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Abstract
Andreas Nilsson (2008): Physical activity assessed by accelerometry in children. 
Örebro Studies in Medicine 12. 84 pp.

Physical activity (PA) is likely to constitute an important aspect of health-related 
behaviour in growing children. However, the knowledge on levels and patterns of 
PA in children is limited, due to the difficulty of precisely measuring this complex 
behaviour in normal daily living. Information on variables that significantly contri-
butes to the variability in PA patterns is warranted as it may inform strategies for 
promoting physically active lifestyles in school-age youth. The overall purpose of 
the present studies was to increase the knowledge about the use of accelerometry 
when assessing PA in children, and examine sources of variability in objectively 
assessed PA behaviour in children. The study samples included 1954 nine- and 15-
year-old children from four geographical locations in Europe (Norway, Denmark, 
Estonia and Portugal), and additionally 16 Swedish seven-year-old boys and girls. 
PA was assessed by the MTI accelerometer during free-living conditions, including 
both weekdays and weekend days. A part of the PA assessment was conducted using 
different time sampling intervals (epochs). Predictions of estimates of daily energy 
expenditure from accelerometer output were calculated using previously published 
equations. Potential correlates of PA behaviour were assessed by self-report. The 
main findings were; a) the epoch setting had a significant effect when interpreting 
time spent at higher intensities of PA in young children, b) predicted energy expen-
diture differed substantially between equations, c) between- and within-day diffe-
rences in overall levels of PA, time spent at moderate-to-vigorous intensity physical 
activity and time spent sedentary differed between age, gender and geographical 
location, d) outdoor play and sports participation were differentially associated 
with objectively measured PA in 9- and 15-year-old children. It is concluded that the 
sporadic nature of children’s physical activity require very short epoch settings for 
detecting high intensity PA, and that different published equations for estimations 
of daily energy expenditure cannot be used interchangeably. The interpretations of 
average energy expenditure from available equations should be made with caution. 
Based on a large sample of children of different ages, weekend days and leisure time 
during weekdays seem appropriate targets when promoting PA in order to increase 
the proportion of children achieving current recommendations on health enhancing 
PA. Further, significant correlates of PA behaviour dependent on age group are 
presented, which should be considered when planning interventions for promoting 
PA in school-age youth. 

Keywords: activity patterns, adolescents, health promotion, activity monitor, 
sedentary. 
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1  INTRODUCTION 

1.1 PHYSICAL ACTIVITY – DEFINITIONS AND BASIC PRINCIPLES 

In all healthy children, development and refinement of movement skills through a 

variety of physical activities is a normal part of growth and functional develop-

ments (Malina et al., 2004). Basic movement patterns develop during preschool 

ages, and with growth and maturation, these movement skills gradually becomes 

integrated and coordinated into more complex physical activity performances 

that characterize different free plays and sport games through the school years 

(Strong et al., 2005). Since physical activity likely constitutes an important aspect 

of health-related behaviour, assessing how much and how often young people 

participate in physical activity have become an important area of research (Fox & 

Riddoch, 2000). However, before assessment the variable of interest needs to be 

defined. Physical activity has been defined as any bodily movements produced by 

skeletal muscles that result in energy expenditure (Caspersen et al., 1985). Given 

this definition, physical activity is not synonymous to exercise, which is a sub-

category of physical activity defined as planned, structured, and repetitive bodily 

movement done to improve or maintain one or more components of physical fit-

ness (Caspersen et al., 1985). As energy expenditure is the core outcome, physical 

activity behaviour should ideally be quantified into units of energy expenditure 

(i.e. kcal or kJ). However, between-individual variation in total daily energy ex-

penditure is only partly explained by differences in physical activity behaviour. 

To clarify this, a shorter description of human energy expenditure will be given.  

Three components; basal metabolic rate (BMR), energy expenditure from 

physical activity (PAEE) and diet-induced energy expenditure (DIT) determine the 

total daily amount of energy expended (Torun et al., 1996). The greatest propor-

tion of total energy expenditure (TEE) is BMR. The BMR is defined as the mini-

mum of energy required to sustain normal functions of the body and accounts for 

approximately 55–65% of TEE (McArdle et al., 2006). Ideally, BMR should be 

assessed during total rest in a fasting state as no more than the body’s heat pro-

duction should be reflected. However, in many cases preparations necessary for a 

proper BMR assessment are impractical and values on BMR can instead be esti-

mated using prediction equations, especially in larger population studies. Several 

published equations exist, where the equation by Schofield et al. (1985) is one of 

the most commonly used. This equation takes sex, age, height and weight into 

account, which are the main determinants of energy expenditure during rest. The 

diet-induced energy expenditure, accounts for about 10% of TEE (Maffeis et al., 
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1993), and is fairly stable. The remaining component of TEE is PAEE which 

could be highly variable with normal ranges from 25–35% up to 75% of TEE in 

extreme situations (Westerterp, 2003). PAEE can thus be calculated as TEE – 

(BMR + 10% of TEE). Since PAEE expressed in absolute values is closely related 

to body mass, the energy cost of a specific activity is not identical to a certain 

amount of body movement when comparing individuals who differ in body 

weight. Therefore, expressing PAEE per kilo of body weight is suggested to take 

into account inter-individual differences (Westerterp, 2003). Further, since the 

proportions of fat mass and fat-free mass in relation to body weight normally 

differ between gender, adjusting PAEE for fat-free mass has also been suggested 

as an approach to normalize between individual differences in body size and to 

remove any confounding effect of gender (Ekelund et al., 2004). Another marker 

for physical activity based on an individual’s TEE is the physical activity level 

(PAL). The PAL-value is obtained by dividing TEE by BMR, thus PAL is a multi-

ple of resting energy expenditure. Both PAEE, expressed in absolute values and 

PAL increases with age during growth (Hoos et al., 2003; Ekelund et al., 2004). 

This increase with age is most likely explained by the significant intercept when 

regressing TEE on BMR, that is, the denominator (BMR) does not fully remove 

the confounding effect of body size on the numerator (TEE). Based on a review of 

studies assessing PAEE and PAL in 3- to 16-year-olds, Hoos et al. (2003) con-

cluded that no relation between PAEE·kg-1 and age exist, which indicates that the 

observed age difference for absolute values on PAEE is attributed to an increase 

in body weight with increasing age.  

Three different dimensions; frequency, duration and intensity of different ac-

tivities performed need to be determined when assessing patterns of physical ac-

tivity. The frequency relates to how often the activity occur over a specific time 

period (e.g. three times per week), and the duration denotes how long the activity 

is sustained (e.g. 20 min per session). The intensity of the activity denotes how 

strenuous the activity is, often defined in terms of relative load on physiological 

markers in relation to maximal capacity. For example, a given percentage of 

maximal oxygen uptake (%VO2max) or percentage of maximal heart rate 

(%HRmax) are common expressions of intensity (McArdle et al., 2006). However, 

when PAEE is expressed in relation to body weight, it will provide an absolute 

measure of the intensity for a specific activity. Another frequently used measure 

of intensity is the metabolic equivalent (MET) for a specific activity. A MET 

value represents multiples of energy expenditure during rest and approximate 

MET-values from many different activities have been proposed (Ainsworth et al., 

1993). To translate MET-values in terms of energy expenditure, a resting meta-

12



bolic rate of 3.5 mlO2· kg-1·min-1, which approximate to 1 kcal·kg-1·hour-1, is de-

fined as 1 MET (Ainsworth et al., 1993). Notably, while this definition of 1 MET 

is valid for use in adults it is not applicable to children. Harrell et al. (2005) pre-

sented data on energy costs during different activities in children and compared 

measured MET values based on measured resting energy expenditure against 

MET values based on estimated resting values, equivalent to the adult value of 

3.5mlO2·kg-1·min-1. They showed that estimated MET values were significantly 

higher than the measured MET values, due to the significantly higher resting en-

ergy expenditure in children when expressed in relation to body weight (mlO2·kg-

1·min-1). Hence, the authors concluded that this difference in energy expenditure 

during rest must be adjusted for before converting MET values into caloric cost.   

1.2 ASSESSMENT OF PHYSICAL ACTIVITY 

Physical activity is a multidimensional exposure variable, occurring with varying 

frequencies and intensities, and constitutes a challenge to assess in free-living po-

pulations. An ideal method should be able to assess both the total volume of phy-

sical activity and the nature of the pattern of the activity (i.e. intensity, duration 

and frequency) in a valid and reliable way. The method needs to be well-designed 

for use in field settings (e.g. non-obtrusive), make little interference with normal 

living and require low compliance by the individuals, especially for use in younger 

age groups (Montoye et al., 1996; Livingstone et al., 2003; Lamonte & Ains-

worth, 2001). Moreover, for application in larger population studies the method 

should preferably be low in cost. Existing assessment techniques fulfil these crite-

ria to various degree, as feasibility for real-life settings often tend to counteract 

the greater accuracy usually obtained in a laboratory setting (Kohl et al, 2000; 

Schutz et al., 2001). Physical activity assessment methods can broadly be divided 

into two groups; subjective (i.e. self-report) and objective methods. A description 

of available assessment methods, both based on objective measurements and self-

report will be given in the following chapters. As all results on physical activity 

presented in this thesis are based on whole-body accelerometry, special attention 

is given to this method in a separate chapter, although other objective assessment 

methods will be summarized.  

1.2.1 Accelerometry 

The accelerometer measures body accelerations, and is currently the most widely 

used objective physical activity assessment method. The term acceleration is defi-

ned as a change in velocity with respect to time, often expressed in gravitational 
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units (g; 1 g = 9.8 m·s-2). The theoretical basis of measuring accelerations in con-

text of physical activity assessment is that changes in body accelerations reflect 

changes in energy cost during locomotion. Since the accelerometer measures both 

the magnitude and frequency of body movement, quantification of the intensity 

and duration of physical activity is possible. To assess accelerations of the body 

during locomotion, the monitor is usually placed either at the hip or on the back 

of the body. Placed at the hip is likely to be more comfortable for the subjects 

compared to the back placement. However, an attachment as close to the centre 

of gravity (i.e. on the back) may intuitively seem most appropriate, and some 

studies have subsequently used this placement (Westerterp et al., 1999a; Ekelund 

et al., 2000; Ekelund et al., 2001). Therefore, controlling for a placement effect 

may be of importance to secure comparability between different study results.  

Chan & Basset (2005) has fully described the principles and properties of the 

accelerometer technology. In short, the accelerometer consists of a piezoelectric 

sensor. The term ‘piezoelectric’ refers to material that generates an electric charge 

when mechanically deformed. For example, a piezoelectric element configured as 

a mechanical cantilever beam has frequently been used, which becomes deformed 

by bending when undergoing accelerations. The deformation by bending then 

generates a voltage signal that is in proportion to the applied acceleration (Chan 

& Basset, 2005). Although the configuration of the piezoelectric element varies 

between different monitors and models; the beam sensor is sensitive to tension 

while newer electronical chip sensors detects compressions, the presumptions for 

assessing accelerations are the same. Most sensors are only sensitive to vertical 

accelerations and these devices are therefore often called uniaxial accelerometers. 

Sensors measuring accelerations in multiple planes exist and may intuitively seem 

to be better suited to capture complex physical activity behaviours compared to 

uniaxial types. Non-ambulatory activities, with largest accelerations produced in 

other planes than vertical (i.e. mediolateral and anteroposterior), has showed to 

be better reflected by a multiaxial sensor compared to uniaxial types (Eston et al., 

1998). However, a review of studies examining validity in multiaxial sensors 

compared to uniaxial ones in reflecting various physical activities, revealed that 

comparable results on free-living physical activity in children is obtained across 

sensor types (Trost et al., 2005). The reason is that acceleration in the vertical 

plane is dominant during ambulatory activities, which only marginally improve 

assessment of physical activity by measuring accelerations in additional planes. 

Together with the fact that a multiaxial sensor usually is more expensive, uniaxial 

accelerometers have become the most common type used for assessment of physi-

cal activity.  
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One limitation with most accelerometers, regardless of type, is that only dy-

namic muscular work can be detected with any reasonable reliability (Chan & 

Basset, 2005). Thus, static work or work against external forces will remain 

largely undetected. For example, Treuth et al. (2004) showed that bicycling with 

an intensity corresponding to about 6 METs was indicated as a less intensive ac-

tivity by the accelerometer compared to a brisk walk corresponding to 4 METs. 

