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Abstract

The objectives of this study were to compare daily physical activities, and activities performed according to a structured protocol, measured
with tri-axial accelerometers (Tracmor-4), between lean and overweight children. Fourteen overweight children (59.8±9.5 kg) and fifteen lean
matched controls (47.2±8.7 kg) wore the Tracmor-4 daily, during 12±1.3 h, for one week in their home environment. Of these, 24 children
participated in a sports afternoon, where they performed activities according to the same structured protocol. In addition, physical activity was
estimated using a modified Baecke questionnaire. Body composition was determined. Total mean Tracmor counts/day were significantly lower
for the overweight children than for the lean (overweight: 46.1±6.9 vs. lean: 54.4±11.2 kCounts/day, p=0.02), while reported activities
(Baecke score) were similar. When performing activities according to the structured protocol, there was no difference in mean Tracmor counts
between the two groups (overweight: 36.3±6.9 vs. lean: 34.7±6.6 kCounts, p=0.6). Daily physical activities were inversely related to
percentage body fat (r2 =0.29, pb0.01); structured activities were not. As compared to lean children, overweight children moved less without
being aware of it; yet exerted the same movements per activity. We conclude that in overweight children daily physical activities were reduced
and structured activities performed according to instructions were not. In order to prevent progressive overweight or obesity, overweight
children should take part in as many as possible structured and scheduled sports activities throughout the week, and be encouraged to behave
physically active in daily life.
© 2007 Elsevier Inc. All rights reserved.
Keywords: Tri-axial accelerometry; Children; Obesity; Baecke questionnaire
1. Introduction

The prevalence of childhood obesity is emerging as a major
health problem [1,2]. It is associated with several risk factors
for later heart disease and other chronic diseases [3,4]. Energy
expenditure, like energy intake, is an important factor in the
development of obesity [5,6]. Already in 1956, Mayer, Roy and
Mitra [7] published a study on relations between caloric intake,
body weight and physical work. This investigation purported to
show that the groups of employees who were relatively seden-
tary (13 stallholders, 8 supervisors and 22 clerks) had on average
⁎ Corresponding author. Tel.: +31 43 3881566; fax: +31 43 3670976.
E-mail address: M.Westerterp@HB.Unimaas.nl
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a higher energy intake and a higher body weight than employ-
ees who were engaged in light physical work [7]. Compared
to adolescents [8] or adults, children move relatively much,
however, physical activity in this young group seems to decrease
over the past several decades, especially in the USA [9]. Dif-
ferent studies estimating the effect of physical activity in child-
hood, usually by questionnaire, find different effects of activity
in relation to overweight or obesity [10]. One reason for this
uncertainty is discrepancy in the accuracy of physical activity
measurement techniques used. In recent years, the measure-
ment of physical activity with accelerometers has become more
widely used. These instruments provide minute-by-minute
quantification of body movement over periods of several days
or even weeks, enabling patterns of movement or inactivity to be
assessed. The Tracmor-4, a tri-axial accelerometer, has been
validated against energy expenditure measured by the doubly
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Table 1
Subject characteristics of 15 lean and 14 overweight children

Gender (m/f) Lean Overweight

Mean SD Mean SD

8/7 7/7

Age (y) 12.1 1.1 12.0 1.2
Height (cm) 160.7 10.2 159.5 9.4
Body weight (kg) a 47.2 8.7 59.8 9.5
Waist circumference (cm) a 64.3 5.2 75.4 3.9
BMI (kg/m2) a 18.1 1.5 23.3 2.1
Body fat (%) a 17.2 5.4 31.4 5.1
Fat mass (kg) a 8.0 2.6 18.7 3.3
Fat free mass (kg) 39.2 8.3 41.5 8.5
Physical activity (Baecke total) 8.4 0.6 8.1 1.4
Baecke school 2.5 0.3 2.5 0.3
Baecke sports 3.1 0.4 2.8 0.9
Baecke leisure 2.8 0.3 2.8 0.5

Physical activity
(kCounts/day) a, b

54.4 11.2 46.1 6.9

Physical activity
(kCounts on sports afternoon) b, c

34.7 6.6 36.3 6.9

a Lean vs. overweight, pb0.05 (t-test).
b kCounts as measured with accelerometers (Tracmor-4).
c Lean (n=13), overweight (n=11).
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labelled water method; it was proven to be a reliable tool for
assessment of physical activity [11]. The main conclusion from
previous studies [12–16] is that physical activities, expressed
as activity counts, representing numbers and sizes of move-
ments, were reduced in obese adolescents [15], yet given the
performance regarding weight bearing activities that they
undertake, their activity induced energy expenditure is not
reduced compared to their lean counterparts. To follow this up,
we assessed whether only possible differences in physical
activity counts representing numbers and sizes of movements in
daily life are reduced, or whether also during identically
structured and instructed sports activities a difference in
performing these activities would appear, for instance in how
vigorously the movements would be performed. Overweight
children may for example move less intensively or take more
small breaks when performing similar activities. The main
research question was: do possible differences in physical
activity between overweight and normal weight children relate
to physical activity under habitual daily life conditions or to
physical activity expressed during structured sports activities?

