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Abstract
Background: The health benefits of physical activity for children are well established. Although
objective measures of physical activity are increasingly used there is still a lack of adequate data on
physical activity in children. Sex differences in physical activity have been consistently demonstrated
and lower levels of physical activity in obese than non-obese children have been shown. However,
differences across the whole weight spectrum have not been examined in detail. The aim of this
study was to assess associations between physical activity and sedentary time across the weight
spectrum in children, and to determine whether the associations differed by sex.
Methods: Participants in the current study were 176 boys and 169 girls aged 8–9 years old taking
part in a longitudinal study of associations between eating behaviours, physical activity and weight
gain during childhood. Height, weight and waist circumference were measured, and physical activity
data were collected using an Actigraph model GT1M worn for 5 consecutive days. Associations
between sex, weight and physical activity were analysed using linear regression models.
Results: Boys had higher total activity (mean difference = 119, p < 0.001) and more minutes of
moderate and vigorous physical activity (MVPA) (mean difference = 25, p < 0.001) than girls. A
higher percentage of boys (72%) than girls (30%) met current physical activity guidelines of 60
minutes MVPA per day. In boys, weight status significantly predicted total activity (p = 0.001) and
MVPA (p = 0.001) but there were no significant associations in girls. There was no significant
difference in time spent sedentary between boys and girls, and weight status did not predict
sedentary time.
Conclusion: In boys, physical activity was progressively lower across the weight spectrum, but in
girls physical activity was consistently low across all weight categories. Intervention is required
prior to 8 years old to prevent weight-related declines in physical activity in boys and further
research is required to determine at what age, if ever, weight related differences in physical activity
are apparent in girls.
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Background
The health benefits of physical activity are well established
and for children they include avoidance of weight gain
and hypertension, increased bone mineral density and
improvement of mental health [1]. A recent review recommended that children should be active for at least 60 minutes a day at a moderate to vigorous intensity for optimal
health benefits [2]. Although objective measures of physical activity are increasingly being used there is still a lack
of data on children's physical activity [3] especially with
regard to the association with weight status. Sedentary
lifestyle patterns have been associated with obesity in children and adolescents [4]. A recent review of sedentary
behaviour and obesity development in children concluded that while sedentary behaviours, especially TV
viewing, are associated with obesity there is no evidence
that sedentary behaviour displaces physical activity [5].
Several studies have also shown a negative association
between body fat and vigorous physical activity [6-8] and
total activity [9,10] as well as a positive association with
TV viewing [11]. It is therefore important to consider associations between both physical activity and sedentary
behaviour and weight [11].
Sex differences in children's physical activity are well
established, with boys showing greater levels of total
activity and moderate to vigorous intensity physical activity (MVPA) than girls from age 4 upwards [3,12-14]. Differences in physical activity have also been demonstrated
between obese and non-obese adults [15] adolescents
[6,16] and children [3,11,17,18], with obese individuals
showing lower levels of physical activity. Sex-by-weight
interactions have been observed in adults [15] and children [19], with large differences in physical activity
between obese and non-obese males and small or no differences between obese and non-obese females. A recent
review [3] alluded to sex differences in the association
between physical activity and weight, but a number of
studies have failed to find this effect [8,16,18].
Although it appears that physical activity is associated
with weight, and that sex may moderate the association,
existing studies are based on comparisons between obese
cases and non-obese controls. Adiposity has an approximately normal distribution [20] and a behavioural susceptibility model of obesity has been proposed which
conceives appetitive and activity traits as a continuum to
explain variation across the continuum of weight [20,21].
Psychometric [20] and behavioural measures of eating
traits that are know to be linked to obesity show a graded
association across the weight spectrum [22]. We are not
aware of any existing studies that have examined associations with physical activity in this way. As activity is a vital
component of the energy balance equation, it is reasonable to assume that physical activity may also show graded
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associations across the weight spectrum rather than just
being 'abnormal' in obese individuals.
Population level data on physical activity levels in children are still sparse, especially in the UK [3]. However,
numerous studies have shown large declines in physical
activity from late childhood to early adolescence especially in girls [23-25] and it has recently been suggested
that the decline begins before the teenage years [26].
Therefore, the purpose of this study was to examine associations between activity/sedentary time and weight
across the whole spectrum of adiposity in pre-adolescent
children, and determine whether the associations differed
by sex. Associations between activity/sedentary time and
other measures of adiposity (body fat and waist circumference) were also examined.