Further, contribution to energy expenditure from upper-body activities will likely 

be lost as changes in physiological work load for such activities are not mirrored 

by a change in vertical body accelerations. Using multiple uniaxial sensors (e.g. 

placed on the waist and the wrist), aiming to include arm movements, may in-

crease accuracy in assessing body movements. Kumahara et al. (2004) combined 

data from two uniaxial sensors worn simultaneously at the wrist and waist while 

measuring energy costs for different activities in a respiratory chamber. Regres-

sion analysis for predicting energy cost from accelerometer output showed that 

the explained variance improved by 2% only when adding the wrist sensor in 

addition to the waist sensor. Since the contribution of upper-limb movement ex-

plaining the variance in energy expenditure seems limited, the use of multiple sen-

sors may be questionable as it will impose a more resource-demanding procedure 

and also a higher compliance by the participants.  

Several commercially available uniaxial accelerometers exist, where the MTI 

Actigraph (Manufacturing Technology Inc, Fort Walton Beach, FL, USA) acceler-

ometer (formerly known as the Computer Science and Applications activity moni-

tor), is currently the most frequently used for physical activity assessment. The 

MTI accelerometer, model 7164, is a small (4.5 X 3.5 X 1.0 cm) and relatively 

lightweight (43 g) monitor that measures accelerations in the vertical plane. The 

monitor samples voltage signals in proportion to detected accelerations (range: 

0.05−2.0 g with a frequency rate of 0.25−2.5 Hz) with a sample rate of 10 meas-

ures per second. The signals first become filtered to discriminate human move-

ment from vibration and other artefacts before converted into a digital set of 

numbers, called ‘counts’. Finally, all counts sampled are summarized over a user-

specified time frame (epoch). A firm plastic case with a rubber lining constitutes 

the outer shell of the monitor protecting the piezoelectric sensor inside. The moni-

tor is initialized for sampling by connecting the monitor to a computer program 

via an interface, and after measurement data from the monitor is downloaded via 

the interface onto a computer. When using a one-minute sampling interval the 

MTI monitor can sample data for 22 consecutive days. The small, lightweight 

and yet robust design, together with a detailed data sampling and large storage 
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capacity, are features that make the MTI monitor a well-adopted tool for assess-

ing free-living physical activity in young age groups.   

Recently, MTI replaced the model 7164 with a newer model, called GT1M. 

Although the GT1M has similar size as the older model, it weighs less (23g) and 

has a much larger data storage capacity. The preset ranges in detection of accel-

eration and its frequency are the same as for model 7164. Comparisons between 

model 7164 and GT1M in data output during assessment of physical activity in 

free-living conditions have showed that the GT1M produces slightly lower values 

(9%) in terms of overall physical activity level (cnts·min-1) (Corder et al., 2007). 

However, no difference in assessing time spent at moderate or vigorous physical 

activity was evident. As all results on physical activity presented in this thesis are 

based on use of the model 7164, all further descriptions of the MTI monitor will 

refer to this model. 

Metcalf et al. (2002) evaluated intra- and inter-instrument reliability of the 

MTI monitor during two different speeds using a motorized turntable. The two 

speeds were set to approximate accelerations applied to the monitor during walk-

ing and running. Results showed that intra-instrument variability never exceeded 

2%, with no differences between monitors in terms of repeatability, and mean 

scores for inter-instrument variability never exceeded 5%. Eslinger & Tremblay 

(2006) evaluated the reliability of the monitor during three different accelerations 

with three different frequency rates. Intra-instrument variability was on average 

about 3% and inter-instrument variability was between 8−9%. Apparently, re-

sults on the technical reliability vary between these studies, depending on the test-

ing conditions and the number of monitors tested. Notably, larger variability 

seems to be produced when applying accelerations with frequency rates close or 

equal to the maximal response rate of the monitor (i.e. 2.5 Hz), while a much 

improved between and within instrument variability is observed for lower fre-

quency rates. For example, intra-instrument variability was 0.2% when a fixed 

acceleration with frequency of 2.0 Hz was applied, compared to 6.3% with the 

same acceleration but with frequency of 2.5 Hz (Eslinger & Tremblay, 2006). 

The difference in variability depending on frequency rates is likely explained by 

the signal filtering procedure of the monitor during sampling, which is most sensi-

tive around frequencies of 2.5 Hz. When applied to humans, differences in step 

frequencies between individuals during high intensity running may produce be-

tween-individual variability in monitor output as the monitor filters input signals 

to a higher degree at higher movement frequencies (Brage et al., 2003a). These 

authors further showed that during lower movement frequencies, (e.g. walking), 

step frequency does not affect accelerometer output. Another study by Brage et al. 
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(2003b) showed that counts derived from the MTI monitor increase linearly with 

increased speed until 9 km/h and thereafter begin to level-off. The reason is likely 

due to a relatively constant vertical movement regardless of increased speed dur-

ing running. Hence, the accelerometer is able to distinguish between different 

speeds of walking, between walking and running, but not between different 

speeds of running. 

The raw outcome from the monitor (i.e. counts) reflects the total volume of 

physical activity performed during the given measurement period. For compari-

sons between individuals when assessing free-living physical activity, total sum of 

counts is often divided by registered time, as the latter may vary between indi-

viduals. Total counts over registered time (cnts·min-1) provide an estimate of the 

average intensity of physical activity over a day.  

Several studies have examined the strength of relationship between activity 

counts and components of energy expenditure during different activities.  

Based on walking and running on a treadmill, Trost et al. (1998) reported 

that activity counts from the MTI monitor were strongly correlated (r = 0.87) 

with energy cost (kcal·min-1) measured with indirect calorimetry in 10-to-14-year-

old children, and concluded the monitor to be valid for reflecting energy cost dur-

ing treadmill walking and running. Similarly, Corder et al. (2005) compared 

PAEE by indirect calorimetry with activity counts during treadmill walking and 

running in a group of children (13 yrs), and reported a correlation of r = 0.71. In 

comparison to the study by Trost et al. (1998), the weaker correlation in this 

study is probably due to the fact that changes in work load were made by increas-

ing both treadmill speed and grade during measurements. The accelerometer is 

unlikely to accurately reflect changes in workload by increased treadmill grade as 

it will not be followed by a subsequent increase in vertical accelerations. Another 

study let 8-to-11-year-olds walk and run on a treadmill, play catch, hopscotch 

and sit down crayoning, while simultaneously measuring oxygen consumption 

(ml·kg-0.75·min-1) by indirect calorimetry and body movement by accelerometer. A 

correlation coefficient of r = 0.78 was observed for all activities combined (Eston 

et al., 1998). A similar correlation coefficient was observed in a recent study by 

Pate et al. (2006), where 3-to-5-year-old children performed three structured ac-

tivities in a laboratory setting. Correlation between activity counts and oxygen 

consumption (ml·kg-1·min-1) by indirect calorimetry was r = 0.82 across activities.  

Ekelund et al. (2001) performed simultaneous measurements of accelerometer 

counts and energy expenditure by the DLW method in 26 children (9-to-10 years) 

in free-living conditions over a two-week period. Activity counts were signifi-

cantly related to average daily PAEE (r = 0.54) and PAL (r = 0.58). Further ad-
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justment for gender and body weight increased correlation for PAEE (r = 0.67). 

Further, no significant difference between activity counts and PAL in classifying 

individuals in terms of ‘low’, ‘moderate’ and ‘high’ activity levels was evident. 

The authors concluded that activity counts from the MTI monitor are able to re-

flect the total volume of physical activity in groups of children during free-living 

conditions. A recent review also confirmed the MTI accelerometer as the only 

commercially available monitor that correlates with DLW-derived PAEE with 

reasonable validity (Plasqui & Westerterp, 2007). 

Thresholds for activity counts corresponding to specific intensities of physical 

activity are useful when analysing time spent at different intensity levels of physi-

cal activity (e.g. light, moderate, vigorous) or when examining proportions of 

children who reach recommended levels of physical activity. Several laboratory-

based prediction equations have been developed to convert activity counts to 

components of TEE for specific use in school-age youth (Trost et al., 2002; Puyau 

et al., 2002; Treuth et al., 2004; Mattocks et al., 2007), and subsequently applied 

in several studies to examine the amount and proportion of time spent at different 

intensity levels derived from activity counts (Reilly et al., 2004; Montgomery et 

al., 2004; Trost et al., 2002; Pate et al., 2002; Riddoch et al., 2004; Riddoch et 

al., 2007; Treuth et al., 2007; Ness et al., 2007). All prediction equations have 

been developed using respiratory gas analysis as the criterion measure. Except for 

the equation developed by Trost et al. (2002), additional activities besides walk-

ing and running (e.g. hopscotch, step aerobics, shooting basket balls) have been 

incorporated to various degrees between studies.  

Walking is an example of a moderate-intensity activity where the relationship 

between activity counts and energy expenditure is linear. Thus, applying count 

thresholds corresponding to a given walking speed may be an alternative ap-

proach compared with translating activity counts into energy expenditure values. 

For example, a threshold of 2000 counts/min has been used in studies investigat-

ing relationship between accelerometer assessed time spent at moderate-to-

vigorous intensity of physical activity (MVPA) and clustered metabolic risk in 

children (Ekelund et al., 2006; Andersen et al., 2006). Based on previous studies 

measuring activity counts during treadmill walking, this threshold roughly corre-

sponds to a walking pace of 4 km/h (Trost et al., 1998; Eston et al., 1998; Puyau 

et al., 2002; Schmitz et al., 2005). In most healthy children, this represents a 

normal walking speed and examining all time spent above this pace would there-

fore include the absolute majority of brisk walking and higher intensity activities. 

Using an intensity threshold based on speed does not allow estimation of energy 
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expenditure but will provide data on time spent above specific intensity thresh-

olds.  

In addition to assess time spent above certain intensity thresholds, assessing 

time spent in sedentary pursuits is of interest. Two different studies measuring 

activity counts during sitting and playing computer games in children reported 

count values well below 100 cnts·min-1 (Puyau et al., 2002; Treuth et al., 2004) 

and a threshold approximate to sedentary behaviour of <100 cnts·min-1 has sub-

sequently been used (Treuth et al., 2007). 

The possibility to use accelerometry for predicting daily amounts of energy 

expenditure is of further interest. However, as children’s habitual physical activity 

behaviour is complex, producing a prediction equation able to accurately reflect 

daily PAEE in every-day life is difficult. While laboratory-based equations may 

produce close estimations of energy cost for a set of structured activities in the 

laboratory (e.g. treadmill walking), they may be inappropriate to use in free-living 

conditions. The predictive power when applied to free-living conditions will be 

dependent on the extent to which the included activities during calibration con-

tribute to daily PAEE (Welk et al., 2005). Several laboratory-based studies incor-

porated additional activities besides walking and running to widen the range of 

activities to which the equations could be applied (Puyau et al., 2002; Treuth et 

al., 2004; Mattocks et al., 2007). However, the inability of the MTI monitor (and 

all movement sensors based on acceleration) to fully reflect energy costs for a 

number of activities may produce systematic errors when applying a laboratory-

based equation in every-day life settings. For example, including upper-body ac-

tivities (e.g. shooting basket balls) during calibration may lead to a systematic 

overestimation of PAEE when applied in real life-settings. This is because the 

monitor would record lower activity counts during upper-body activities than 

would be the case for a walking speed with the same energy cost. Thus, the cho-

sen mixture of activities during calibration will likely affect the slope and inter-

cept of the regression line for the relationship between activity counts and energy 

expenditure and subsequently produce discrepancies in prediction outcome be-

tween equations. This is also indicated by different thresholds from activity 

counts proposed to correspond to the same intensity levels between equations. 