2. Methods

2.1. Study design

Subjects were recruited from a Dutch Caucasian birth-cohort
of children born between 1990 and 1993 [17,18]. As infants,
these children and their mothers participated in i) a study of
essential fatty acids during pregnancy and pregnancy outcome
[16], and ii) a study, performed between 1997 and 2000, about
the long-term effects of fetal essential fatty acid availability
[18]. Anthropometric data were available from these children.
No interventions were carried out. To evaluate the development
of overweight and related parameters, a follow-up study was
performed in 2004 [19]. In this whole group of 105 children, 16
children were overweight. These 16 overweight children and 16
matched (for age, height and gender) controls from the same
cohort were asked to wear a tri-axial accelerometer (Tracmor-4)
for one week. Two overweight children and one lean child
refused. In total, 29 children (14 overweight/15 lean) wore the
Tracmor for 7 consecutive days (Table 1). Also, their activity
counts were measured during an organized sports afternoon
(Table 1), where the children (n=24) performed activities
according to exactly the same activity protocol. In addition,
measurements of children's reported activity score (Baecke
questionnaire) and body composition were executed.

Each child and one of his or her parents gave written informed
consent to participate in the study, which was approved by the
CCMO (Central Committee Human Research in TheHague) and
by the Medical Ethical Committee of the Maastricht University
Hospital.

2.2. Measurements

2.2.1. Physical activity
Physical activity can easily be estimated with the Baecke

questionnaire. The Baecke questionnaire consists of three
components: work activity, sports activity and leisure activity
[20,21] and has been validated using doubly labelled water [22].
For the children, the work index was replaced by a school index
with similar questions (e.g. “When I am in school, I walk..
“never/seldom/sometimes/often/all the time?”).

To measure physical activity more accurately, daily move-
ments were assessed with a tri-axial accelerometer for move-
ment registration (Tracmor, Philips Research, Eindhoven, The
Netherlands). In children, in a wide weight range including
overweight children, the Tracmor has been validated against
doubly labelled water by Hoos et al. [23,24]. The Tracmor-4
contains three uni-axial piezo-electric accelerometers, measures
7.2×2.6×0.7 cm, and weighs 22 g (battery included) [11]. It is
attached to the lower back by means of an elastic belt, mea-
suring accelerations in the antero-posterior, medio-lateral and
longitudinal axis of the trunk. The Tracmor provides minute-by-
minute data for all three axes separately, which are then in-
tegrated. For this study, Tracmor output was defined as in-
tegrated activity counts per day (for the sum of all three axes),
which is the sum of all counts over 7 days divided by 7. Subjects
were instructed to wear the Tracmor for 7 consecutive days,
during waking hours, except while showering or swimming.
The parents of the children recorded times in a log when the
children woke up, when the Tracmor was put on and taken off,
and when the children went to bed. According to the protocol,
the difference between sleeping time (9.9±0.9 h) and hours of
wearing the Tracmor (12±1.3 h) was 2 h per child.

A sports afternoon was organized, where 24 children (13 lean
and 11 overweight) participated, and again wore the Tracmor. At
the gym, they were instructed to perform activities according to a
same structured protocol. Activities included walking, running,
stretching, street dance, and different ball games. All activities
were guided by two sports instructors.



Fig. 1. kCounts physical activities/day during daily life as a function of % body
fat in 29 normal weight and overweight children, ages 12.1±1.1 yrs (black
squares); r2=0.29; pb0.01. kCounts of % body fat (open circles) (ns).
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2.2.2. Anthropometry
The children's height was measured using a wall-mounted

stadiometer accurate to 0.1 cm (Seca, model 220, Hamburg,
Germany) and body weight (BW) was measured using a digital
balance accurate to 0.1 kg (Sauter D7470, Ebingen, Germany).
Measurements were executed in underwear, after an over-
night fast and after voiding. BMI was calculated as BW/height2

(kg/m2). BMI in childhood changes substantially with age. To
define normal, overweight and obesity in children, we used
the age and sex specific cut off points described by Cole et al.
[4]. The waist circumference was measured at the site of the
smallest circumference between the rib cage and the ileac crest,
with the subjects in standing position.