Methods
Participants
Participants were children aged 8–9 years old taking part
in the Physical Exercise and Appetite in CHildren Study
(PEACHES), a longitudinal study of associations between
eating behaviours, physical activity and weight gain during childhood. Invitation letters were sent to all parents of
all children in Years 3 and 4 in five schools in London, UK
(n = 531). At baseline, 400 children were weighed and
measured. Anthropometric and physical activity data were
collected from all participating children when they were
in Year 4. Activity data were collected from 345 children
(176 boys and 169 girls). The study was approved by the
University College London Committee on the Ethics of
Non-NHS Human Research.
Measures
Socio-demographic data
Schools provided the date of birth, sex, postcode and ethnicity of participating children. Socioeconomic status
(SES) was classified by area-level socioeconomic deprivation by matching postcodes to 1991 census data to derive
Townsend scores [27]. For dwellings built after 1991 and
where postcodes were missing the average Townsend
score for the school was used. Due to small numbers in
each of the wide variety of non-white ethnic groups, children were classified as 'white' or 'non-white' for analysis.
Anthropometry
Trained researchers weighed and measured children using
standardised protocols. Height was measured in bare feet
using a Leicester height measure (Seca, Birmingham, UK)
and recorded to the nearest millimetre. Weight and fat
mass were measured in light indoor clothing using the
Tanita TBF-300MA Body Composition Analyser (Tanita
Corporation, Tokyo, Japan) and recorded to the nearest
tenth of a kilogram. Waist circumference was measured
over a single layer of clothing 4 cm above the navel using
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Seca 200 circumference measuring tape [28]. Inter-rater
reliability of anthropometric measurements was calculated in a subsample of children (n = 30) and high correlations of 1.0, 0.99, 0.99, 0.89 were found for weight, fat
mass, height and waist circumference respectively.
Physical Activity
Children were asked to wear an Actigraph model GT1M
for 5 consecutive days including 2 weekend days. The Actigraph (formerly CSA/MTI) is the most commonly used
accelerometer in physical activity research [29] and has
been validated for use in children [30,31]. The monitors
were set to record in one minute epochs and were worn on
an elastic belt with the monitor placed on the right hip
during waking hours and only removed for bathing,
showering and swimming. To maximise compliance two
level incentive schemes were employed: a prize draw and
a girl/boy competition. Each child who wore their monitor every day was awarded a ticket for a prize draw to win
a £25 gift voucher. In addition, accelerometers were personalised using cartoon character stickers to create Team
Angel (girls) and Team Arnie (boys) and each child in the
team with the highest compliance received a £5 gift
voucher.
Data treatment and statistical analysis
BMI was calculated as weight (kg)/height (m2). BMI and
waist circumferences were transformed into age- and gender-appropriate BMI sd and waist sd scores based on the
British 1990 reference data [32] using the Imsgrowth
macro (from http://homepage.mac.com/tjcole). The
same program was used to group children according to
the International Obesity Taskforce (IOTF) cut-offs for
healthy-weight, overweight, and obesity [33] and the
recently proposed criteria for underweight (thinness grade
1, 2 or 3) [34]. Due to small numbers in the obese category, overweight and obese groups were combined. In
addition, the healthy weight category was subdivided into
lower-healthy-weight (50th centile or under but not meeting criteria for underweight) and higher-healthy-weight
(above 50th centile but not meeting criteria for overweight) to examine the distribution of physical activity
across the adiposity continuum. Fat mass index (FMI)
[35] was calculated by dividing fat mass (kg) by height
(m1.28) to adjust for body size. The optimal power to raise
height (1.28) was derived from the data so that the relationship between fat mass and height was removed [36].