For example, in a group of 9-year-olds, the threshold for MVPA would be > 900 

cnts·min-1 based on the equation by Trost et al. (2002) compared with > 3200 

cnts·min-1 based on the equation by Puyau et al. (2002). Besides the choice of ac-

tivities included when regressing activity counts on energy expenditure, the num-

ber of individuals included, the age range of individuals and the calorimetry 

methods used have been identified as possible causes of the observed threshold 
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discrepancies between equations (Freedson, et al., 2005; Welk et al., 2005; 

Corder et al., 2007). Taken together, prediction equations developed using spe-

cific activities in a laboratory are unlikely to be valid throughout the range of 

free-living activities, which in turn will affect predicted daily PAEE from these 

equations. Producing an equation based on multiple regression lines may improve 

predictive power. Crouter et al. (2006) developed an equation based on two re-

gression lines, one based on walking and running and the other based on a set of 

structured life-style activities (e.g. vacuuming, raking leaves) in a group of adults. 

Cross-validation showed that the two-point regression model improved accuracy 

in estimating energy cost from activity counts compared to conventional single-

regression models. However, as this equation was based on adults it may not be 

applicable in children. 

An alternate approach when developing a PAEE prediction is to use data ob-

tained during free-living measurements. Compared to a laboratory-derived equa-

tion, an equation based on data in free-living settings has favourable appeal as the 

calibration is made in the same environment in which it will be applied. As an 

example, Ekelund et al. (2001) measured PAEE by the DLW method and activity 

counts in children during free-living conditions for two weeks. By regressing data 

on average daily activity counts (cnts·min-1) against measured components of en-

ergy expenditure, a prediction equation could be obtained. Notably, although a 

free-living derived prediction equation based on daily PAEE theoretically may 

predict energy expenditure from activity counts most accurately, only average 

values of daily energy estimates can be derived. Thus it cannot be used to obtain 

thresholds for activity counts corresponding to a certain intensity of physical ac-

tivity. 

Several prediction equations exist, based on different calibration concepts 

(e.g. laboratory- or field-based). However, degree of agreement between different 

laboratory-derived and free-living derived equations for the prediction of daily 

TEE and PAEE is currently unclear. Clarification of comparability is important as 

equations producing large differences in predicted outcomes will affect data in-

terpretation between studies. 

1.2.2 Other objective methods 

Several additional objective assessment techniques exist, whereas some have limi-

tations regarding their ability to measure volume and/or different dimensions of 

physical activity in free-living conditions. 
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Respiratory gas analysis (indirect calorimetry) is valid for measuring energy 

expenditure with a high time resolution but it is inapplicable in field settings 

(Kohl et al., 2000; Schutz et al., 2001). Behavioural observation can be included 

among objective methods as the outcome does not rely on self-report. However, 

the time- and labour-consuming procedure make direct observations confined to 

relatively short periods, which seriously limit the ability to capture patterns of 

habitual physical activity or estimate daily energy expenditure (Sallis & Owen, 

1999). Further, because of the time-consuming procedure observational studies 

will be limited to smaller samples (Lagerros & Lagiou, 2007; Livingstone et al., 

2003). The presence of observers may also influence the behaviour of the ob-

served individuals, and they may not allow to be observed with the required in-

trusiveness (Sallis & Owen, 1999). Because of the detailed information on physi-

cal activity behaviour that can be obtained during shorter time periods, direct 

observation has been suggested as a suitable criterion measurement against which 

other methods aiming to assess patterns of physical activity can be validated 

(Welk et al., 2000). 

Another existing objective method is the pedometer, a device measuring step 

frequency by sensing vertical movement of the body. The pedometer is a relatively 

cheap and feasible tool for field studies and can provide a rough picture of total 

volume of physical activity by the accumulated number of steps taken during the 

measurement period. The pedometer is limited to measure only vertical body 

movements, which make upper-body activities or work against external forces to 

remain undetected. Another limitation is that the pedometer cannot record the 

magnitude of movement, thus it cannot assess changes in the intensity of move-

ment (Trost et al., 2001). Crouter et al. (2003) evaluated ten pedometer models in 

their ability in assessing steps, distance walked and energy cost during treadmill 

walking at different speeds. The authors concluded that pedometers in general are 

most accurate for assessment of steps, less accurate for assessing distance and not 

reliable for assessing energy cost. Another study has showed that pedometer steps 

are moderately correlated against whole-body accelerometry (r = 0.47) during 

assessment of physical activity in children in free-living conditions (Treuth et al., 

2003). The lacking ability of assessing intensities of movement have produced 

different conclusions about number of steps that supposedly correspond to time 

spent in physical activities above certain thresholds of intensity in children. For 

example, 8000 steps have been concluded to estimate 33 minutes (Tudor-Locke et 

al., 2002) or 60 minutes (Jago et al., 2006) of physical activity of at least moder-

ate intensity.  
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Besides accelerometry, two objective assessment techniques; measurement of 

TEE by the doubly labelled water technique and measurement based on heart rate 

recording are applicable in field settings and have the proven ability to assess en-

ergy expenditure and/or reflect habitual patterns of activity (i.e. intensity, dura-

tion and frequency) with accepted accuracy and reliability. Furthermore, an inte-

grated approach by combining movement registration by accelerometry and heart 

rate recording could be used as one method. 

 

The doubly labelled water method (DLW). The DLW method is regarded as the 

most accurate method to assess energy expenditure outside the laboratory envi-

ronment (Westerterp, 1999b; Müller & Bosy-Westphal, 2003). The method esti-

mates energy expenditure on group level within 1−3% of reference values meas-

ured by respiratory gas analysis in the laboratory (Schoeller et al., 1986; Speak-

man et al., 1993; Racette et al., 1994) and the repeatability is about 4−10% de-

pending on reviewed studies (Murgatroyd et al., 1993; Montoye et al., 1996; 

Speakman, 1998).  

The theory and principle of the method has previously been presented 

(Speakman, 1998). In short, the individual ingest a dose of labelled water 

(2H2
18O) with known concentration of stable isotopes of hydrogen (2H) and oxy-

gen (18O). The labelled hydrogen and oxygen will then gradually leave the body, 

hydrogen as water (2H2O), principally as urine and sweat, and the oxygen as wa-

ter (H2
18O) but also as carbon dioxide (C18O2). Since the elimination rate of the 

isotopes is directly related to the carbon dioxide production, measuring the diver-

gence of isotope enrichment between different time points the carbon dioxide 

production can be estimated. Finally, by using information on the macronutrient 

composition of the diet (the food quotient), TEE during the measurement period 

can be estimated. A measurement period is usually between 1−3 weeks. The iso-

topes can be sampled from any body fluid although urine samples are most com-

monly used.  

The method do not interfere with normal living and low participant burden, 

makes the DLW method feasible to use even in young age groups. Furthermore, 

information about an individual’s total body water is provided from either of the 

isotopes and from this information body composition can be estimated. This is 

clearly an advantage since information about body composition can be of interest 

as potential predictors of TEE when evaluating other methods for assessment of 

TEE (Montoye et al., 1996). However, the high costs for the isotopes, combined 

with expensive analysis procedure, limits the use to studies based on smaller sam-

ples. Another disadvantage is that no more than the TEE for the whole measure-
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ment period is provided, and no information on pattern (intensities, duration and 

frequency) of physical activity is given, which further limit its application in assess-

ment of physical activity behaviour (Kohl et al., 2000). The DLW method is fre-

quently used as a criterion when validating other physical assessment methods 

during free living conditions. 

 

Heart rate monitoring. The basic principle when assessing physical activity using 

heart rate (HR) monitoring is the close relationship between HR and VO2, hence 

energy expenditure, during a wide range of exercise intensities (McArdle et al., 

2006). HR is an indirect measure of physical activity as it measures the physiolo-

gical response to activity and not body movement. Notably, the fact that the HR 

response tends to lag behind changes in movement and also may remain elevated 

a time after cessation of movement may limit its ability to capture sporadic activity 

patterns, especially occurring in children (Trost, 2001). HR is recorded using a 

transmitter fixed in a belt around the chest and a receiver worn as a wristwatch. 

The small size of the instrument and storage capabilities sufficient to record heart 

rates over weeks at a time makes it a well-adopted tool for assessing habitual 

physical activity in field settings. The method is feasible for use in epidemiological 

studies for assessing level and pattern of energy expenditure (Wareham et al., 

1997). Because of the linear relationship between HR and VO2, a proxy measure 

of energy expenditure can be predicted from HR values as well as information on 

time spent at different intensities of physical activity. However, using absolute 

HR values (e.g. 140 or 160 beats per min) for defining time spent at different in-

tensity levels may be biased as HR at a certain workload vary between individuals 

(Epstein et al., 2001; Ekelund et al., 2001). Age, gender, body size and training 

status are examples of factors that influence the HR-VO2 relationship (Freedson 

& Miller, 2000; Trost, 2001). Therefore, to be able to translate HR into a measu-

re of energy expenditure in each individual, regression equations for the relation-

ship between HR and VO2 must be determined individually. Walking and running 

at different speeds on a treadmill while simultaneously measuring HR and VO2 is 

commonly used for this purpose (Lamonte & Ainsworth, 2001; Freedson & Mil-

ler, 2000). Individually calibrated HR monitoring provide close estimations of 

TEE on groups level when validated against the DLW method and whole body 

calorimetry (Ceesay et al., 1989; Livingstone et al., 1992; Ekelund et al., 2002). 

The method has been reported to lack validity on an individual level, with an er-

ror of approximately 20% (Davidson et al., 1997). It should be noted that the 

predicted linear relationship between HR and VO2 is dependent on the chosen 

activities during calibration and it is unlikely that activities used during calibra-
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tion in the laboratory can represent all kinds of activities causing cardio-

respiratory responses during free living conditions (Livingstone, 1997). Further, 

the calibration curves obtained in the laboratory is most valid for moderate-to-

vigorous activities and thus less reliable during lower levels of physical activity. 

Emotional stress, changes in ambient temperature and humidity affects HR 

(Livingstone et al., 2003; Freedson & Miller, 2000; Lamonte & Ainsworth, 

2001). Moreover, HR responses are depending on the relative size of the working 

muscle mass. For example, arm exercise elicits a higher HR compared to leg exer-

cise at the same VO2 because of the smaller muscle mass in the arms (McArdle et 

al., 2006; Freedson & Miller, 2000). Although the method is regarded to be fea-

sible in relatively large population studies (Wareham et al., 1997), it requires high 

compliance by the participants which may limit its use in younger children. 

 

Combination of HR recording and movement sensors. When aiming to quantify 

daily measures of energy expenditure, both HR recording and movement registra-

tion by accelerometry are associated with limitations as described in previous 

chapters. For example, relationship between HR and oxygen uptake is weaker for 

low-intensity activities compare to more vigorous intensity levels, while high in-

tensity running or load-bearing activities are underestimated by accelerometry. 

Since measurement error associated with each method are uncorrelated, using a 

combination of HR recording and movement sensing would theoretically reduce 

limitations inherent with each method used alone, and produce a more accurate 

estimation of energy expenditure (Brage et al., 2004; Strath et al., 2002, Rennie et 

al., 2000). One example of a combined HR and movement sensor is the Actihe-

art. Two versions of the Actiheart currently exist, one developed in the U.K 

(Cambridge Neurotechnology, Cambridge, UK) and one in the U.S. (Mini Mitter, 

Sunriver, OR, USA). The Actiheart (U.K model) has been validated in a laboratory 

setting in adults (Brage et al., 2005) and children (Corder et al., 2005), where 

highest correlation with energy cost measured by indirect calorimetry during wal-

king and running was obtained when using a combined HR and movement re-

gression model compared to single HR or movement models. Crouter et al. 

(2007) evaluated the Actiheart (U.S. model) in adults during a large set of activities 

in a field setting. Comparisons of predicted PAEE against measured PAEE by in-

direct calorimetry revealed that a combined activity and HR algorithm provided 

similar estimates of PAEE as when using a HR algorithm on both a group and 

individual basis. While the Actiheart has showed promising result based on activi-

ties in the laboratory, further studies of the ability of combined HR and move-

ment sensors in predicting estimates of PAEE on child groups in free-living set-
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tings are needed. Developing prediction equations for estimating daily PAEE has 

been warranted, preferably performed in free-living settings with the DLW 

method as criterion (Corder et al., 2007). 

