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The Effects of Physical Activity on Body Composition and
Basal Metabolic Rate of Taiwanese Aboriginal Children during
Daily School Time
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Abstract

Physical activity is one of the important factors for maintaining weight in adults and children, especially moderate-to-
vigorous physical activity (MVPA). However, few studies have discussed about physical activity and body composition of
aboriginal children, in spite of the differences existing between aboriginal and non-aboriginal children. As a result, the aim
of this study was to investigate the effects of physical activity on the body composition and basal metabolic rate (BMR)
of Taiwanese aboriginal children. Methods: Thirty boys (aged 10.7 + 1.5 yr with a body-mass index (BMI) of 19.0 + 4.2
kg/m2) and 26 girls (aged 100 + 1.5 yr with a BMI of 182 + 3.7 kg/m2) participated in this study. Bouchard’s physical
activity questionnaire was used to measure the physical activity level. The body composition and BMR were determined by
a bioelectrical impedance analysis. Results: For all subjects, the period of school time, from leaving home to arriving back
home, was totally 530 + 38minutes. Children engaged in 353.8 + 29.7 (66%), 1219 + 9.7 (23%), 37.1 + 7.5 (7%), and
214 + 70 (4%) minutes of sedentary, light, moderate, and vigorous levels of exercise, respectively. The accumulated time
of MVPA was significantly higher for boys than for girls. In addition, after the statistical analysis, MVPA was significantly
related to the percent body fat and BMR (-0.79 and 0.63; p < 0.05). Conclusions: Sufficient physical activity time,
especially MVPA, benefits the maintenance of a normal BMI range for aboriginal children.
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Introduction

Weight problems of children have become serious
in developed countries in recent years (Hedley et al.
2004; Moreno et al. 2005). Although a lot of money and
different strategies have been used to try to curb this
increasing trend of children being overweight and obese,
a big challenge seems to be continually overcoming the
trend of weight increases (Cole, Bellizzi, Flegal, & Dietz,
2000). Adults are likely to be obese or overweight when
they ignored importance of physical activity and diet in
childhood. Moreover, many adult chronic diseases, such
as type II diabetes, heart disease, and gout, are related
to obesity (Pi-Sunyer 1993; Kuczmarski, Flegal, Campbell,
& Johnson, 1994; Troiano, Flegal, Kuczmarski, Campbell,
& Johnson, 1995). As a result, reminding children to pay
attention to weight management and encouraging them to
have regular habits of physical activity are important for
schools, parents, and the children themselves.

The reason to support physical activity is that many
observers believe that an increase in physical activity,
especially moderate-to-vigorous physical activity (MVPA),
can mitigate obesity by boosting energy expenditures
(Hill, 2004). In terms of physical activity guidelines for
children, research (Kavey et al. 2003; Strong et al. 2005)
recommends that children should have at least 60 minutes
every day of MVPA. However, a lot of children cannot
achieve this recommendation in many countries. If they
also don’t pay attention to diet, they are likely to be
obese or overweight. Several studies (Kanada, Gokhale,
& Rao, 2001; Gilliat-Wimberly, Manore, Woolf, Swan,
& Carroll, 2001; Raguso et al. 2006) have reported
the relationships between physical activity and energy
in adults; however, few studies on children have been
conducted in this field. In addition, an association between
physical activity and energy consumption is not clear for
all populations (Goran, Hunter, Nagy, & Johnson, 1997;
Westerterp, 2001).

In Taiwan, a trend of increasing weight in children
might not be avoided. A study by Huang, Wu, and
Yang (2003) reported weight increases of children
and adolescents in Taiwan. However, that investigation
primarily focused on non-aboriginal Taiwanese children.
Recently, a study (Lee & Huang, 2004) has reported that
the weight of aboriginal children has been increasing. In
spite of a similar trend of weight increases in aboriginal
children, the physical activity of aboriginal children has
been less discussed. As a matter of fact, some reasons
for the differences between aboriginal and non-aboriginal
children should be considered. First, most aboriginal
people in Taiwan still retain their traditional cultures and
customs in daily life. Second, some aboriginal people
still live in mountainous areas or places far from cities.
Finally, so far, little information has been reported on the
effects of physical activity in aboriginal children on body
composition and energy consumption. The twofold goals
of this study were to investigate 1) the physical activity
levels and time in school for aboriginal children and 2)
the effects of physical activity on the body composition
and basal metabolic rate (BMR). It was hypothesized that
physical activity was related to the body composition and
BMR.