Actigraph files were processed using a custom written programme (MAHUffe: http://www.mrc-epid.cam.ac.uk/
Research/PA/Downloads.html). Time periods of at least
10 minutes of continuous zeros were considered to represent removal of the monitor and were excluded [37,38]
and only days with a registered time of at least 600 minutes were included for analysis. Visual inspection of the
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data indicated that while some children had removed the
monitor at night others continued to wear the monitor for
24 hours. Therefore, only data recorded between 7 am – 9
pm were analysed in order to allow comparability
between children. Total physical activity was calculated as
the average accelerometer counts/min over the full period
of valid recording. The amount of time spent sedentary (<
100 counts/min), and in light (100–1999 counts/min),
moderate (2000–3999 counts/min), vigorous (4000–
6999 counts/min) and very vigorous (> 7000 counts/
min) activity were calculated per valid day. A cut-off of
2000 cpm has been used previously in a large sample of 9
year olds to indicate time spent in at least moderate activity [39]. Moderate and vigorous physical activity (MVPA)
was calculated as the sum of moderate, vigorous and very
vigorous activity per day. Previous research has shown
that 3 days of at least 600 minutes gave reliability and
power > 90% [40], and therefore only children with at
least 3 days (including at least 1 weekend day) of valid
data were included for analyses.
Analyses were carried out using SPSS (Version 14; SPSS
Inc, Chicago, IL). Linear trends were used to examine
physical activity across the weight spectrum. As the distribution of weight in our sample was representative of the
UK population (HSE, 2006; data publicly available from
the UK Data Archive: http://www.data-archive.ac.uk) the
weighted linear term was appropriate. We used linear
regression analyses to assess the relations between BMI sd
score and physical activity. Sex differences in physical
activity (total and MVPA) have been widely reported and
significant sex by BMI interactions were apparent in our
data. Therefore all analyses were stratified by sex. We
examined whether the association between either BMI sd
score, fat mass index or waist sd score and physical activity
were modified by area-based deprivation or ethnicity.
Similar analyses were also carried out for time spent sedentary although there were no significant sex by BMI interactions so combined results are presented. The intraclass
correlation between school and total physical activity,
MVPA and sedentary time were below the conventional
value of 0.05 and the number of clusters was small (5),
therefore correction for clustering was not appropriate
[41].

Results
Compliance (at least 3 days of 600 minutes or more of
valid data) was achieved by 301 (88%) participants. The
mean number of days the monitor was worn for those
included was 4, and in each subgroup the mean was also
4. For the majority of children (257) the monitor was
worn for 2 week days and 2 weekend days. There were no
differences in age, sex, BMI sd score, SES or ethnicity
between children who did and did not achieve full compliance. Total activity (counts/min) and minutes of MVPA
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were significantly higher in children who provided less
than 3 days of valid data compared to those who provided
3 or more days of valid data (t = 3.03, df = 338, p = 0.003,
effect size = 0.52 and t = 2.75, df = 338, p = 0.006, effect
size = 0.47 respectively).
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models with weight as a continuous variable and adjusted
for SES and ethnicity were also significant for total activity
(β = -0.26, p = 0.002) and MVPA (β = -0.28, p = 0.001).
For girls there was no significant linear trend and the
regression models were not significant for either total
activity or MVPA.

Descriptive statistics and physical activity data are shown
in table 1. Boys had higher levels of total activity (t = 7.2,
df = 299, p < 0.001) and MVPA (t = 8.8, df = 267, p <
0.001) than girls. A higher percentage of boys met current
physical activity guidelines of 60 minutes MVPA per day.
Descriptive statistics and physical activity levels for each
weight category are shown in table 2.

Figure 2 shows time spent sedentary for boys and girls.
There was no significant difference in sedentary time
between boys and girls and no significant linear trend
across the weight spectrum. There was no significant sexby-BMI interaction so data were combined for regression
analyses. A linear regression model adjusted for sex, SES
and ethnicity was not significant.

We examined physical activity across the weight spectrum
in boys and girls (figure 1). For boys total activity and
MVPA were progressively lower from thin to overweight/
obese groups, with a significant linear trend for total activity (p = 0.002) and MVPA (p = 0.002). Linear regression

Similar results were obtained when adiposity was indexed
by fat mass index or waist sd score. All models were
adjusted for SES and ethnicity. Analyses were done separately by sex because of the significant sex by BMI interac-

Table 1: Descriptive statistics and main physical activity variables

All (n = 301)

Boys (n = 155)

Girls (n = 146)

P value¥

Age (years)

8.6 (0.4)

8.7 (0.4)

8.8 (0.6)

> 0.05

Height (cm)

134.0 (6.7)

134.2 (6.8)

133.9 (6.7)