1.2.3 Subjective methods 

Data from subjective methods rely on the validity of the reported response by the 

respondent or from a spokesperson of the respondent. Subjective methods include 

self-administered or interview-administered recall questionnaires, activity logs 

and proxy-reports (Sallis and Saelens, 2000; Lagerros & Lagiou, 2007), where 

proxy-reports provided by parents or teachers are more common when assessing 

physical activity behaviour in young children (Sallis and Saelens, 2000). Depending 

on type of method, information on patterns on physical activity can be obtained 

(i.e. frequency, duration and intensity), as well as type of activity (e.g. weight-

bearing) and in which context the activity occurs (e.g. occupational- or leisure-

related). Further, if activities are ranked in relation to their intensity, estimates of 

total volume of physical activity can be obtained by assigning a MET value to 

each activity (Westerterp, 1999b; Lagerros & Lagiou, 2007). The latter informa-

tion is typically derived from self-reported activity logs (also called diaries), where 

the respondents are told to record all their activities within specified time blocks 

(e.g. every 15 minutes). Apart from the activity log, which requires high compli-

ance from the respondents (Lamonte & Ainsworth, 2001), questionnaires are 

often acceptable by most individuals, low in cost and feasible to use in large study 

populations (Sallis & Owen, 1999). Among the different self-report methods, 

self-administered questionnaires are most common in children and adolescents. 

This because activity logs is regarded as too demanding and proxy-reports often 

provide a very crude measure of children’s activity behaviour as parents or tea-

chers are unable to observe children all day (Sallis & Owen, 1999). However, it 

has been argued that considerably cognitive demands are placed on the respon-

dent when asked to recall specific events that may have occurred in the past 

(Baranowski 1988), which would impose questionnaires as a generally crude 

method for use in younger children. This argument is supported by the belief that 

children’s activity behaviour is sporadic and intermittent (Baily et al., 1995; Welk 

et al., 2000), making it difficult to accurately recall. Compared to adults, children 

are less able to accurately recall activities and tend to make poor estimations 

about the actual time of activities performed (Welk et al., 2000). Because of the 

expected loss of validity when applying self-report methods in younger ages, it 

has been stated that self-report methods should be used with caution in ages 10 to 
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15 years, and be avoided in children under the age of 10 years (Sallis & Owen, 

1999; Kohl et al., 2000). Although the validity of self-report may be questioned 

in younger age groups, it should be noted that other information from self-report 

in young age groups may still provide important data as supplement to objective 

measures of physical activity behaviour. For example, asking children about par-

ticipation in organized sports or mode of transportation to school may provide 

possibilities to identify mediators of objectively assessed physical activity behav-

iours.  

1.3 PHYSICAL ACTIVITY, INACTIVITY AND HEALTH EFFECTS 

Cardiovascular diseases (CVD), including coronary heart diseases and stroke, are 

the number one cause of premature death and are responsible for a large portion 

of health care costs throughout Europe (McKay & Mensah, 2004). Other 

chronic disorders or morbidities typical for our affluent society includes accumu-

lation of adiposity to an obese state, elevated levels of low density lipoproteins 

and total cholesterol in the blood, and glucose intolerance by insulin resistance of 

the muscle cells. These chronic disorders often act together as a cluster of risk 

factors, termed ‘the metabolic syndrome’, exerting a strong increased risk for 

CVD and diabetes mellitus (U.S. Department of Health and Human Services, 

1996; National Institutes of Health, 1997; McArdle et al., 2006).  

The high prevalence of degenerative diseases in our time may be explained by 

our dramatic change in lifestyle pattern over a relatively short period of time. 

Human cardio-respiratory and musculoskeletal systems were developed in a for-

aging environment where our ancestors lived as hunter-gatherers (Eaton & Eaton, 

2003). Although our industrialised society has changed considerably during the 

last 100 years, the contemporary human genome has only changed minimally 

from the one selected in a stone-age environment many thousands of years ago 

(Cordain et al., 1998). During the majority of human existence the basis of sur-

vival has been dependent on individual physical activity, where availability of 

food and energy expenditure from physical activity has been closely linked (Eaton 

& Eaton, 2003). Daily energy expenditure from physical activity in ancestral hu-

mans living in foraging environments has been estimated to about 1000 kcal�day-1, 

with daily food intake around 3000 kcal�day-1 (Cordain et al., 1998). The subsis-

tence efficiency; reflecting how much food energy that can be acquired for a given 

volume of physical activity, would for our ancestors thus have been about 3 : 1. 

In comparison, sedentary adults in modern societies may have a food intake of 

about 2500 kcal�day-1 and energy expenditure from physical activity of about 500 
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kcal�day-1, yielding a subsistence efficacy of 5 : 1. The obvious change of the an-

cient relationship between intake of food energy and level of physical activity 

likely reflects the diminished demand for being physical active for survival in our 

modern society. Unfortunately, as the necessity to be physically active becomes 

degraded, an excessive food intake in relation to the energy expenditure may eas-

ily results in unfavourable accumulation of body fat and related co-morbidities. 

Hence, our contemporary lifestyle with typically less physically demanding tasks 

in our everyday lives, together with an abundant access to food energy, likely fa-

cilitate the occurrence of adverse health effects. 

Over the latest decades, prevalence of overweight and obesity has increased at 

a rate considered to be of epidemic proportions (World Health Organization, 

1998; James et al., 2001; Mokdad et al., 2003). Since obesity is a strong predictor 

for the development of insulin resistance (Mokdad et al., 2003; American Heart 

Association, 2003), it is not unexpected that the prevalence of diabetes has in-

creased globally (Amos et al., 1997; Wild et al., 2004) and is projected to further 

increase during the coming two decades (Wild et al., 2004). Although the devel-

opment of the morbidity is multi-factorial, a large body of evidence exists for the 

relationship between sedentariness and increased risk for CVD and related risk 

factors in adults. In short, physical activity is negatively related to development of 

CVD, with coronary heart disease in particular, where those who change from 

being inactive to at least moderately active significantly reduce their CVD risk 

(Berlin et al., 1990; Paffenbarger et al., 1993; Sesso et al., 2000; Lee et al., 2001). 

Further, significant influences of physical activity for the prevention and treat-

ment of diabetes and factors related to the metabolic syndrome, including obesity, 

have frequently been reported (Tuomilehto et al., 2001; Erlichman et al., 2002; 

Hu et al., 2005; Wareham et al., 2005; Ekelund et al., 2007; Jeon et al., 2007). 

In children and adolescents the prevalence of manifest diagnosis of CVD or 

diabetes is for natural reasons very low compared to the adult population. How-

ever, prevalence of overweight in youth have increased globally over the last dec-

ades (Mårild et al., 2004; Andersen et al., 2005; Lobstein et al., 2003; Lobstein et 

al., 2007; Kimm & Obarzanek, 2002). Similarly, the prevalence of type 2 diabe-

tes, which normally is regarded as a middle-age disease, has reported to increase 

in children and adolescents (American Heart Association, 2003; Alberti et al., 

2004). The strong link between obesity and diabetes in young people is evident as 

about 85% of the children and adolescents diagnosed with diabetes are reported 

to be overweight or obese (American Diabetes Association, 2000). The pathologi-

cal processes and risk factors associated with typically adult-related morbidities 

(e.g. atherosclerosis) have been reported to be evident already in childhood 
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(McGill et al., 2000). Further, overweight in childhood increases the risk of 

overweight in adulthood (Whitaker et al., 1997; Field et al., 2005; Deshmukh-

Taskar et al., 2006), and being overweight during growth years has showed to 

increase risk of adverse health effects and premature death in adulthood (Must et 

al., 1992; Dietz, 1998; Maffeis & Tato, 2001; Field et al., 2005). Taken together, 

these findings provide a rationale for the need of prevention efforts, including 

promotion of physical activity, to begin already in early ages.  

Despite the recently increased prevalence of unhealthy weight gain and related 

morbidities in the young population, no firm evidence for a casual link between 

higher levels of physical activity and positive health effects in youth exists (Rid-

doch, 1998; Livingstone et al., 2003; Biddle et al., 2004). The reason for this is 

likely multi-factorial. Children are the healthiest group in the population and 

markers of health outcomes, supposedly linked to a physically active lifestyle, 

may be hard to sufficiently detect in childhood (Biddle, et al. 2004). That is, the 

occurrence of certain disease risk factors may not show until later in life, al-

though they may be a consequence of a sedentary lifestyle during childhood. Fur-

ther, studies based on cross-sectional design allow detection of associations be-

tween exposures and outcomes but prohibits conclusions about the direction of 

the association. To determine causality and the existence of a dose-response rela-

tionship between physical activity and health outcomes, controlled randomised 

trials and longitudinal prospective studies, starting from an early age are needed. 

Furthermore, the assessment of physical activity is a challenge and methodologi-

cally difficult. The choice of assessment method will therefore influence the ability 

to make valid conclusions about habitual physical activity and its effects on 

health (Riddoch, 1998).  

Although relationship between physical activity and health outcomes ob-

served in children is weaker compared to adults, recent studies have in fact been 

able to demonstrate beneficial associations between physical activity and an array 

of health-related outcomes, such as markers for obesity (Rowlands et al., 2000, 

Berkey et al., 2003; Ness et al., 2007), insulin resistance (Brage et al., 2004; Im-

peratore et al., 2006), and clustered metabolic risk (Andersen et al., 2006; Eke-

lund et al., 2006).  

Promoting physical activity during childhood should not purely be seen as a 

preventive measure in order to decrease risk for developing diseases later in life. 

For example, involvement in various forms of physical activities, including 

weight-bearing activities, facilitates development of muscular strength and flexi-

bility, increase in bone mineral density and cardio-respiratory functioning during 

growth (Payne et al., 1997; Bailey et al., 1999; Biddle et al., 1998; Malina et al., 
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2004; Strong et al., 2005; Tobias et al., 2007). Establishing a physically active 

lifestyle in early ages may increase the likelihood of being physically active as an 

adult. Although a low to moderate tracking of physical activity behaviour has 

been observed in earlier studies, it has been suggested that patterns in young ages 

will influence on activity levels in later life (Corbin, 2001). Recent studies have 

also indicated tracking of physical activity level during years in childhood (Janz et 

al., 2005), from childhood through adolescents (Kristensen et al., 2007; 

McMurray et al., 2003), and from childhood into adulthood (Telama et al., 

2005). Therefore, a physically active lifestyle is likely beneficial for optimal health 

development during growth and also for establishing long-term physical activity 

habits and decrease the risk of adverse health effects later in life. 

1.4 PHYSICAL ACTIVITY RECOMMENDATIONS 

Over the last decades, numerous recommendations stating appropriate amounts 

of physical activity for the adult population have been proposed (Blair et al., 

2004). The basis for current recommendations about health-related physical acti-

vity is the compelling evidence that even relatively small amounts of moderate-

intensity physical activity can substantially decrease CVD risk in previously se-

dentary individuals (Blair et al., 2004; Livingstone et al., 2003). Examples of re-

commendations on amounts of health-related physical activity aiming at adult 

populations can be found in Pate et al. (1995) and Haskell et al. (2007). Fewer 

recommendations exist aimed specifically at children and adolescents compared 

to adults. One likely explanation is that the relationship between physical activity 

and health is less consistent in youth compared to adults, thus making a firm evi-

dence-based recommendation difficult. Therefore, the basis for recommendations 

for youth has borrowed much from the evidence of health effects in adult groups. 

Blair et al. (1989) suggested a minimum level of physical activity of 3 kcal�kg-1 per 

day, an energy expenditure known to be associated with reduced mortality in 

adults. The focus of the recommendation would primarily be to promote an active 

lifestyle in early age to persist throughout the lifespan. The amount of physical 

activity proposed would approximately translate to about 20−40 minutes of daily 

moderate-intensity physical activity (Cureton, 1994). As a result of an internatio-

nal consensus conference, Sallis & Patrick (1994) presented a set of physical acti-

vity guidelines for adolescents (defined as 11 to 21 years). The first guideline sta-

ted that all adolescents should be physically active daily as part of the every-day 

life. No particular intensity or duration was specified. The second guideline stated 

that all adolescents should engage in at least three sessions per week of physical 
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activity of moderate-to-vigorous exertion (50% of VO2max), with every session 

lasting 20 minutes or longer. This recommendation is very similar to the current 

ACSM/AHA recommendation for adults (Haskell et al. 2007).  