2.2.3. Body composition
Body composition was measured using the deuterium

dilution technique. 2H2O dilution was used to measure total
body water (TBW). Subjects were asked to collect a urine
sample in the evening just before drinking the deuterium-
enriched water solution. After ingestion of this solution, no
further consumption was allowed. Ten hours after drinking
the water solution, another urine sample was collected. The
dilution of the deuterium isotope is a measure of the TBW of
the subject. Deuterium was measured in the urine samples
with an isotope ratio mass spectrometer (Optima, VG Isogas,
Middlewich, Cheshire, England). TBW was obtained by di-
viding the measured deuterium dilution space by 1.04. Fat
free mass (FFM) was calculated by dividing TBW by the
hydration factor 0.73 [25–27]. Fat mass (FM) was deter-
mined as BW–FFM.

2.3. Data analysis

Tracmor output was defined as integrated activity counts per
day (for the sum of all three axes), which is the sum of all counts
over 7 days divided by 7. This was done individually for
wearing hours/day (12±1.3 h/d, which is 24 h minus 2 h
preparations, minus sleeping time: 9.9±0.9 h/d). For the sport
afternoon, Tracmor output was defined as total activity counts,
which is the sum of all counts registered on that afternoon. First
of all, the relationship between the Baecke scores and Tracmor
output in children was compared to the validation for adults by
Philippaerts et al. [28]. Similar to the observed relationship in
adults (r=0.37 (pb0.001)), we found a correlation of the total
mean Tracmor counts and the Baecke sports index of r=0.37
(pb0.05). Daily physical activity in counts per day as well as in
Baecke scores was compared between lean and overweight
children using an independent t-test. An independent t-test was
also used to compare the Tracmor total counts on the sports
afternoon between the lean and overweight children. With a
two-factor ANOVA repeated measures analysis it was assessed
whether the difference in daily counts and structured counts
was different between overweight and normal weight children.
Daily physical activity counts as well as structured physical
activity counts was also expressed as a function of percent-
age body fat. For all statistics Statview SE Graphics™ for
Macintosh was used. All statistical tests were two-sided and
differences were considered significant at pb0.05. Values are
expressed as mean±standard deviation (SD).

3. Results

Obviously, overweight children had a significantly higher
BW, BMI, waist circumference, % body fat and fat mass than
the lean children. The children showed good compliance with
wearing the Tracmor. All of them kept the protocol of wearing
the Tracmor from 1 h after getting up until 1 h before being in
bed again. Mean duration of wearing was 12.1±1.2 h per day in
lean children and 11.9±1.4 h per day in overweight children.
This did not differ significantly between the lean and over-
weight children ( p=0.84).

Overweight children had a significantly lower Tracmor reg-
istration (46.1±6.9 vs. 54.4±11.2 kCounts/day, p=0.02), while
the reported physical activities (score on Baecke questionnaire)
were not statistically different (Table 1). During the organized
sports afternoon, when all activities were performed according
to the same structured protocol, during exactly the same period
of time, there was no difference in Tracmor registration between
the overweight and the lean children (overweight: 36.3±6.9 vs.
lean: 34.7±6.6 kCounts, p=0.6). The difference between ac-
tivity counts during average daily life and during the sports
afternoon was different between the normal weight and
overweight children ( pb0.05). For normal weight children
this difference was considerable ( pb0.0001), for the overweight
children it was also present, yet less pronounced ( pb0.01).
Fig. 1 shows the individual values of activity counts during daily
life as well as during the sports afternoon, both as a function of
percentage body fat. It shows a significant inverse relationship
between daily physical activities and percentage body fat, yet not
for structured activities and percentage body fat. Here it is also
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illustrated that in normal weight children the level of physical
activities during their daily life is considerably higher than the
level of the structured sports activities on one day, while for
overweight children the physical activities during the sports
afternoon represent most of the activities they perform during an
average day.

There was no gender effect on physical activity counts, neither
in the overweight nor in the normal weight population. In daily
life these figures were: overweight: men: 47.4±5.1 kCounts;
women 44.7±5.2 kCounts (ns); normal weight: men: 59.4±
6.2 kCounts; women: 48.6±7.1 kCounts (ns). During the sports
afternoon these figureswere: overweight:men39.4±5.3 kCounts;
women: 32.4±4.7 kCounts (ns); normal weight: men: 36.2±
4.9 kCounts; women: 32.8±4.5 kCounts (ns).

4. Discussion

This study confirms that overweight children have lower
free-living activity counts than lean children. On the other hand,
their reported activities were not statistically different. When
performing activities according to the same structured protocol,
there was no difference in accelerometer output (kCounts),
which shows that the movements of overweight children during
specific activities were similar to lean children.

When the children were in their typical living environment,
where they were free to move as much or as little as they liked,
and were free to choose their own types of activities, overweight
children moved significantly less than their lean counterparts.
This cannot be due to differences in sleeping time or in hours of
wearing the Tracmor, since there were no statistically significant
differences in sleeping time or wearing hours.