> 0.05

Weight (kg)

30.5 (6.9)

30.7 (7.0)

30.3 (6.8)

> 0.05

BMI SDS*

0.15 (1.32)

0.20 (1.38)

0.09 (1.25)

> 0.05

Waist SDS±

0.87 (1.04)

0.97 (1.05)

0.77 (1.02)

> 0.05

Fat mass index (kg/m1.28)

4.4 (3.0)

4.2 (3.0)

4.6 (3.0)

> 0.05

Socioeconomic status

4 (4)

4 (3)

4 (3)

> 0.05

46

48

44

> 0.05v

Total activity (counts/min)

606 (154)

663 (150)

544 (134)

< 0.001

Sedentary activity$ (min/day)

330 (119)

321 (109)

338 (128)

> 0.05

66 (28)

78 (29)

53 (19)

< 0.001

52

72

30

< 0.001v

Ethnicity≠

MVPA+ (min/day)
Percentage meeting recommended activity level∞

All values are mean (SD) unless otherwise stated
*Body mass index standard deviation score
± Waist standard deviation score
Measured using the Townsend index score with imputed values from school postcode, UK average is zero with positive score representing higher
than average deprivation
≠Percentage white
$Cut points used: Sedentary < 100; Light 100–1999; Moderate 2000–3999; Vigorous 4000–6999; Very Vigorous 7000+
+Moderate to vigorous physical activity
∞Recommended activity level ≥ 60 min of MVPA activity daily
¥ Independent samples T-test
√Chi squared test
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Table 2: Descriptive statistics and physical activity levels by weight group

Thinness grade 1 or 2
(n = 44)

Lower normal weight
(n = 96)

Higher normal weight
(n = 102)

Overweight and Obese
(n = 59)

P for trend*

Height (cm)

130.8 (6.5)

132.2 (6.4)

134.5 (6.3)

138.6 (5.6)

< 0.001

Weight (kg)

23.4 (2.5)

26.4 (2.7)

31.3 (3.4)

41.0 (5.3)

< 0.001

BMI SDS*

-1.81 (0.47)

-0.65 (0.36)

0.63 (0.40)

2.1 (0.54)

< 0.001

Waist SDS±

-0.32 (0.65)

0.28 (0.55)

1.09 (0.55)

2.35 (0.55)

< 0.001

Fat mass index (kg/m1.28)

2.1 (1.6)

2.8 (1.4)

4.3 (1.5)

8.9 (3.1)

< 0.001

Overall activity
(counts/min)

651 (179)

616 (173)

590 (135)

582 (127)

0.013

Light activity (min/day)$

364 (62)

358 (56)

366 (58)

390 (49)

0.006

Moderate activity (min/
day)$

59 (21)

55 (23)

53 (21)

52 (18)

0.085

Vigorous activity (min/
day)$

14 (12)

12 (11)

10(8)

7 (5)

< 0.001

2 (2)

1 (2)

1 (2)

0.3 (0.6)

< 0.001

Sedentary activity$
(min/day)

314 (52)

327 (89)

325 (128)

353 (169)

0.146

MVPA+ (min/day)

74 (31)

68 (31)

64 (26)

59 (21)

0.002

68

55

47

42

0.042v

Very vigorous activity (min/
day)$

Meeting recommended
activity level (%)∞

All values are mean (SD) unless otherwise stated
* Oneway ANOVA with 4 weight groups used to calculate p for linear trend
$Cut points used: Sedentary < 100; Light 100–1999; Moderate 2000–3999; Vigorous 4000–6999; Very Vigorous 7000+
+Moderate to vigorous physical activity
∞Recommended activity level ≥ 60 min of MVPA activity daily
√Chi squared test

tions. There was a significant association between fat mass
index and total physical activity (β = -0.27, p = 0.001) and
MVPA (β = -0.31, p < 0.001) in boys but no associations
in girls. There was a significant association between waist
sd score and total physical activity (β = -0.26, p = 0.002)
and MVPA (β = -0.31, p < 0.001) in boys but no associations in girls.
There were no significant interactions with sex in models
of sedentary time, therefore all models were run on both
sexes combined and adjusted for age, sex, SES and ethnicity. There was a significant positive association between
fat mass index and sedentary time (β = 0.18, p = 0.002),
but no significant association between waist sd and sedentary time.