As the result of a more recent international consensus conference, Biddle et al. 

(1998) updated the physical activity guidelines. These guidelines now included 

both children and adolescents (defined as 5 to 18 years) and suggested that all 

young people should participate in physical activity of at least moderate intensity 

for one hour per day. The term moderate intensity was defined as approximately 

40-60% of VO2max, and examples of activities of this level would be brisk walk-

ing, bicycling and playing outdoors (Pate et al., 1998). A secondary recommenda-

tion stated that twice a week some of the activities performed should help to en-

hance and maintain muscular strength, flexibility and bone health (i.e. weight-

bearing activities). Critique against the recommendations may be that the under-

lying scientific evidence of the proposed amounts (i.e. intensity and duration) and 

types of activity and its effect on health status during youth remain yet unclear 

(Epstein et al., 2001; Twisk, 2001). Further, given the high prevalence of child-

hood obesity, a clearer recommendation stating amounts of physical activity, in 

terms of energy expenditure, needed to prevent unhealthy weight gain has been 

warranted (Livingstone et al., 2003). Despite the limited evidence, the recommen-

dation presented by Biddle et al. (1998), stating 60 minutes of daily physical ac-

tivity of at least moderate intensity, has gained acceptance as the current recom-

mendation to use in the work of promoting health during growth years (Boreham 

& Riddoch, 2001; Livingstone et al., 2003; Strong et al., 2005).  

1.5 LEVELS AND PATTERNS OF PHYSICAL ACTIVITY IN YOUTH 

A popular public perception, often emphasized by media, is that of increasingly 

sedentary lifestyles of contemporary children and adolescents consequently with 

less time spent at active pursuits compared to previous generations. This percep-

tion may be indirectly supported by the observed decline in daily energy intakes 

in British adolescents from the 1930s to the 1980s, without a concomitant decre-

ase in body mass (Durnin, 1992). However, no firm evidence for a decline in phy-

sical activity levels in youth exists. In fact, the exact amount of activity youth en-

gage in is yet undecided. The large number of various studies presenting prevalence 

rates of physical activity in youth has been characterized more by its quantity 

than its quality (Livingstone et al., 2003). Previous reviews based on self-report 

methods have come to different conclusions. For example, it has been suggested 

that children rarely participate in amounts of activity sufficient to have health 
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benefits (Cale & Almond, 1992), while others concluded that children spend 

enough amounts of activity to achieve health benefits (Sallis, 1993). Boreham & 

Riddoch (1995) reviewed 36 studies, including studies based on self-report and 

objective monitoring by HR recording and concluded that studies using self-

report methods in general report higher levels of physical activity compared to 

studies using heart rate monitoring. This discrepancy was explained by that child-

ren tend to overestimate actual time spent in physical activity, which therefore sho-

uld be taken into account when interpreting self-report data. Based on studies 

using HR monitoring, children spent between 15 to 60 minutes at moderate-to-

vigorous intensity of physical activity (MVPA) per day. Further, physical activity 

levels seemed to decline by age and boys were generally more active than girls 

(Boreham & Riddoch, 1995). Another review by Armstrong & van Mechelen 

(1998) confirmed the observation that boys are more active than girls and that 

amount of physical activity decline by age. They also reported that while most 

children seem to accumulate at least 30 daily minutes at MVPA, very few children 

are able to sustain a 20-minute period of physical activity of at least moderate 

intensity, as recommended (Sallis & Patrick, 1994). Finally, the authors conclu-

ded that accurate information on habitual physical activity is limited due to the 

lack of valid objective assessment methods suitable to use in larger representative 

samples (Armstrong & van Mechelen, 1998). 

Epstein et al. (2001) reviewed 26 studies based on HR monitoring and con-

cluded that young people accumulate about 50 minutes of health-related physical 

activity, meaning that they fulfil the adult recommendation of 30 daily minutes of 

physical activity, while falling short of the 60-minute recommendation proposed 

by Biddle et al. (1998). Similar to the previous review by Armstrong & van 

Mechelen (1998), the authors concluded that children’s activity patterns are best 

described as sporadic and intermittent, as they seem to engage in MVPA in very 

brief periods rather than in continuous bouts.  

The main issue when comparing results from various studies using HR moni-

toring is that relatively few studies have performed individual calibration for the 

relationship between HR and VO2 during different work loads, which is neces-

sary to obtain heart rates corresponding to a specific intensity for each individual. 

Instead, analysis of time spent above arbitrary values (e.g. 140 and 160 beats per 

min) have been used in several studies, which limits the ability of making valid 

conclusions about the actual amount of physical activity performed (Boreham & 

Riddoch, 1995; Epstein et al., 2001; Ekelund et al. 2001). Given the need of de-

termination of the individual relationship between HR and VO2, the use of HR 

monitoring has often become limited to smaller non-random study populations.  

31



To date, a large number of studies including accelerometer-assessed physical 

activity have been published. Only those with the specific aim to examine preva-

lence of physical activity levels in youth are included in the following summary. 

Trost et al. (2002) measured daily time spent at MVPA in 375 seven- to 15-

year-olds American children. Overall, children spend 50−200 minutes at MVPA 

depending on age and gender. Physical activity declined significantly with increas-

ing age and boys were more active than girls in all age groups. Based on the same 

study population, Pate et al. (2002) reported how the observed levels of physical 

activity complied to recommended amounts of activity previously presented (Sal-

lis & Patrick, 1994; Biddle et al., 1998). Across age and gender groups, about 

90% achieved 30 daily minutes of at least moderately-intense physical activity, 

around 70% achieved 60 daily minutes, and less than 3% showed at least three 

weekly 20-min bouts of MVPA.  

Riddoch et al. (2004) reported time spent at MVPA in 2185 nine- and 15-

year-olds from four European countries. The results suggested that children and 

adolescents spend between 70 to 200 minutes per day at MVPA depending on 

age, gender and geographical location, which is in agreement with the results pre-

viously reported by Trost et al. (2002). Boys were more active than girls, and 9-

year-olds more active than 15-year-olds. Almost all 9-year-olds accumulated at 

least 60 daily minutes at MVPA, and the corresponding results for 15-year-olds 

were 80% and 62% for boys and girls, respectively. Although a subgroup of ado-

lescents failed to achieve recommended amounts of activity, a large majority seem 

to accumulate substantial amounts of physical activity sufficient to achieve health 

effects. In contrast, two recent studies provide a different picture of children’s 

activity levels. Pate et al. (2006) assessed physical activity in 1578 twelve-year-old 

girls and reported that girls in this age group accumulated in average 24 minutes 

per day of at least moderately-intense physical activity, and hardly any of the girls 

(0.6%) achieved the 60-minute recommendation. Similarly, Riddoch et al. (2007), 

reported that 11-year-old British children (n=5595), only spend about 20 minutes 

per day of at least moderately-intense physical activity, making the absolute ma-

jority (97%) of children to fall short of the 60-minute recommendation. More-

over, only 40% of the boys and 20% of the girls averaged at least one daily bout 

of activity lasting more than 5 minutes, and less than 1% averaged one daily 20-

min bout of activity, regardless of gender (Riddoch et al., 2007). The most likely 

reason for the obvious discrepancy in proportions achieving the 60-minute recom-

mendation between these studies is the use of different accelerometer count cut-

points for defining time spent at MVPA. The result from the studies by Trost et 

al. (2002) and Riddoch et al. (2004) was based on identical count cut-points, 
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which is lower compared to those used by Pate et al. (2006) and Riddoch et al. 

(2007), respectively.  

In conclusion, these accelerometer-based studies, together with more recent 

reviews discussing children’s levels of habitual physical activity (Livingstone et al., 

2003; Biddle et al., 2004; Strong et al., 2005; Armstrong & Welshman, 2006), 

confirm a number of conclusions made in earlier reviews. First, the level of physi-

cal activity seems to decline by age. This decline is especially observed when com-

paring age groups before and after puberty. Secondly, boys are generally more 

active than girls in all age groups. The gender difference seems more pronounced 

for higher-intensity physical activity. Thirdly, children’s activity patterns are in-

termittent, as they rarely engage in continuous bouts of activity lasting more than 

a few minutes at a time, although they may accumulate a substantial amount of 

time in physical activity over a day. Therefore, the number of children classified 

as achieving sufficient amounts of health-related physical activity will vary de-

pendent on whether recommendations describe continuous bouts of physical ac-

tivity or accumulated time in physical activity per day. Accumulated time rather 

than continuous time in physical activity has recently been emphasized as the ap-

propriate measure when evaluating levels of activity in youth (Strong et al., 

2005). Finally, while a portion of children and adolescents appear to perform 

little physical activity, no definite conclusion about levels of daily physical activity 

among children can currently be made. Nor can it be concluded whether children 

have become increasingly sedentary over time. Lack of temporal trend data, di-

versities in methods used and data handling procedures, together with different 

operational definitions for what is health-related physical activity have made inter-

pretations and comparisons of results between studies difficult. (Welk et al., 2000; 

Livingstone et al., 2003; Biddle et al., 2004; Armstrong & Welshman, 2006).  

1.6 VARIABILITY IN PHYSICAL ACTIVITY PATTERNS 

Assessing physical activity with regard to different seasons, type of days and time 

periods within a day is of interest to increase our understanding about physical 

activity variability. Identifying type of days or periods within a day typically rela-

ted to lower levels of physical activity and increased time in sedentary is of inte-

rest as such information may facilitate the planning of interventions aiming to 

promote increased amounts of physical activity.  

First it can be hypothesised that variability in physical activity patterns is likely 

to be observed between seasons, especially in the northern hemisphere where out-

side temperatures and weather conditions differ substantially between summer and 
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winter time. Therefore, it has been argued that seasonal variations should be taken 

into account when interpreting results on levels of physical activity between studies 

(Livingstone et al., 2003). Recent studies assessing activity levels in children and 

adolescents have also confirmed an effect of season on physical activity behaviour 

(Plasqui & Westerterp, 2004; Kristensen et al., 2007; Mattocks et al., 2007).  

School days and weekend days are likely to provide different opportunities 

for being active, and differences in physical activity behaviour are likely to be ob-

served. However, a recent study hypothesised that the variation in physical activ-

ity lies within the child and not his environment (Wilkin et al., 2006), which 

would imply a consistent activity level between days. On the other hand, Jago et 

al. (2005) reported a significant increase in time spent sedentary (e.g. 

TV/electronic games) during weekend days compared to weekdays in 13-year-old 

children, which may indicate that these sedentary activities displace time spent at 

moderate and vigorous levels of activity. Earlier studies examining differences in 

the amount of physical activity between weekdays and weekend days are not con-

clusive. For example, one recent study showed that adolescent girls spend more 

time at MVPA during weekdays compared to weekends (Treuth et al., 2007). 

Another study showed contrasting results, where young children spent more time 

at MVPA during weekends compared to weekdays, while the opposite was ob-

served in adolescents (Trost et al., 2000). Others have shown that time spent at 

MVPA was greater during weekdays compared to weekend days in primary 

school children while no clear difference was indicated in high school students 

(Gavarry et al., 2003). Additionally, one study reported no differences between 

weekend days versus weekdays in amount of physical activity in first-grade school 

children (Sallo & Silla, 1997).  

Patterns of physical activity and time spent sedentary has previously been 

shown to vary significantly between different time blocks of a day, and this vari-

ability seems to be modified by gender, (Jago et al., 2005). In youth, school time 

and leisure time are the two major time domains of a weekday and likely provide 

different opportunities for accumulating physical activity. Physical activity pat-

terns in children have also been reported to be more consistent in the school envi-

ronment compared to leisure time periods after school (Fairclough et al., 2007). 

However, there is limited knowledge about the actual amount of time spent 

physically active during different time blocks within a day, and thus its contribu-

tion to the total amount of physical activity. Mallam et al. (2003) and Dale et al. 

