
ABSTRACT
Background: The recent worldwide increase in the prevalence
of childhood obesity may be due in part to a decrease in chil-
dren’s physical activity levels.
Objective: The current study of children in the years just
before puberty aimed to 1) measure total energy expenditure
(TEE) by use of the doubly labeled water (DLW) method,
2) determine the proportion of TEE related to physical activity,
3) investigate the relations between measures of physical activity
and body fatness, and 4) investigate possible sex differences in
these relations.
Design: The DLW technique was used to measure TEE over 10 d
in 106 healthy children (52 boys) aged 7.8 ± 0.9 y (x– ± SD). Fat-
free mass, and hence fat mass, was derived from the 18O dilution
space. Resting energy expenditure (REE) was calculated with
use of the Schofield equations. Physical activity level was calcu-
lated as TEE/REE.
Results: Mean TEE in both boys (7871 ± 1135 kJ/d) and girls
(7512 ± 1195 kJ/d) was significantly different (P < 0.0001) from
FAO/WHO/UNU recommendations (13% and 9% lower, respec-
tively). There was no significant difference in physical activity
level between boys (1.69 ± 0.22) and girls (1.71 ± 0.23). In boys
but not girls, physical activity level was inversely correlated with
BMI (r = �0.37, P < 0.01), fat mass (r = �0.46, P < 0.005), and
percentage of body fat (r = �0.50, P < 0.0001).
Conclusions: In boys but not girls, percentage of body fat is
inversely associated with physical activity level. Physical activ-
ity is one factor contributing to body fatness in boys, but addi-
tional factors may influence the size of the fat stores in girls.
Am J Clin Nutr 2001;74:524–8.
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INTRODUCTION

The prevalence of overweight and obesity in children in Aus-
tralia and other westernized countries has increased significantly
over the past 2 or more decades (1–4). This increase in preva-
lence has arisen as a result of major environmental change,
including changes in physical activity energy expenditure (AEE)
and dietary energy and fat intakes (2).

The years just before puberty (ages 6–9 y) are an important
time to target the management and prevention of obesity in chil-
dren. This period overlaps with the time of adiposity rebound
(between 4 and 7 y of age), the period when adiposity, as meas-
ured by body mass index or triceps skinfold thickness, begins to
rise again (5). This period is recognized as a critical period for
the development of obesity, with early adiposity rebound appear-
ing to predict the development of later obesity (5–7). The ages of
6–9 y are also of interest because this is a time when activity and
eating patterns may be changing as children become established
in school and other routines of middle childhood. For these rea-
sons, it was of particular interest to examine the relation between
physical activity and body fatness in children of this age group.

AEE is one component of total energy expenditure (TEE), the
other components of which are resting energy expenditure
(REE), the thermic effect of food, and the energy cost of growth.
The doubly labeled water (DLW) technique enables the noninva-
sive measurement of TEE in free-living subjects over a 10–14-d
period and is a well-established reference method for measuring
TEE and the energy expenditure due to physical activity (8–12).

In a meta-analysis of DLW studies conducted in adults, West-
erterp and Goran (13) examined the relation between physical
activity and body composition and found that there was a sex dif-
ference: in males but not females, a lower physical activity level
(PAL) was associated with a higher percentage of body fat. In a
study of preschool children, however, Davies et al (14) found that
high percentages of body fat were associated with low PALs in
both boys and girls. Most of the studies in which the DLW method
was used to measure TEE and AEE in children were conducted in
very young children, ie, those aged 1–5 y (15–18); few DLW stud-
ies have been performed in children aged 6–9 y (19–21). The aims
of the current study of children in the years just before puberty
were to 1) measure TEE by DLW, 2) determine the proportion of
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TEE related to physical activity, 3) investigate the relations
between measures of physical activity and body fatness, and
4) investigate possible sex differences in these relations.