The famous study by Mayer et al. [7], published in 1956,
serves as the historical background of this research. The topic
was on relations between caloric intake, body weight and
physical work. The groups of employees who were relatively
sedentary (13 stallholders, 8 supervisors and 22 clerks) had on
average a higher energy intake and a higher body weight than
employees who were engaged in light physical work, leading to
the suggestion that there may be a relationship between physical
activity and obesity. Yet the group this comparison was ex-
ecuted with, was not completely matched. On examining the
data it can be seen that the clerks who were sedentary had a
higher food intake but a lower body weight than the 28 clerks
who were assigned to ‘light’ work [29]: so this observation may
not support a possible relationship between physical activity
and the development of obesity.

The present study is limited by its cross-sectional design, so
conclusions as to whether an inactive lifestyle causes obesity or
whether obesity leads to an inactive lifestyle cannot be drawn.
However, it clearly shows differences in physical activity be-
tween overweight and lean children. These findings are con-
sistent with other data in children and adolescents [12–16].
Furthermore, this study shows that there was no difference in
reported physical activity (as measured with the Baecke
questionnaire) between both groups, which indicates that the
overweight children in fact overestimated their activities.
Similar to underreporting food intake [30–32], physical activity
is generally overreported, especially in the overweight [33],
which offers an explanation of the overestimated physical ac-
tivity in the overweight children. This also explains the limited
though significant explained variation in the Baecke scores by
the Tracmor counts.

Guided by two sports instructors during an organized sports
afternoon, the overweight and lean children performed activities
according to the same structured protocol. Here, the results
showed that the Tracmor movement registration (kCounts) of
the overweight and lean children was not statistically different.
This implicates that only in free-living daily circumstances,
when children are free to choose and perform their own pre-
ferred activities, there was a significant difference in physical
activity counts between overweight and lean children. The fact
that overweight children moved less in these circumstances, in
terms of activity counts as measured by accelerometers, does
not necessarily mean that their energy expenditure is also lower.
Basal metabolic rate (BMR), total energy expenditure (TEE),
activity-related energy expenditure (AEE=TEE−BMR) or
physical activity level (PAL=TEE/BMR) have frequently
been reported to be the same between overweight and lean
children [15,34–36]. This can be explained by the increased
energy cost of moving a larger body mass, by a difference in
body acceleration (i.e. activity counts), by a difference in
movement economy, or by a combination of these factors [15].
Also, the calculation of activity induced energy expenditure
(AEE) from Tracmor counts consists of a formula that takes
anthropometry details into account, i.e. PAL=a⁎ average
Tracmor counts/day+b (r=0.79, pb0.01 for regression PAL
and Tracmor counts) [22]. Since PAL is defined as TEE/BMR,
and TEE=BMR+AEE+DIT (diet induced thermogenesis), and
since BMR is determined by body mass, the equation shows
that for the same PAL, overweight children need more AEE than
lean children [23].

Recently, Page et al. (2005) performed a comprehensive
study in which they looked at physical activity patterns in
children [12]. They found that 25 obese children were sig-
nificantly less physically active than their 108 non-obese
counterparts. Physical activity was measured with CSA accel-
erometers during waking hours when carrying out their normal
daily activities for seven days. Comparing our results to the
results of Page et al., both reported that overweight children
indeed move less than lean children. In addition, from our study
we can conclude that it is truly the initiative to move instead of
the intensity of moving, that is lower in the overweight children.
Page et al. (2005) measured a large sample of children. The
present study measured a relatively small group of children, but
with the use of the tri-axial Tracmor-4, which measures daily
physical activity more accurately than the uni-axial CSA's [11],
we were able to show significant differences even with a small
number of subjects. Both studies show, that only firm con-
clusions on physical activity can be drawn from measured
physical activities, by accelerometers validated against energy
expenditure.

Taken together, firstly we confirm that, in their typical living
environment, overweight children move significantly less than
lean children, while at the same time they overestimated their
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activities. The new aspect of this study however is that when
performing activities in accordance with exactly the same
activity protocol, there was no difference in Tracmor output
between overweight and lean children, which shows that the
movements during specific activities were similar. This im-
plicates that once children are overweight, they still can perform
structured sports activities as well as their lean counterparts. It is
the reduced spontaneous physical activities that may contribute
to or even promote their overweight status. Therefore, in order
to prevent progressive overweight or obesity, overweight chil-
dren should be offered to take part in as many different struc-
tured and scheduled sports activities throughout the week, e.g.
school-gym, socker, field-hockey, swimming, and athletics, as
well as being encouraged to behave more actively in daily life.
Since it is a Dutch population, the policy that could be derived
from this is facilitating and promoting the school-gym and
school swimming lessons again that have been under debate
recently. Furthermore, infrastructure, such as sidewalks is
present, and bikes are abundantly available, so these aspects
do not need further encouragement.
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