(2000) have reported on physical activity levels stratified by school time and lei-

sure time in 9-year-olds. Mallam et al. (2003) concluded that the total daily 

amount of physical activity is mainly determined by leisure time activity whereas 
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Dale et al. (2000), concluded that school time physical activity is the most impor-

tant contributor to the totality of daily physical activity. No information about 

differences in time spent in health-related physical activity between time periods 

was given in these two studies.  

In conclusion, information on differences in physical activity pattern with re-

gard type of day (i.e. school day and free day) and within days (i.e. school time 

and leisure time) is currently inconclusive. Similar to studies examining the preva-

lence of health-related physical activity, differences in assessment methods and 

data reduction procedures between studies combined with relatively small sample 

sizes have made conclusions elusive. Further, information about variability in 

time spent sedentary is often lacking. Clarifying differences in patterns of physical 

activity and time spent sedentary, and the effect of those differences for ability to 

reach recommended levels of physical activity, is of interest as it would provide 

possibilities to identify appropriate time periods for promotion of physical activ-

ity and a subsequent reduction in sedentary behaviour.  

1.7 BEHAVIOURAL INFLUENCES ON PHYSICAL ACTIVITY 

It has been argued that interventions aiming to promote physical activity should 

target consistent modifiable correlates of physical activity to be most effective 

(Baranowski et al., 1998). Age, gender, ethnicity and socio-economic status repre-

sent determinants for physical activity (Sallis & Owen, 1999; Wold & Hendry, 

1998), however they are not modifiable and more suitable for identifying groups at 

risk of being inactive. Data from cross-sectional studies of associations can identify 

behavioural mediators of physical activity and thereby provide a base for selection 

of appropriate targets for change when planning future interventions (Sallis et al., 

2000). Examining determinants on physical activity in children is complicated by 

the rapid physical, social and psychological development during growth years (Sal-

lis & Owen, 1999). That is, influences on physical activity identified to be impor-

tant in childhood may change and be irrelevant during adolescence.  

Participation in different types of leisure time activities such as organized 

sports is likely to influence on overall daily levels of physical activity. For exam-

ple, different rates of enrolment in organized sports between genders has been 

suggested as one variable explaining gender differences in daily physical activity 

levels (Vilhjalmsson & Kristjansdottir, 2003). This is supported by studies indi-

cating involvement in organized sports as a determinant for overall levels of 

physical activity (Spinks et al., 2006), and also a predictor of stability of activity 

levels through adolescence (Aarnio et al., 2002) and from adolescents into adult-
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hood (Telama et al., 2006). Further, two different reviews of correlates of physi-

cal activity in children have concluded that time spent outdoors is associated with 

physical activity in children younger than 13 years (Sallis et al., 2000; Ferreira et 

al., 2006), suggesting that children’s play outdoor incorporate more health-

related physical activity compared to indoor activities at home.  

Active transportation (e.g. walking or cycling) to and from school has re-

cently gained attention as being a potential mediator of physical activity among 

youth. Tudor-Locke et al. (2002) reported a significant decrease in proportions of 

10-year-old children achieving recommendations of daily physical activity if ac-

tive commuting was omitted from the analysis, indicating that mode of transpor-

tation is an important contributor to daily amount of physical activity. In con-

trast, Cooper et al. (2003) reported physical activity data based on accelerometer 

measurements in 10-year-old children and observed no difference in proportions 

achieving physical activity recommendations between commuting groups, and 

suggested that any influence of active commuting on overall physical activity was 

observed in boys only. Sirard et al. (2005) assessed physical activity by acceler-

ometers in 10-year-olds and reported that walking to and from school were asso-

ciated with 24 additional minutes spent at MVPA. However, only 10 of those 24 

minutes were directly related to active commuting (Sirard et al., 2005). Saksvig et 

al. (2007) assessed physical activity by accelerometer in a large population (n= 

1596) 12-year-old girls and estimated the contribution to daily time spent at 

MVPA from active commuting of about 5 minutes.  

Sedentary activities such as TV-viewing may potentially have a negative im-

pact on daily levels of physical activity as excessive media use may displace more 

active pursuits, resulting in low levels of physical activity (Fox and Riddoch, 

2000). Some have suggested that TV-viewing and computer use are positively 

related to overweight in youth (Gortmaker et al., 1996; Robinson, 1999; Mar-

shall et al., 2004; Andersen et al., 2005). Based on this association, limiting TV-

viewing among youth to less than two hours per day has been recommended 

(American Academy of Pediatrics, 2001). A large-scale (n=7982) cross-sectional 

study examining sedentary behaviours and physical inactivity in 15-year-olds re-

ported TV-viewing to be associated with physical inactivity (Koezuka et al., 

2006). It has been suggested that TV may displace time in physical activity in 9 to 

12-year-olds, especially in the afternoon time after school (Hager, 2006), while 

others have reported no association between TV-viewing and time spent in active 

play in the same age group (Vandewater et al., 2006). One meta-analysis based on 

a compilation of studies examining associations between TV viewing and physical 

activity behaviour in youth have concluded associations to be either small or close 
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to zero, depending on age groups studied (Marshall et al., 2004). Further, a recent 

longitudinal study reported no associations between changes in TV viewing and 

changes in leisure time MVPA in 10 to 15-year-olds (Taveras et al., 2007).  

Several previous studies evaluating impact of different behavioural influences 

on physical activity and time spent sedentary have been based on self-report 

methods (Sallis et al., 2000; Tudor-Locke et al., 2002; Vilhjalmsson et al., 2003; 

Spinks et al., 2006; Koezuka et al., 2006; Vandewater et al., 2006; Taveras et al., 

2007). Given the fact that children’s activity pattern seems to be characterized by 

intermittent episodes of physical activity with short durations and varying intensi-

ties (Baily et al., 1995; Armstrong & van Mechelen, 1998; Epstein et al., 2001), it 

is unlikely to be captured accurately by self-report. Therefore, self-report methods 

may limit the detailed description of physical activity behaviour in youth and the 

true associations between different behavioural variables and physical activity is 

less likely to be observed. Therefore, examining influence of potential correlates 

of physical activity and time spent sedentary based on an objective assessment 

technique is much more likely to detect existing associations and its actual 

strength. Moreover, as the effectiveness of any promotion effort aiming to in-

crease physical activity levels and reduce sedentary behaviour is likely dependent 

on selecting appropriate mediators of habitual physical activity, further investiga-

tions clarifying such mediators for different age groups is warranted.   
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2  PURPOSE 

The overall purpose of the studies summarised in this thesis was to increase the 

knowledge about the use of accelerometry when assessing physical activity in 

children, and examine sources of variability in objectively assessed physical activ-

ity behaviour in children. Specific aims were to: 

 

1. examine how different time sampling intervals (epochs), and the influence 

of placement of the monitor, would affect the outcome from the MTI ac-

celerometer (Study I). 

 

2. examine the degree of agreement between three different equations, 

developed to predict energy expenditure from accelerometry, when ap-

plied to a large sample of children (Study II). 

 

3. examine differences in level of physical activity, time spent at MVPA 

and time spent sedentary between- and within-days with regard to age, 

gender and geographical location in 9- and 15-year olds from four 

European countries (Study III).   

 

4. examine associations of potential correlates (mode of transportation, 

outdoor play after school, participation in exercise in clubs, and TV 

viewing) on objectively assessed physical activity and sedentary behav-

iour in a large sample of 9- and 15-year-olds from three different geo-

graphical regions in Europe (Study IV). 
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3  MATERIALS AND METHODS 

3.1 STUDY DESIGN AND SAMPLING 

The children in Study I were recruited by a convenience-sampling procedure from 

a local elementary school in the Örebro area of Sweden. A total of 16 seven-year-

old children (10 boys and 6 girls) participated. The children and their parents 

signed a written consent form prior to the study. 

Children included in Study II to IV were all participants in the European 

Youth Heart Study (EYHS). The EYHS is a multi-centre cross-sectional study 

aimed to study the nature, strength and interactions between personal, environ-

mental and lifestyle influences on CVD risk factors in a large population of chil-

dren from different European countries. The EYHS comprises data from Norway 

(Oslo), Denmark (Odense), Estonia (Tartu) and Portugal (Madeira) and have 

been pooled into one database for analysis. To ascertain comparable data, all par-

ticipating countries followed a standardized protocol on sampling procedure and 

data variable assessment. A pre-study training program for all researchers in-

volved in variable assessment was carried out, and standardization and calibra-

tion of all instruments and equipments were made across study locations. A com-

plete description of rationale, aims, study design and assessed variables in the 

EYHS has been presented previously (Riddoch et al., 2005).  

The study sample was recruited using a two-stage cluster procedure in each 

study location. First, all public schools within each local area was identified and 

stratified by school grade and mean income level of the local area; below or over 

the mean income in the municipality. Schools were then randomly selected within 

each stratified group and invited to participate. Secondly, groups of children aged 

9 and 15 years were randomly selected from each school in proportion to school 

size and invited to participate. Written informed consent was obtained from par-

ent or legal guardian to each participant and the study was approved locally in 

each country. A total of 4072 children agreed to participate. Of those, 2739 chil-

dren completed assessment of PA (67%). Due to inclusion criteria to ascertain 

quality of PA data, the final sample with complete PA data was 1184 nine-year-

olds (Denmark: 301 [141 boys]; Portugal: 292 [151 boys]; Estonia: 299 [151 

boys]; Norway: 292 [152 boys]) and 770 fifteen-year-olds (Denmark: 198 [86 

boys]; Portugal: 162 [79 boys]; Estonia: 272 [100 boys]; Norway; 138 [58 boys]). 

In both ages, no difference between the final sample and those excluded was evi-

dent in height, weight or body mass index, with the exception of height among 

15-year-old boys (included vs. excluded: 174 ± 8 cm vs. 172 ± 8 cm; P < 0.05).  
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3.2 ANTHROPOMETRICS  

In all studies (I to IV), height was measured to the nearest 0.5 cm with a portable 

Harpenden stadiometer and weight was measured to the nearest 0.1 kg with a 

beam balance scale. Body mass index was additionally calculated as weight (kg) / 

height2 (m) (Study II). 

3.3 ASSESSMENT OF PHYSICAL ACTIVITY  

In all four studies, data on physical activity (PA) was assessed using the MTI ac-

celerometer, model 7164 (Manufacturing Technology Inc., Fort Walton Beach, 

FL). The children were told to wear the monitors during all waking hours, except 

when bathing or swimming.  

In Study I, activity registration was conducted over a 4-day period, three week-

days and one weekend day. All children wore two monitors, one on the lower back 

(i.e. as close as possible to the centre of gravity) and the other on the right side of 

the hip. The monitors were tightly strapped to the body using an elastic belt. The 

monitors were initialized to measure with a 5-second epoch. The monitors were 

switched between hip and back placement after half of the measurement period to 

control for potential inter-instrument differences. Because of the limited memory 

capacity of the monitor when using the 5-second epoch, data was downloaded af-

ter two days and then reinitialized to measure the two remaining days.   

In Study II to IV, the children wore the accelerometer using an elastic belt at-

tached on the hip during all waking hours for four consecutive days, including 

two weekdays and two weekend days. Four days of measurement was selected to 

balance activity recording time to be fairly representative for average PA behav-

iours on group level, and yet being logistically feasible for administration in a 

larger study population, and also to minimize demand on subjects. Previous stud-

ies have shown that four days of measurement provide a reliable picture of habit-

ual PA in children (Janz et al., 1995; Trost et al., 2000).  

The accelerometer was set to record PA data every minute (60s epoch). The 

administration of accelerometers was conducted in collaboration with the schools 

and therefore the measurement period followed the school year, with the majority 

of measurements performed between September and May. Inclusion criteria were 

a minimum of three days of registration, including at least one weekend day and 

at least 600 registered minutes per day. Although 10 hours do not cover all wak-
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ing hours it was yet considered to provide a sufficient picture of daily PA. A re-

cent study has also shown that reliability in assessing daily habitual PA increases 

with increased monitored time, but only up to 600 min per day (Penpraze et al., 

2006).  