SUBJECTS AND METHODS

Subjects

One hundred six children (52 boys and 54 girls) aged 6.0–9.6 y
were involved in this study. Sixty-two children were recruited
from 28 state primary schools in western Sydney, 39 were
recruited from one state school in Brisbane, and 5 were recruited
through university staff at the Queensland University of Tech-
nology. In Sydney, all state schools within a 10-km radius of the
study center, an area that encompasses a population with wide-
ranging socioeconomic status, were contacted by letter. With the
approval of the school principals, the information was then dis-
tributed to the parents, inviting their children to participate in the
study. In Brisbane, children were recruited from one state school
and through staff at the Queensland University of Technology. In
both Sydney and Brisbane, children with a chronic illness other
than asthma or with acute illness at the time of the study were
not recruited. At the time of the study, no children were taking
medications that would have affected the results, such as �2 ago-
nists or methylphenidate.

The study protocol was explained to the parents and the chil-
dren, and informed, written consent was obtained from a parent. In
Sydney the study was approved by the Human Ethics Committee
of The Children’s Hospital at Westmead, and the NSW Depart-
ment of Education and Training gave approval for the children to
be recruited through state schools. In Brisbane the study was
approved by the Queensland University of Technology Human
Research Ethics Committee and approval was also given from the
relevant state school in conjunction with Education Queensland.

Protocol

In Sydney, children attended the study center (James Fairfax
Institute of Paediatric Nutrition at The Children’s Hospital at
Westmead) after school or during school holidays. The subjects
were studied from June 1998 to February 1999. At this visit, the
study protocol was explained, anthropometric measurements
were obtained, and the DLW dose was given as detailed below.
In Brisbane, children were visited at home initially, where they
were given the dose of doubly labeled water. The children then
attended the Human Movement Clinic at the Queensland Uni-
versity of Technology for their anthropometric measurements.

Anthropometry

Anthropometric measurements were made by using standard-
ized techniques. In both study centers, standing stretched height
(± 0.1 cm) was measured with a Harpenden stadiometer (Holtain
Ltd, Crymych, United Kingdom). Body weight (± 0.01 kg) in
light clothing was measured by using digital scales. Body mass
index (BMI) was calculated as weight/height2 (in kg/m2).

The heights, weights, BMIs, and ages of the boys and girls in
our study were compared with those of a recently well-sampled
population of Australian schoolchildren [Health of Young Victo-
rians Study (1)]. Weight, height, and BMI were also compared
with the National Center for Health Statistics (NCHS) reference
population (22, 23). These measurements were normalized by
being expressed as SD (z) scores (23, 24).

Total energy expenditure

TEE was measured over a period of 10 d by using the DLW
method. A baseline urine sample was collected before the subjects
were given an oral DLW dose (0.05 g/kg 2H2O and 0.125 g/kg
H2

18O) from a flask with use of a drinking straw. The flask was
weighed before and after dosing to calculate the actual dose
given. Isotopes were from CK Gas Products Ltd (H2

18O; Berk-
shire, United Kingdom) and the Australian Nuclear Science and
Technology Organisation (2H2O; Lucas Heights, Australia). At
home, subjects collected a urine sample 3–6 h postdose and then
once daily for the next 10 d. Samples were frozen until collected
by the research assistant at the end of this period. Samples were
analyzed for 2H2O and H2

18O by isotope ratio mass spectrometry
in the energy metabolism laboratory at the Queensland Univer-
sity of Technology. The technique is described in detail else-
where (25, 26). In brief, the multipoint approach was used with
an assumed respiratory quotient over the 10-d period of 0.85. In
individuals in energy balance and with zero or minimal growth
over a period of days, TEE will also be equal to total energy
intake. In the age range of the children in this study, the energy
stored in new tissue, ie, growth, will be a very small proportion
(�2%) of total energy intake.