Methods

This study was approved by local hygiene
administration. All participants provided written, voluntary
informed consent before participation. Moreover, permission
was also obtained from all participants’ parents or

supervisors and the school administration.

Daily school time was defined as the period from
leaving home to returning back home after classes had
ended and it accounted for the majority of a child’s
awake period (Fox, Cooper, & McKenna, 2004). During
this period, participants were not allowed to return home.

If they forgot to bring something, they could ask a parent
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to bring what they needed or else we would choose
another day to do the same measurement if the parent or
relative could not bring it to them. The physical activity
questionnaire of Bouchard et al. (1983) was used to
record physical activity after being revised. An hour was
divided into four quarters on this form. Children wrote
down the intensity of physical activity each hour for the
previous four 15-minute periods according to classifications
and examples of activities. Before starting this study, the
author explained the meanings and methods on this form
to participants and teachers. In addition, the author and
his colleagues offered immediate answers when participants
could not make a decision as to the level of their
physical activity.

The BMI of all subjects (weight (kg) divided by
height squared (m’) and the average percent body fat
(measured twice by bioelectrical impedance analysis (Maltron,
BF-906, Essex, UK)) were measured in addition to the
physical activity measurement. The BMR was measured in
the morning after 10 h of fasting. The height and weight
were measured at the same time. These two procedures
were performed at least two times. Good reliability was
found in the results. All data were reported as the mean
+ standard deviation (SD). Student’s t-test was used to
analyze the difference between genders. A Correlation
analysis was carried out for physical activity and body
composition. An alpha level of < 0.05 was considered
significant. SPSS (version 12.0, Chicago, IL, USA) was
used for all statistical procedures. In addition, 20 subjects
in each group achieved 0.87 for detecting a difference in
physical activity time with a significance level (alpha) of 0.05
using a two-sided two-sample t-test after a PASS (Kaysville,
UT) sample power analysis.
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Results

This questionnaire has good reliability for measuring
physical activity in children and was used in another study (Drapeau
et al. 2004). An excellent correlation existed between
the first and second measurements for the record of
physical activity levels (r = 0.89, p<0.05). In addition,
the correlations of measurements of body composition and
BMR between two times were also excellent (r = 0.96
and 0.90, respectively, p<0.05).

Table 1 reported the physical characteristics of
boys and girls. There were no significant differences in
age, BMI, or percent body fat. However, boys’ BMR in
resting expenditure was significantly higher than that of
girls by 2.9%.

In terms of physical activity, Table 2 shows the
time of sedentary, light, moderate, and vigorous levels for
boys and girls, respectively. Girls had 5.5% more time in
sedentary activities than boys while boys exhibited more
time than girls in the light (+2.2%) and MVPA (+10.4%)
portions.

There were no relationships between percent body
fat and times in sedentary or light-exercise time periods
for boys and girls nor were there relationships of BMR
and the time in sedentary and light-exercise time periods
for boys and girls. However, for boys and girls, the
amount of MVPA was significantly correlated with the
percent body fat (-0.77 and -0.71, respectively, p<0.05).
A significant relationship only existed in boys for MVPA
and the BMR (0.70, p<0.05). Moreover, there was a
significant association of MVPA with percent body fat (-0.79,
p<0.05) and BMR (0.63, p<0.05) when all participants

were combined.

Table 1. Age, Body Composition, and Basal Metabolic Rate of Boys and Girls.

Boys (n=30) Girls (n=26) Sig. All
Age (yr) 107 = 15 100 = 1.5 NS 104 = 15
BMI (kg/m’) 190 + 42 182 + 37 NS 19.1 £ 20
Body fat % 208 + 6.7 209 £ 58 NS 208 + 30

BMR (kcal/day) 1230 + 202.5* 1195 + 1360

+

0.036 12164 + 1788

Values are expressed as the mean + standard deviation.
BMI, body mass index; BMR, basal metabolic rate.
*Significantly different from the girls.
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Table 2. Time Allocations to Different Physical Activity Levels between Boys and Girls in School.