3.4 PHYSICAL ACTIVITY DATA REDUCTION AND ANALYSIS  

In all four studies, sequences of 10 or more consecutive zero counts were defined 

as missing data. This to ensure that only wear-time of the monitor was calculated 

as registered time. In Study I, the activity counts were reintegrated from 5-second 

epochs into 10-, 20-, 40- and 60-second epochs.  

In all four studies, total number of counts over registered time (cnts·min-1) 

was calculated and expressed as overall level of PA. Time spent at different inten-

sities of PA was additionally expressed (Study I, III, IV). In Study I, cut-off limits 

for activity counts defined as moderate (1952–5724 cnts·min-1), high (5725–9498 

cnts·min-1) and very high intensity (� 9499 cnts·min-1) levels were used based on a 

previously published prediction equation (Freedson et al., 1998). These limits cor-

respond to 3–5.99, 6–8.99 and � 9 METs, respectively based on measurements in 

adults. However, they were slightly modified in order to make them divisible into 

exact numbers. Thus, the cut-off limits used were 1956–5759, 5760–9479 and � 

9480 cnts·min-1. Since these limits are only useful with a 60-second measurement 

period, they were divided to correspond to the outcome of 5-second (163-479, 

480-789, � 790 cnts·epoch-1), 10-second (326-959, 960-1579, � 1580 cnts·epoch-

1), 20-second (652-1919, 1920-3159, � 3160 cnts·epoch-1) and 40-second epoch 

(1304-3839, 3840-6319, � 6320 cnts·epoch-1) measurements (Study I). The num-

ber of minutes in each intensity level was summarized over all four measurement 

days. In addition, total number of 10-minute periods where activity counts ex-

ceeded the moderate intensity threshold was calculated over the four-day meas-

urement.  

In Study III and IV, all minutes above 2000 counts during a day was summa-

rized and expressed as time spent at MVPA. This threshold roughly estimates a 

walking pace of 4 km/h (Eston et al. 1998; Brage et al., 2003; Puyau et al., 2002; 

Schmitz et al., 2005), and has been used in previous studies for defining time 

spent at MVPA in children (Ekelund et al., 2004; Andersen et al., 2006). In addi-

tion, time spent sedentary was defined as < 100 cnts·min-1. Measurements during 

sitting and playing video games in children have showed count values well below 

100 cnts·min-1 (Puyau et al., 2002; Treuth et al., 2004) and this threshold has 
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been also used to define time spent sedentary in similar studies (Treuth et al., 

2007).  

In Study III, all data was calculated separately for weekdays and weekend 

days. Further, all data from weekdays were divided into two time blocks. In 9-

year-olds, the two time blocks were set from 8 AM to 2 PM and 2 PM to midnight. 

Corresponding values for the 15-year-olds were 8 AM to 3 PM and 3 PM to mid-

night, respectively. These two time blocks were selected representing an average 

school day based on personal knowledge about schooling times obtained during 

the data collection in the participating schools. Finally, proportions accumulating 

at least 60 minutes of MVPA was calculated and separated for weekdays and 

weekend days, and school time and leisure time (Study III). 

3.5 PREDICTIONS OF ENERGY EXPENDITURE ESTIMATES  

TEE and its components (PAEE and PAL) were calculated from accelerometer 

counts based on three different prediction equations (Study III).  

The first set of estimates was based on an equation developed by simultane-

ous measurement of accelerometer counts, expressed as cnts�min-1, and PAEE 

(kcal·day-1) by the DLW method in 26 children (9 yr-olds) in free-living condi-

tions (Ekelund et al., 2001). The second set of energy expenditure estimates was 

based on an equation developed during treadmill locomotion in 80 children with 

an age range of 6-17 years, where oxygen uptake by indrect calorimetry and ac-

celerometer counts were simultaneously measured during the test (Trost et al., 

2002). The third set of energy expenditure estimates was based on an equation 

developed during different structured activities in a metabolic chamber where 

PAEE (by indirect calorimetry) and accelerometer counts were simultaneously 

measured in 26 children with an age range of 6-16 years (Puyau et al., 2002). En-

ergy expenditure estimates from the free-living derived equation (Ekelund et al., 

2001) were compared with estimations from the two laboratory-based equations 

developed for use in children (Trost et al., 2002; Puyau et al., 2002). All three 

equations are shown in Table 1. 

TEE was predicted by recalculating 1 MET defined as 3.5mlO2·kg-1·min-1 to 

units of energy expenditure (kcal.day-1) by assuming a conversion factor of 4.825 

kcal per litre of oxygen consumed, and a resting respiratory quotient equivalent 

to 0.82 (Weir, 1949) from the equation developed by Trost et al. (2002). This 

value was then multiplied with the predicted MET value to express TEE. Pre-

dicted resting energy expenditure (REE) according to Schofield et al. (1985) was 

subtracted from TEE to predict PAEE. 

44



Similarly, TEE was calculated by summing PAEE and predicted REE esti-

mated according to Schofield et al. (1985) when estimated from the equation de-

veloped by Puyau et al (2002). 

When calculating TEE from PAEE and REE (or vice versa) from the labora-

tory-based equations, the diet induced thermogenesis was assumed to account for 

10% of TEE (Maffeis et al., 1993). 

 

 

 

 

Table 1. The three equations used for predicting TEE and its components from  
accelerometer measurement.  

 Prediction Equation 

Ekelund et al. 
2001) 

PAEE (kcal·day-1) = 66.847 + (cnts�min-1 · 0.953) – (176.91 · Gen-
der) 

Puyau et al.  

(2002) 

PAEE (kcal·kg-1·min-1 ) = 0.0183 + (cnts�min-1 · 0.00001) 

Trost et al. 

(2002) 

METs = 2.757 + (cnts�min-1 · 0.0015) – (0.08957 · Age) - (0.000038 · 

               cnts�min-1 · Age) 

Gender: boys = 0, girls = 1. Age in years. 

 

 

Average energy expenditure estimates per day were calculated in two ways 

from the laboratory-derived equations. The first approach was calculated by mul-

tiplying the predicted outcome per minute by 1440 (24 hours). The second ap-

proach was calculated by multiplying the predicted outcome per minute by meas-

ured accelerometer time, assumed to correspond to awake time. The remaining 

time of the day was assumed as sleep, and energy expenditure was defined as REE 

according to Schofield et al. (1985). 

3.6 SELF-REPORTED MEASURES  

In Study IV, all participants completed a structured computerized questionnaire 

on numerous items related to health behaviour. The questionnaire was adapted 

from previously validated self-report instruments (Edmundson et al., 1996; Ko-

walski et al., 1997) and developed specifically for the EYHS. All children comple-
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ted the questionnaire individually and a researcher was available at all time to 

assist the child understanding the questions if needed. Otherwise the researcher 

was instructed not to interfere during the completion of the questionnaire. Ques-

tions were asked individually and had to be answered before proceeding to the 

next question. Four items acting as potential correlates of objectively measured 

time spent sedentary, time spent at MVPA and overall level of PA was chosen as 

follows; a) usual mode of travel to and from school including average time of tra-

vel, b) frequency in taking part in outdoor play after school, c) participation in 

exercise within sport clubs, and d) daily time spent watching television.  

Mode of travel to school was a closed question with three possible answers 

(motorized transport, bicycling and walking). However only motorized transport 

(non-active) and walking (active) was included in the analysis since vertical acceler-

ometry is unable to reflect PA intensity during bicycling (Treuth et al., 2004). Only 

three 9-year-olds and eleven 15-year olds reported bicycling to school. Those who 

reported motorized transport in one direction and walking in the opposite direction 

were classified as active commuters. Time length of travel had five possible answers 

(‘less than 5 min’, ‘5 to 15 min’, ‘15 to 30 min’, 30 min to 1 hour, ‘more than 1 

hour’). Data on frequency of outdoor play during leisure time (‘how often do you 

play games outside after school?’) had four possible answers (‘never/hardly ever’, 

‘once or twice a week’, ‘most days’, ‘every day’). Before analysis, data were com-

bined into two outcomes (‘twice a week or less’ or ‘most days/every day’). Data on 

participation in exercise in clubs (‘how often do you take part in exercise in clubs?’) 

had four possible answers (‘never/hardly ever’, ‘once or twice a week’, ‘most days’, 

‘every day’) and was also combined into two outcomes (‘never/hardly ever’ or ‘at 

least once a week’). Data on time watching television was based on two questions 

(‘how many hours of TV do you usually watch before school?’ and ‘how many 

hours of TV do you usually watch after school?’) with five possible answers 

(‘none’, ‘less than 1 hour’, ‘1−2 hours’, ‘2−3 hours, more than 3 hours’) for each 

question. Data on TV viewing before and after school were summarized and com-

bined into two outcomes (‘less than 2 hours per day’ or ‘2 hours or more per day’). 

In addition, data on parental socio-economic status (SES) were collected by paren-

tal report, assessed as a combination of the highest income and education in both 

parents. A detailed description of how parental SES was calculated has been de-

scribed elsewhere (Lawlor et al., 2005).  
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3.7 STATISTICS  

Mean ± SD are used to describe physical characteristics of the individuals, data 

on PA and estimates of energy expenditure components. One-way analysis of 

variance (ANOVA) was used to examine differences in anthropometrics between 

gender groups (Study II, III, IV), and differences between the epoch settings with 

regard to registered number of 10-minute periods of MVPA (Study I). To exami-

ne effects of epoch setting and monitor placement, a three-way ANOVA with 

epoch setting and body placement considered as fixed factors and subjects as a 

random factor was performed in Study I. Tukey’s post hoc test was subsequently 

performed to investigate differences between the epoch settings (Study I). Linear 

regression analyzes were performed to study a potential relationship between the 

difference in time spent at high and very high intensities with regard to epoch set-

ting (between the 5- and 60-second epoch measurements) in relation to overall 

level of PA (cnts·min-1) (Study I).  

Degrees of agreement were studied according to the method described by 

Bland & Altman (1986), where the difference between methods is plotted against 

the mean of the methods. Degree of agreement was studied for difference in over-

all level of PA (cnts·min-1) between the hip and low back placement (Study I), and 

for difference in PAEE between the free-living derived equation and the two labo-

ratory-derived equations (Study II). Estimation differences in overall level of PA 

(cnts·min-1) for different placements (Study I), and different PAEE between equa-

tions (Study II) were tested by paired t-test.  

Systematic differences between PAEE derived from the three different equa-

tions (Study II), were calculated as the Pearson correlation coefficients between 

the difference of the methods and the mean of the methods displayed in the 

Bland-Altman plots.  

ANOVA for repeated measures was used to investigate differences in overall 

PA level, time spent at MVPA and time spent sedentary between weekdays and 

weekends, and between school time and leisure time within a weekday (Study III). 

First a possible interaction between age and country with the dependent variables, 

day (weekday vs. weekend day) and time period (school time vs. leisure time) was 

examined. In the second step, the analysis was repeated stratified by age and 

country including gender as between-subject factor. Reanalyses including meas-

urement period as a covariate, and adjustment for registered time for between-

day differences were made but did not change the results and were not included 

in the final model (Study III). Differences in proportions who reached recom-
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mended levels of PA (60 min) between days was analysed by sign tests based on 

two related samples (Study III). 

In Study IV, univariate general linear models were used to examine the influ-

ence of different correlates on overall level of PA, time spent at MVPA and time 

spent sedentary, respectively. Data on time spent sedentary and at MVPA per day 

were expressed in relation to monitor wear time per day. Time period of data 

collection was summarized into three defined seasons; autumn (Sep-Nov), winter 

(Dec-Feb) and spring (Mar-Jun) and included as a covariate. All analyses were 

performed stratified by age and with gender, study location, season and parental 

SES as covariates. An interaction term (gender x study location x correlate) was 

included in each model. When investigating the associations with transportation 

mode to and from school, time length of travel was added as a covariate. Impact 

of each correlate on the dependent variables was analyzed separately (Study IV). 