Measurement of body composition

Fat-free mass was calculated from the 18O dilution space by
assuming that this is 1% larger than total body water and by
using the appropriate value for the hydration of fat-free mass in
children of different ages (27). Fat mass was calculated as the
difference between body weight and fat-free mass. Percentage of
body fat was calculated by using fat mass and body weight.

Resting energy expenditure

Children were measured after school and it was therefore not
possible to determine the REE of each subject in the fasted state.
It was shown in our facility and in others, however, that there is
good agreement between the REE of children measured by indi-
rect calorimetry and the REE predicted by the Schofield equa-
tions (28–30). For example, Firouzbakhsh et al (29) measured
REE directly in 199 healthy children aged 5–16 y and found good
agreement between measured REE and REE predicted by the
Schofield equations. The Schofield equations have been widely
used to predict REE in several studies in children (31–33). We
therefore calculated predicted REE for each subject by using the
Schofield equations based on body weight, age, and sex (30).

Statistical analysis

The data were analyzed by using SPSS for WINDOWS (ver-
sion 9.0; SPSS Inc, Chicago), and all data are presented as
means ± SDs. A one-sample Student’s t test was used to test for
differences between 1) children’s height, weight, and BMI z scores
and the NCHS reference population median and 2) World Health
Organization recommendations for energy intake and the TEE of
the children in the study. One-way analysis of variance was used
to examine differences in physical characteristics, total energy
expenditure, and PALs between boys and girls. Pearson’s corre-
lation coefficient was used to derive the level of association
between variables. Stepwise multiple regression analysis was
used to examine relations between sex, measures of energy
expenditure, and body composition. A nonparametric test
(Mann-Whitney U test) was used to compare the age, height,
weight, and BMI of the children in our study with those of
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children in the Health of Young Victorians Study (1) because of
the unequal numbers in the 2 studies.

RESULTS

Characteristics of children

The physical characteristics of the total group and of boys and
girls separately are shown in Table 1. Boys were not signifi-
cantly different from girls with respect to weight, weight z score,
height, height z score, BMI, and BMI z score. However, as
expected, fat mass and percentage of body fat were significantly
higher in girls and fat-free mass was significantly higher in boys.

The mean height, weight, and BMI z scores of both the total
group and of the girls were significantly different from zero,
indicating that these groups were taller, heavier, and had a higher
BMI than did the NCHS reference population. The mean height
and weight z scores of the boys were also significantly different
from zero. By contrast, the heights, weights, and BMIs of our
study group were not significantly different from those of the
Australian reference population (1).

Comparison of energy expenditure variables between boys
and girls

Also shown in Table 1 are data on TEE, measures of physical
activity, and TEE as a percentage of published reference values for
energy intake (32). The FAO/WHO/UNU recommendations used
were those based on body weight as the major predictor of energy
requirements, classified according to age and sex. In both boys and
girls, TEE was significantly lower than published recommenda-
tions for energy intake (13% and 9% lower, respectively).

Three indexes of physical activity are shown in the table:
PAL, which is the ratio of TEE to REE; AEE, which is the dif-
ference between TEE and predicted REE; and AEE as a percent-

age of TEE. The mean values for PAL and AEE as a percentage
of TEE were not significantly different between boys and girls.

Relations between energy expenditure variables and 
anthropometric variables

Summarized in Table 2 are the significant correlations
between energy expenditure variables and anthropometric vari-
ables for boys and girls. Sex was a significant predictor of per-
centage of body fat (R2 = 0.123, P < 0.0001), fat mass (R2 = 0.049,
P = 0.022), and fat-free mass (R2 = 0.037, P = 0.048). Therefore,
separate analyses were performed for boys and girls to investigate
the relations between measures of body composition and measures
of physical activity.

In boys, PAL and AEE as a percentage of TEE were inversely
related to weight, weight z score, BMI, BMI z score, fat mass,
and percentage of body fat. The relation between PAL and per-
centage of body fat is shown in Figure 1. There was a significant
relation between these 2 variables for boys but not for girls. The
regression line for boys is shown in the figure and is represented
by the equation

PAL = –0.013 � percentage of body fat + 2.00 (1)

for which R2 is 0.25, P < 0.0001, and SEE = 0.003.