Discussion
The purpose of this study was to characterise physical
activity in children aged 8–9 years old and examine associations with sex and weight status. As has been demonstrated in children from 4 years upwards [12,13] boys had
higher total activity and MVPA than girls. More than twice
the number of boys (72%) than girls (30%) met the current UK children's physical activity guidelines of 60 minutes MVPA per day [2]. In addition to sex differences in
physical activity, there were differences between the sexes
in the association between physical activity and weight. In
boys there was a graded decrease in total physical activity
and MVPA from thinness grade 1 and 2 through the lower
and higher healthy weight groups to overweight/obesity,
whereas no weight-related differences in physical activity
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Figure
Total physical
1
activity ± SE by International Obesity Task Force (IOTF) Body Mass Index (BMI) category for girls and boys
Total physical activity ± SE by International Obesity Task Force (IOTF) Body Mass Index (BMI) category for girls and boys.
Girls are in dashed lines and boys are represented by continuous line. A significant p-value (0.002) for trend was observed in
boys but not girls.

were seen in girls. In contrast, no sex differences were seen
in sedentary time and fat mass index was significantly
associated with sedentary time in both boys and girls.
No effects of socioeconomic position or ethnicity were
seen in this study. Two previous UK studies have also
shown no effect of socioeconomic position on physical
activity or sedentary behaviour [3,42].
Total activity (counts/min) and minutes of MVPA were
significantly higher in children who provided less than 3

days of valid data compared with those who provided 3 or
more days of valid data. A small measurement effect of
wearing the monitor has been reported previously [3,40]
which may account for the higher levels of activity being
recorded in children with fewer days of data.
Higher levels of physical activity in non-obese than obese
children have been demonstrated [3,6,11,15-18] and our
results confirm previous findings in adults [15] and children [19] of differential effects of sex by weight. However,
we believe this is the first study to show sex differences in
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Figure
Time spent
2 sedentary ± SE by International Obesity Task Force (IOTF) Body Mass Index (BMI) category for girls and boys
Time spent sedentary ± SE by International Obesity Task Force (IOTF) Body Mass Index (BMI) category for girls and boys.
Girls are in dashed lines and boys are represented by continuous line. There was no significant trend for boys or girls.

the association between physical activity and weight status across the whole weight spectrum. The graded negative
association between physical activity and weight status in
boys is consistent with the theory that physical activity can
be an important contributing factor to the development of
obesity [43]. However, the lack of association in girls warrants further investigation. It has previously been suggested that very low levels of physical activity in obese or
non-obese girls masks differences by weight status [19]
and our data confirm very low levels of activity in girls
across the weight spectrum. Coupled with the small
number of girls meeting current physical activity guide-

