods

Seven grader: from one jumior high school district in Taiwan participated in this stody and were followed for
three vears (n=669, girls=371). Academic achievement was extracted from the school records at grade nine.
The fitness tests were tested every wear, including 1600 boys)/S800(zirls)-meter run, sit-and-reach, bent-leg
curl-ups and body composition. Body compesition was measured by the school nurse using weight and height.
It gronped into underweight, normal weight and overweight/'obese according fo the national criteria using
body masz: index. A weight change variable was created based on individuals® weight status differences
between grade seven and nine (always normal, always overweight/obese, always underweizht, became normal,
became overweight'obese or became underweight). Fitness scores were classified a3 “pass® or “fail’ based on
normative data for each fitnes: component. Fitnes: change: were categorized based on fitness levels between
grade seven and nine (pass-pass, pass-fail, fail-pasy or fail-fail). Univariate and moltivariate linear regression
was performed controlling for gender and social-economic status. Variable: showing zignificant relationzhips
with academic performance in the univariate model were then entered inte a mulfivariate model
simultanessly.

Fesules

Results from the univariate models revealed that changes of weight status and cardiovascular fitnes:
significantly predicted academic performance {p=.003 and 001, respectively), whereas changes of flexibility
and muscle strength were unrelated to academic performance (p=488 and 158, respectively). In the
multivariate model, adolescents who were always underweight or became underweight showed worse
academic performance than those who were always normal weight (p=017 and 013, respectively). Those
wha passed both cardiovascualar fitness tests and who failed in the first test but pass in the second had higher
academic scores than these who went on to fail both tests {(p=2006 and 017, respectively). However, only a
maodest total amount of variance (17.2%) was explained for academic achievement by these variables.

Tk |- Univarite seed waokis mishe prgrevvion vbaste o the ralsiiomship bbwerm
5  upd wondnmic prdamner

Conclusions

i dewedel Mt medl
B 1 P B nsE 1 » - s
= Changes of weight stafus and cardiovascular
Dede | M R Al T : fitness, but not flexibility and muscle strength,
- L - sigmificantly predicted academic achievement
Hig* 1 among schoolchildren.
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