DISCUSSION

In this study of 106 children, TEE measured by DLW was
�11% lower than current recommendations for energy intake
(34). The recommendations for the energy requirements of chil-
dren of the FAO/WHO/UNU report were based on measured
energy intake increased by 5% to allow for a desirable PAL
(34). When this report was published, no accurate data on the
direct assessment of average daily energy expenditure were
available because the DLW method was not widely in use. Our
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TABLE 1
Physical characteristics, total energy expenditure, and measures of physical activity of subjects1

Total group (n = 106) Boys (n = 52) Girls (n = 54)

Age (y) 7.8 ± 0.9 7.8 ± 0.9 7.8 ± 0.9
Height (cm) 127.5 ± 7.8 127.9 ± 8.4 127.1 ± 7.2
Height z score 0.34 ± 0.932 0.37 ± 1.062 0.30 ± 0.802

Weight (kg) 27.8 ± 6.2 27.6 ± 6.3 28.1 ± 6.1
Weight z score 0.60 ± 1.112 0.55 ± 1.242 0.64 ± 0.982

BMI (kg/m2) 17.0 ± 2.4 16.7 ± 2.3 17.2 ± 2.4
BMI z score 0.20 ± 0.972 0.08 ± 1.00 0.31 ± 0.932

Fat mass (kg) 8.0 ± 3.9 7.1 ± 3.8 8.8 ± 4.03

Fat-free mass (kg) 20.0 ± 3.4 20.5 ± 3.8 19.2 ± 2.83

Percentage of body fat (%) 27.5 ± 8.1 24.6 ± 8.4 30.3 ± 6.84

TEE
(kJ) 7688 ± 11745 7871 ± 11355 7512 ± 11955

(% of WHO recommendation)6 89 ± 16 87 ± 15 91 ± 16
PAL (TEE/REE) 1.70 ± 0.23 1.69 ± 0.22 1.71 ± 0.23
AEE

(kJ) 3139 ± 989 3178 ± 969 3101 ± 1016
(% of TEE) 40.0 ± 8.0 39.7 ± 8.0 40.3 ± 8.1

1 x ± SD. TEE, total energy expenditure measured by doubly labeled water; PAL, physical activity level; REE, resting energy expenditure; AEE, activity
energy expenditure (TEE � REE).

2 Significantly different from the National Center for Health Statistics (20, 21) reference population median of zero, P < 0.05.
3,4 Significantly different from boys (one-way ANOVA): 3 P < 0.05, 4 P < 0.0001.
5 Significantly different from FAO/WHO/UNU (34) recommendations, P < 0.0001.
6 FAO/WHO/UNU recommendation for energy intake based on weight, age, and sex (34).
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findings agree with the results of several studies, mostly in
younger children, which also found that TEE measured by the
DLW method yields lower values than current recommendations
for energy intake (13–15). Because our findings are based on a
selected sample of Australian children, however, we must exer-
cise some caution when extrapolating our results to the wider
pediatric population.

The mean PAL values for both boys (1.69) and girls (1.71) in
the present study are similar to or a little lower than the values
reported in other studies of children of the same age (17, 19, 35).
In the current study, the mean values for AEE as a percentage of
TEE (39.7% in boys and 40.3% in girls) were lower than those
reported in a UK study of 7-y-old children (45.1% in boys and
47.9% in girls) (17). An important question to be considered
when comparing PAL between studies is how representative are
those studies of the populations from which they were sampled?
The anthropometric characteristics (height, weight, and BMI) of
our sample of children were not significantly different from those
reported in a recent population study of healthy Australian chil-
dren (1). This suggests that, in terms of growth and body fatness,
our sample is representative of the Australian pediatric population
and that our results can be generalized to this population.