lines, these findings indicate that physical activity promotion in girls should start at a very young age to prevent the
universally low levels of activity that are already present
by age 8 years. It is worth noting that a recent longitudinal
study in children aged from 5 to 8 years showed no
changes in physical activity over time in either boys or
girls [44]. This may indicate that the lack of physical activity in girls observed in the current study at age 8 would
have already been present at age 5. It is therefore important to determine when, if ever, they show a graded association between physical activity and weight.
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It is worth noting that the highest level of physical activity
in our study was seen in boys in the thinness grade 1 and
2 categories which some may consider as an unhealthy
weight. However, the IOTF thinness grades 1, 2 and 3 cutpoints used in this study were only published in 2007 [34]
and previously there was no guideline for clinical underweight in children. Thinness grades 1, 2 and 3 are equivalent to BMI at age 18 of 18.5, 17 and 16 respectively [34].
We had no children in grade 3 (the most severely underweight category) and only 7 children in grade 2. Therefore, the majority of children in the lowest weight category
were in grade 1 and would not be considered clinically
underweight. It is likely that previous research showing
adverse health behaviours and outcomes associated with
thinness referred to clinically underweight or failing-tothrive children.
Associations between physical activity and the two other
indices of adiposity (fat mass index and waist circumference) were remarkably similar to those with BMI sd score.
In boys there was a negative association between physical
activity and both fat mass index and waist circumference
whereas no significant associations were seen in girls. Previous studies have shown that vigorous physical activity
[6-8] and total activity [9,10] are negatively associated
with body fat but these studies did not examine the results
separately by sex. Our results support the existence of this
relationship in boys but not girls. Given the apparently
robust findings of little or no association between physical activity and weight in girls from the current and previous [3,19] studies, this suggests that studies using
combined sex samples may have missed the differential
associations.
We found no significant associations between sedentary
activity and weight or waist circumference, but there was
a significant positive association between sedentary time
and fat mass index in boys. Although previous studies of
sedentary activities and obesity have been equivocal [5],
TV viewing has been independently associated with body
fatness [5,11]. We have no way of knowing the types of
sedentary behaviour our participants were involved in but
future research should attempt to determine the specific
association between different types of sedentary behaviours and measures of adiposity. This finding highlights
the importance of assessing both physical activity and sedentary behaviour as high levels of both can occur within
individuals, as seen in thinness grade 1 and 2 boys in the
current study.
This study benefited from an ethnically and socio-economically diverse sample, which contributes to the generalisability of the findings. However, the cross-sectional
nature of the study means that it is not possible to determine causal effects, i.e., whether low physical activity or
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high levels of sedentary behaviour lead to higher adiposity, or higher adiposity leads to decreased activity or
increased sedentary time. A further limitation of the current study is that accelerometers are not able to capture
swimming, cycling or load-bearing activities. Additionally, although 3 days of recording of at least 600 minutes
gave reasonable reliability and power [40], it may not
fully represent the individual's true activity. However,
although this might weaken the association between
physical activity and weight, the error introduced is random and should not introduce bias to the findings [39]. It
has been suggested that epochs of 1-minute are not sufficiently sensitive to accurately reflect children's short bursts
of activity [45] and our results may therefore underestimate time spent in MVPA. However, associations between
sex and weight and MVPA were remarkably similar to the
associations with total activity, which should not be susceptible to this measurement error.

Conclusion
In summary we have demonstrated sex differences in the
association between physical activity and adiposity. In
boys there was a negative association between physical
activity and weight status, no such association was seen in
girls. Previous research has found that obese boys are less
active than non-obese boys. The current findings indicate
that rather than there being a threshold of weight above
which physical activity declines, there is a continuous negative association between physical activity and weight in
boys. The lack of a graded association in girls may be
because all girls in this sample were very inactive and further research is required to determine at what age, if ever,
weight-related differences in physical activity are apparent
in girls.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
JW and CH devised the PEACHES study. LP, KC and JS
prepared the data for analysis. LP devised the current
study, analysed the data and drafted the manuscript. All
authors contributed to the final draft of the manuscript.

Acknowledgements
This research was funded by Cancer Research UK.

References
1.
2.

3.

Department of Health: At least five a week: Evidence on the
impact of physical activity and its relationship to health. London 2004.
Strong WB, Malina RM, Blimkie CJR, Daniels SR, Dishman RK, Gutin
B, Hergenroeder AC, Must A, Nixon PA, Pivarnik JM, et al.: Evidence
Based Physical Activity for School-age Youth. The Journal of
Pediatrics 2005, 146:732-737.
Riddoch CJ, Mattocks C, Deere K, Saunders J, Kirkby J, Tilling K,
Leary SD, Blair SN, Ness AR: Objective measurement of levels
and patterns of physical activity. Arch Dis Child 2007, 92:963-969.

Page 8 of 9
(page number not for citation purposes)

International Journal of Behavioral Nutrition and Physical Activity 2008, 5:67

4.
5.

6.
7.

8.
9.
10.

11.

12.
13.
14.
15.

16.

17.
18.

19.
20.
21.
22.

23.

24.
25.