Boys Girls Sig. All
Sedentary (min) 3404 + 303 3592 + 28.1 NS 3538 £ 297
Light (min) 1233 + 111 1205 + 105 NS 1219 + 9.7
Moderate (min) 391 + 94 351 + 69 NS 371 £ 75
Vigorous (min) 233 £ 89 195 + 6.1 NS 214 £ 70

Discussion

To our knowledge, this is the first research to
provide the time allocated to different physical activity
levels during aboriginal children’s school time and to
investigate the effect of the physical activities at school
on aboriginals’ body composition and basal metabolism.
This study provides the time of different physical activity
levels for aboriginal children at school. The time spent
in school comprises the greatest part of the day for
schoolchildren. In addition, the results of this study
showed that the accumulated MVPA time in school was
associated with aboriginals’ percent body fat and BMR.

Although there were no significant differences in the
durations of sedentary, light, moderate, and vigorous levels
between boys and girls, boys spent more time in light,
moderate, and vigorous activities than girls. This result
is in concord with the other published papers (Ridgers,
Stratton, & Fairclough, 2006; Strong et al. 2005), which
investigated children’s physical activities in school-
based settings. In addition, boys spent significantly more
time in MVPA than girls when the times of moderate
and vigorous physical activities were combined (62.4
vs. 54.6 min) in the current study. Those other studies
also reported that girls spent less time in MVPA than
boys. As a result, aboriginal children have a similar

phenomenon when compared to other studies.

With respect to the effect of physical activity on
body composition, this study showed that sedentary and
light levels of physical activity were not significantly
related to percent body fat in either boys or girls.
However, the combination of accumulated time for
moderate and vigorous physical activities was associated
with percent of body fat of boys and girls, respectively,
even when boys and girls were placed into a group.
Consequently, this result is in line with Ruiz et al.’s (2006)

and Rowlands, Eston, and Ingledew’s (1999) studies,
which indicated that not all physical activity levels were
related to the percent of body fat. In addition, this study
showed that the more time children engaged in MVPA,
the less percent body fat they had.

Few studies have reported the relationship between
physical activity and BMR in children. The results of this
study show that MVPA was significantly related to BMR
when boys and girls were combined. But, for relationships
of the same parameters, the result for boys differed from
that for girls. With respect to studies of these three
variables (physical activity, body composition, and BMR)
in adult, results (Kanada, Gokhale, & Rao, 2001; Raguso
et al. 2006) supported physical activity influencing the
body composition, especially the fat-free mass (FFM),
and it was related to BMR. As a result, the FFM plays
an important role in influencing the BMR in the above-
mentioned studies. Based on an adult model, we also
measured participants’ FFM in the process of taking
body composition measurements. However, the results of
this study showed that no significant difference existed
between boys and girls (30.6 + 7.5 vs. 300 + 5.7 kg).
As a result, the difference in BMR between boys and
girls might not be ascribable to the FFM. In addition
to the FFM, several factors, for example race, age,
temperature, physical activity, and endocrine gland function
can influence BMR. Although there are more than 10
aboriginal tribes in Taiwan, the majority of subjects
belonged to the same tribe in this study. A few factors
were also considered during research, including age (no
significant difference) and health (a normal temperature).
However, other factors could not be excluded, and a few
limitations are described in next section. From this study,
the result of a relationship between physical activity
and the BMR was inconsistent in boys and girls. We
further analyzed the BMR and physical activity levels
by a stepwise regression. In boys and girls, MVPA only
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explained 49% of variance in BMR for boys and 38%
for girls. But, few similar studies have been conducted
on children. As a result, although MVPA might influence
aboriginal children’s BMR, more studies should be

conducted in the future to address this issue.

Limitations

In addition to some factors relating to body
composition, for example, genetics, physical activity, and
the environment, diet also influences body composition and
energy consumption. However, investigation of the diet
was a limitation in this study. As a result, this limitation
might make it difficult to explain why boys had a
slightly higher BMI and more MVPA time compared
to the results of Lee and Huang (2004). In addition,
although the ages of boys and girls did not significantly
differ, the status of puberty of all participants should have
been determined, because changes in body composition
might take place in this phase. Perhaps adding this step
would help us exclude a confounding factor in future

studies.

Conclusions

The allocation of time engaged in physical activities
by aboriginal children at school was investigated in this
study. The BMI of aboriginal children is in a normal
range according to Lee and Huang’s (2004) report. As
a result, having sufficient MVPA time is helpful in
maintaining aboriginal children’s weight. In other words,
in addition to reducing sedentary and lower-exercise
level times and increasing MVPA time, determining how
to diversify activities in school is another direction for
schools and teachers. They can encourage children to
extend their school experience and education to after-
school activities. This will help children increase energy

expenditure and maintain an appropriate weight.
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