The development of the DLW method has enabled the relation
between physical activity and body composition to be investigated
more reliably. Studies have shown that low PALs in children aged
1–5 y are associated with increased percentages of body fat
(12, 14). The results of our study show that for the total group of
106 children there was an inverse association between PAL and
measures of body fatness. However, there was a notable sex dif-
ference: in boys but not in girls, a higher percentage of body fat,
fat mass, weight, weight z score, BMI, and BMI z score were each
associated with lower PALs and lower AEEs as a percentage of
TEE. These results agree with those of Ku et al (36), who found
that moderate and strenuous activity scores (calculated by use of
activity diaries) in 8-y-old boys had significant inverse correla-
tions with percentage of body fat, whereas there was no significant
correlation of activity with body fatness in 8-y-old girls. Sex dif-
ferences between physical-activity-related energy expenditure and
body composition were also previously reported in adults (11). In
a meta-analysis of 22 studies in which the TEE of 290 subjects
aged 18–49 y was measured by DLW, a significant relation
between AEE and percentage of body fat was observed in men but

not in women (13). The current study is the first to find a similar
sex difference in children in the years just before puberty.

Our study protocol did not allow us to investigate the reasons
for the sex difference we found in the relation between measures
of physical activity and body fatness. A possible explanation is
that in boys aged 6–9 y, either the PAL has a primary influence
on body fat or body fatness significantly affects the PAL. In con-
trast, the PAL may play a less significant role in determining
body fatness in girls. In girls, other factors, such as a greater
effect of dietary energy or dietary fat intake on body fatness or
differences in nutrient partitioning between the sexes, may be
more important. A study in adults examined the effect of an
increase in physical activity on energy balance and body compo-
sition without limiting energy intake (37). A more pronounced
loss of body fat mass in men than in women was observed;
women tended to compensate for increased energy expenditure
by increasing their energy intake. In light of these findings in
adults, the sex differences found in the current study of children
in the years just before puberty warrant further investigation.

Our results suggest that lower PALs may contribute to the rise
in prevalence of childhood obesity, particularly in boys. Further
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TABLE 2
Correlations between energy expenditure components and anthropometric variables1

Boys (n = 52) Girls (n = 54)

TEE AEE (% of TEE) PAL TEE AEE (% of TEE) PAL

Height 0.522 �0.13 �0.17 0.542 0.04 0.002
Height z score 0.403 �0.21 �0.22 0.344 0.03 �0.01
Weight 0.522 �0.324 �0.324 0.542 �0.10 �0.12
Weight z score 0.284 �0.423 �0.403 0.385 �0.21 �0.14
BMI 0.304 �0.403 �0.375 0.393 �0.16 �0.17
BMI z score 0.16 �0.413 �0.375 0.26 �0.14 �0.14
Fat mass 0.23 �0.512 �0.463 0.462 0.13 �0.16
Fat-free mass 0.642 �0.02 �0.07 0.532 �0.03 �0.04
Percentage of body fat (%) �0.05 �0.562 �0.502 0.354 �0.13 �0.16

1 TEE, total energy expenditure measured by doubly labeled water; AEE, activity energy expenditure (TEE – REE); PAL, physical activity level (TEE/REE).
2 P < 0.0001.
3 P < 0.005.
4 P < 0.05.
5 P < 0.01.

FIGURE 1. Relation between physical activity level [total energy
expenditure (TEE)/resting energy expenditure (REE)] and percentage of
body fat for 106 girls (�; r = �0.16, NS) and boys (�; r = �0.50, P <
0.0001). The regression line for boys is shown.
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studies are required to investigate the contribution of physical
activity, sex differences, dietary intake, and related factors to
body fatness so that appropriate interventions can be targeted to
the important public health problem of obesity.

We are grateful to the children and their parents who committed their time
for this study and extend a special thanks to Melissa Wake and Ross Lazarus for
making the raw data from the Health of Young Victorians Study available to us.
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