Rennie KL, Johnson L, Jebb SA: Behavioural determinants of
obesity. Best Practice & Research Clinical Endocrinology & Metabolism
2005, 19:343-358.
Rey-López JP, Vicente-Rodríguez G, Biosca M, Moreno LA: Sedentary behaviour and obesity development in children and adolescents. Nutrition, Metabolism and Cardiovascular Diseases 2008,
18:242-251.
Gutin B, Yin Z, Humphries MC, Barbeau P: Relations of moderate
and vigorous physical activity to fitness and fatness in adolescents. Am J Clin Nutr 2005, 81(4):746-750.
Ruiz JR, Rizzo NS, Hurtig-Wennlof A, Ortega FB, Warnberg J, Sjostrom M: Relations of total physical activity and intensity to fitness and fatness in children: the European Youth Heart
Study. Am J Clin Nutr 2006, 84:299-303.
Abbott RA, Davies PSW: Habitual physical activity and physical
activity intensity: their relation to body composition in 5.0–
10.5-y-old children. Eur J Clin Nutr 2004, 58:285-291.
Rowlands AV, Eston RG, Ingledew DK: Relationship between
activity levels, aerobic fitness, and body fat in 8- to 10-yr-old
children. Journal of Applied Physiology 1999, 86:1428-1435.
Rennie KL, Livingstone MBE, Wells JCK, McGloin A, Coward WA,
Prentice AM, Jebb SA: Association of physical activity with
body-composition indexes in children aged 6–8 y at varied
risk of obesity. Am J Clin Nutr 2005, 82(1):13-20.
Janz KF, Levy SM, Burns TL, Torner JC, Willing MC, Warren JJ: Fatness, Physical Activity, and Television Viewing in Children
during the Adiposity Rebound Period: The Iowa Bone Development Study. Prev Med 2002, 35:563-571.
Rowlands AV, Pilgrim EL, Eston RG: Patterns of habitual activity
across weekdays and weekend days in 9–11-year-old children. Prev Med 2008, 46:317-324.
Metcalf BS, Voss LD, Wilkin TJ: Accelerometers identify inactive
and potentially obese children (EarlyBird 3). Archives of disease
in childhood 2002, 87:166-167.
Trost SG, Rosenkranz RR, Dzewaltowski D: Physical activity levels among children attending after-school programs. Med Sci
Sports Exerc 2008, 40:622-629.
Cooper AR, Page A, Fox KR, Misson J: Physical activity patterns
in normal, overweight and obese individuals using minuteby-minute accelerometry. European Journal of Clinical Nutrition
2000, 54:887-894.
Ekelund U, Aman J, Yngve A, Renman C, Westerterp K, Sjostrom M:
Physical activity but not energy expenditure is reduced in
obese adolescents: a case-control study. Am J Clin Nutr 2002,
76:935-941.
Trost SG, Kerr LM, Ward DS, Pate RR: Physical activity and
determinants of physical activity in obese and non-obese
children. International Journal of Obesity 2001, 25:822-829.
Page A, Cooper AR, Stamatakis E, Foster LJ, Crowne EC, Sabin M,
Shield JPH: Physical activity patterns in nonobese and obese
children assessed using minute-by-minute accelerometry.
Int J Obes Relat Metab Disord 2005, 29:1070-1076.
Trost SG, Sirard JR, Dowda M, Pfeiffer KA, Pate RR: Physical activity in overweight and nonoverweight preschool children. Int
J Obes Relat Metab Disord 2003, 27:834-839.
Carnell S, Wardle J: Appetite and adiposity in children: evidence for a behavioral susceptibility theory of obesity. Am J
Clin Nutr 2008, 88(1):22-29.
Carnell S, Wardle J: Appetitive traits and adiposity in children:
measurement, origins and implications for intervention. The
Proceedings of the Nutrition Society 2008, 20:1-13.
Hill C, Llewellyn CH, Saxton J, Webber L, Semmler C, Carnell S, van
Jaarsveld CHM, Boniface D, Wardle J: Adiposity and/'eating in the
absence of hunger/' in children. Int J Obes (Lond) 2008,
32(10):1499-1505.
Kimm SYS, Glynn NW, Kriska AM, Fitzgerald SL, Aaron DJ, Similo SL,
McMahon RP, Barton BA: Longitudinal changes in physical activity in a biracial cohort during adolescence. Med Sci Sports Exerc
2000, 32:1445-1454.
Sallis JF: Age-related decline in physical activity: a synthesis of
human and animal studies.
Med Sci Sports Exerc 2000,
32:1598-1600.
Riddoch CJ, Bo Andersen L, Wedderkopp N, Harro M, KlassonHeggebo L, Sardinha LB, Cooper AR, Ekelund U: Physical activity
levels and patterns of 9- and 15-yr-old European children.
Med Sci Sports Exerc 2004, 36:86-92.

26.
27.
28.
29.
30.

31.

32.
33.
34.
35.

36.
37.

38.
39.

40.

41.
42.
43.

44.

45.

http://www.ijbnpa.org/content/5/1/67

Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M,
Siraard D: Age and gender differences in objectively measured
physical activity in youth. Med Sci Sports Exerc 2002, 34:350-355.
Townsend P, Phillimore P, Beattie A: Health and deprivation: Inequality
and the North London: Croom Helm; 1988.
Rudolf M, Walker J, Cole TJ: What is the best way to measure
waist circumference? International Journal of Pediatric Obesity 2007,
2:.
de Vries SI, Bakker I, Hopman-Rock M, Hirasing RA, van Mechelen W:
Clinimetric review of motion sensors in children and adolescents. J Clin Epidemiol 2006, 59:670-680.
Ekelund U, Sjostrom M, Yngve A, Poortvliet E, Nilsson A, Froberg K,
Wedderkopp N, Westerterp K: Physical activity assessed by
activity monitor and doubly labeled water in children. Med
Sci Sports Exerc 2001, 33:275-281.
Trost SG, Ward DS, Moorhead SM, Watson PD, Riner W, Burke JR:
Validity of the computer science and applications (CSA)
activity monitor in children. Med Sci Sports Exerc 1998,
30:629-633.
Cole TJ, Freeman JV: Body mass index reference curves for the
UK, 1990. Arch Dis Child 1995, 73:25-29.
Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard
definition for child overweight and obesity worldwide: international survey. BMJ 2000, 320:1240-1243.
Cole TJ, Flegal KM, Nicholls D, Jackson AA: Body mass index cut
offs to define thinness in children and adolescents: international survey. BMJ 2007, 335:194-202.
Van Itallie TB, Yang M, Heymsfield SB, Funk RC, Boileau RA: Heightnormalized indices of the body's fat-free and fat mass: potentially useful indicators of nutritional status. Am J Clin Nutr 1990,
52(6):953-959.
Wells J, Cole TJ, ALSPAC Study team: Adjustment of fat-free
mass and fat mass for height in children aged 8 y. International
Journal of Obesity 2002, 26:947-952.
Mâsse LC, Fuemmeler BF, Anderson CB, Matthews CE, Trost SG,
Catellier DJ, Treuth M: Accelerometer data reduction: a comparison of four reduction algorithms on select outcome variables. Medicine and Science in Sports and Exercise 2005, 37:S544-554.
Corder K, Ekelund U, Steele RM, Wareham NJ, Brage S: Assessment of physical activity in youth. Journal of Applied Physiology
2008, 105:977-987.
Andersen LB, Harro M, Sardinha LB, Froberg K, Ekelund U, Brage S,
Andersen SA: Physical activity and clustered cardiovascular
risk in children: a cross-sectional study (The European Youth
Heart Study). Lancet 2006, 368:299-304.
Mattocks C, Ness AR, Leary SD, Tilling K, Blair SN, Shield J, Deere K,
Saunders J, Kirkby J, Davey-Smith G, et al.: Use of Accelerometers
in a Large Field-Based Study of Children: Protocols, Design
Issues, and Effects on Precision. J Phys Act Health 2008, 5 Supplement 1:S98-S111.
Zyzanski SJ, Flocke SA, Dickinson LM: On the Nature and Analysis of Clustered Data. Annals of Family Medicine 2004, 2:199-200.
Kelly LA, Reilly JJ, Fisher A, Montgomery C, Williamson A, McColl JH,
Paton JY, Grant S: Effect of socioeconomic status on objectively
measured physical activity. Arch Dis Child 2006, 91:35-38.
Weinsier RL, Hunter GR, Heini AF, Goran MI, Sell SM: The etiology
of obesity: relative contribution of metabolic factors, diet,
and physical activity. The American Journal of Medicine 1998,
105:145-150.
Metcalf BS, Voss LD, Hosking J, Jeffery AN, Wilkin TJ: Physical activity at the government-recommended level and obesityrelated health outcomes: a longitudinal study (EarlyBird 37).
Arch Dis Child 2008. adc.2007.135012.
Baquet G, Stratton G, Van Praagh E, Berthoin S: Improving physical
activity assessment in prepubertal children with high-frequency accelerometry monitoring: A methodological issue.
Prev Med 2007, 44:143-147.

Page 9 of 9
(page number not for citation purposes)