In all studies alpha was set at 0.05.  
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4  RESULTS AND COMMENTS 

4.1 EFFECT OF EPOCH SETTING AND MONITOR PLACEMENT (STUDY I) 

The sum of minutes spent at different intensity levels of PA over four days of 

measurement are shown in Figure 1A – 1C (data from hip placement only). Signi-

ficant epoch effects were observed for sum of minutes above the high (P < 0.01) 

and very high (P < 0.01) intensity cut-points. In contrast, no effect of epoch set-

ting was observed for sum of time above the moderate intensity cut-point. No 

interaction effect of epoch setting and placement was observed. A combination of 

the monitor’s sampling procedure and the children’s activity behaviour, with very 

short bouts of time in higher intensity activities, is probably related to the magni-

tude of the epoch effect.  
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Figure 1. Total number of minutes 
spent above moderate (1a), high (1b) 
and very high (1c) intensity levels 
measured with five different epoch set-
tings (5-, 10-, 20-, 40- and 60-s). A 
main significant epoch effect was ob-
served for time spent at high (1b)  and 
very high (1c) intensities (P > 0.01). 
Significant differences compared to 60-
s epoch are marked (*P < 0.01). 
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When comparing number of 10-minute bouts of at least moderate intensity 

between epoch settings, using a 60-second epoch setting resulted in a significantly 

higher number of 10-minute bouts compared to all other settings (P < 0.01). Even 

if the majority of activities performed are intermittent, several shorter bouts of 

higher intensity activities combined with periods of low intensity activities may 

produce a count value above the cut point for moderate intensity when summed 

over a minute. In contrast, using a shorter epoch (e.g., 5- or 10-seconds) the short 

periods where the intensity drop below the actual cut-off value will be captured. 

Thus, only “true” steady state activities are judged as continous activities when 

measured with a shorter sampling interval.  

Further, no significant relationship for the difference between the 5s- and 60s-

epoch setting in time spent at high (r = .24; P = 0.36) and very high intensity (r = 

.46; P = 0.07) was observed when plotted against overall level of PA (cnts�min-1). 

These analyses were made to examine whether the magnitude of the epoch effect 

would be amplified among highly active individuals. However, such a hypothesis 

could not be verified.  

There was no significant difference between the two monitor placements for 

overall level of PA (cnts·min-1). The mean difference was 22 cnts·min-1, P = 0.20 

(limits of agreement [± 2SD]:  –110 to 154). A graphical presentation of the de-

gree of agreement between placements is showed in Appendix (Study I). Overall, 

no placement effect was found for time spent at different intensities of PA. The 

only exception was for time spent at moderate intensity when measured with the 

5-second epoch setting. However, when measuring PA using such a short epoch 

(i.e., 5-seconds) even very small differences in body site movements could be cap-

tured. These differences, though, could be considered as inevitable, without prac-

tical relevance and do not affect the general conclusions from the study. Taken 

together, these findings suggest that the two placements are comparable for use in 

free living children. 

4.2 COMPARISON OF ENERGY EXPENDITURE PREDICTION EQUATIONS (STUDY II) 

Predicted estimates of energy expenditure from the three different prediction equ-

ations are shown in Table 2. The equation by Trost et al. (2002) overestimated 

PAEE by 17% (P < 0.001) when based on 24 hours compared with DLW-

predicted PAEE. In contrast, when based on measured time it underestimated 

PAEE by 46% (P < 0.001).  
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Table 2. Mean values (� SD) of TEE, PAEE and PAL based upon different prediction 
equations when applied on the same accelerometer data.  

aBased on assumption that average counts per registered minute reflect measured time 
only, whereas remaining time is assumed to be sleep. 
bBased on assumption that average counts per registered minute reflect all minutes of the 
day (24 hours).    

**significantly different from Ekelund et al. (2001) equation estimate (P < 0.01)  

*significantly different from Ekelund et al. (2001) equation estimate (P < 0.05)  

 

 

Similarly, the equation by Puyau et al. (2002) overestimated PAEE by 83% (P < 

0.001) when based on 24 hours, and underestimated PAEE by 3% (P < 0.05) 

when based on measured time, compared with free-living predicted PAEE. The 

observed differences in predicted PAEE between equations remained similar when 

the equations were used to estimate TEE and PAL (Table 2). In comparison to the 

DLW-based equation, both laboratory-derived equations significantly overestima-

ted TEE and PAL when based on 24-hour measurement, and significantly unde-

restimated TEE and PAL when based on measured time.  

Regarding agreement between predicted PAEE from the Trost et al. (2002) 

equation and the DLW-based equation (Ekelund et al., 2001), a significant posi-

tive correlation between the difference of the methods and the mean of the meth-

ods was observed when predictions were based on 24 hours (r = -0.17; P < 

0.001). When predicted PAEE was based on measured time, a significant and 

positive correlation was observed (r = 0.26; P < 0.001), indicating a systematic 

bias for this equation regardless of the time factor used. Correspondingly, the 

observed error variance in PAEE between predicted PAEE from the Puyau et al. 

(2002) equation and the DLW-based equation (Ekelund et al., 2001) was ran-

domly distributed (r = 0.04; P = 0.12) when based on 24 hours. In contrast, a sys-

 
TEE 

(kcal·d-1) 

PAEE 

(kcal�d-1) 

PAL 

(TEE/REE) 

Equations    

Ekelund et al. 2049 � 348 663 � 274 1.74 � 0.26 

aTrost et al. (2002)   1709 � 347**   357 � 216**    1.44 � 0.17** 
bTrost et al. (2002)   2170 � 473**   773 � 318**    1.82 � 0.23** 

aPuyau et al. (2002)  2029 � 356*  646 � 227*    1.71 � 0.17** 
bPuyau et al. (2002)   2657 � 427**  1211 � 264**    2.24 � 0.14** 
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tematic error was indicated when PAEE was based on measured time (r = 0.20; P 

< 0.001). The degree of agreement between laboratory- and DLW-based equa-

tions is graphically shown in Appendix (Study II). 

Overall, individual differences were substantial, with standard deviations 

around ± 290 kcal·day-1, when comparing the laboratory-based equations with 

the DLW derived equation.  

Theoretically, predicted PAEE based on awake time is likely to provide the 

best prediction, since no PAEE per definition occurs during sleep. If this assump-

tion holds true, predicted PAEE from the equation by Puyau et al. (2002) were 

similar to the DLW-derived equation (Ekelund et al., 2001) and also in good 

agreement with measured PAEE reported elsewhere (Hoos et al., 2003). How-

ever, even if this equation produces a similar mean value of PAEE as the DLW-

based equation, a systematic trend of the differences was evident which may still 

limit to the comparability between equations to predict PAEE in free-living chil-

dren. The equation by Trost et al. (2002) clearly underestimated PAEE when 

based on awake time. The underestimation in predicted PAEE is also reflected in 

a predicted PAL value of 1.44 from this equation (Table 2), which is considerably 

lower than previously reported (Hoos et al., 2003). The equation by Trost et al. 

(2002) estimated EE within the normal range when based on 24 hour time factor. 

However, these values were estimated assuming that 1 MET is equal to 3.5 ml 

O2
.kg-1.min-1, which do not reflect multiples of true REE in children. We chose not 

to present data on PAEE based on age-adjusted REE when using the equation by 

Trost et al. (2002) since we believe that the METs predicted by the equation re-

flect oxygen uptake in relation to 3.5ml O2·kg-1·min-1. It should be emphasized 

that, if adjustment for children’s higher metabolic rate when expressed per kilo-

gram of body mass are made, the equation would substantially overestimate 

PAEE compared to the DLW-based equation. This is likely explained by the as-

sumption that 1 MET was defined as 3.5ml O2·kg-1·min-1 (i.e. the adult value) 

when the equation was developed. 

4.3 VARIABILITY IN PHYSICAL ACTIVITY AND SEDENTARY TIME (STUDY III) 

Variability between weekdays and weekend days for overall level of PA    

(cnts·min-1), time spent at MVPA and time spent sedentary is illustrated in Table 

3. In both age groups, consistent between-day differences for time spent at MVPA 

and time spent sedentary was evident, indicating that weekdays are associated 

with higher amounts of time spent at MVPA and time spent sedentary. Further, 

more time spent at MVPA during weekdays was generally reflected in higher 
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overall levels of PA (cnts·min-1) across age and country groups, with exceptions 

for Estonia (9-yrs only) and Portugal (both ages). Gender interactions for betwe-

en-day differences when analysing the three variables on PA and sedentary time 

were occasionally indicated within country groups. A description of gender strati-

fied analyses is presented in Appendix (Study III). In both age groups, more time 

spent at MVPA during weekdays was reflected by a significantly higher propor-

tion (P < 0.01) of children achieving the 60-min recommendation on weekdays 

compared to weekends in all countries, except for 15-year-old Danes (Appendix, 

Study III). 

 

 

Table 3. Overall level of PA, time spent sedentary and time spent at MVPA averaged 
over weekday and weekend days among 9- and 15-year-olds stratified by country.  
 

   9-year-olds (n = 1184)       15-year-olds (n = 770) 

 Weekday Weekend day Weekday Weekend day 

Level of PA 
(cnts·min-1) 

    

Denmark 670 ± 254      628 ± 289**† 432 ± 169    396 ± 177** 

Portugal 658 ± 216         702 ± 256** 535 ± 197 544 ± 209 

Estonia 723 ± 252         736 ± 300 568 ± 224    530 ± 254** 

Norway 827 ± 274   751 ± 358** 628 ± 219    530 ± 248** 

Sedentary 
(min·d-1) 

    

Denmark  310 ± 76  289 ± 88** 455 ± 86 412 ± 94** 

Portugal  331 ± 79  274 ± 92** 423 ± 87 347 ± 87** 

Estonia  292 ± 77  248 ± 88** 423 ± 95 354 ± 94** 

Norway  306 ± 67    285 ± 78**† 457 ± 87 395 ± 84** 

MVPA 

(min·d-1) 

    

Denmark  74 ± 43     58 ± 44**† 46 ± 29 37 ± 31** 

Portugal  81 ± 40 78 ± 45* 69 ± 36 56 ± 38** 

Estonia  90 ± 48   81 ± 54** 76 ± 42 56 ± 42** 

Norway         107 ± 39    79 ± 45**† 83 ± 34 55 ± 36** 

**difference between days (P < 0.01) 
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* difference between days (P < 0.05) 

† difference between days by gender interaction (P < 0.05) 

 

 

 

Table 4. Level of PA, time spent sedentary and time spent at MVPA averaged for school 
time and leisure time among 9- and 15-year-olds and stratified by country.  

 

 9-year-olds (n = 1184)          15-year-olds (n = 770) 

 School time Leisure time School time Leisure time 

Level of PA 
(cnts·min-1) 

    

Denmark  755 ± 326     619 ± 274**† 438 ± 198   444 ± 232† 

Portugal   618 ± 240   702 ± 260** 527 ± 216 542 ± 249 

Estonia     722 ± 262        744 ± 348 536 ± 226   602 ± 336* 

Norway   859 ± 375        824 ± 388 571 ± 215 663 ± 390 

Sedentary 
(min·d-1) 

    

Denmark  122 ± 38    144 ± 43**† 212 ± 48     198 ± 53**† 

Portugal  149 ± 41  161 ± 49** 212 ± 44   186 ± 55** 

Estonia  130 ± 39 139 ± 50* 212 ± 54    180 ± 56**† 

Norway  134 ± 32         138 ± 44 218 ± 42  189 ± 57** 

MVPA 

(min·d-1) 

    

Denmark  38 ± 24      28 ± 21**† 23 ± 16      19 ± 16**† 

Portugal  32 ± 19    44 ± 25** 34 ± 20   30 ± 22* 

Estonia  40 ± 21          45 ± 33 35 ± 19 36 ± 30 

Norway  51 ± 24   46 ± 26** 36 ± 16 35 ± 26 

**difference between time periods (P < 0.01) 

* difference between time periods (P < 0.05) 

† difference between time periods by gender interaction (P < 0.05) 
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Variability between school time and leisure time within a weekday for overall 

level of PA, time spent at MVPA and time spent sedentary is illustrated in Table 

4. In both age groups, PA variability with regard to time period was highly incon-

sistent across country groups. Furthermore, a gender by time period interaction 

was frequently observed within country groups. A description of gender stratified 

analyses is presented in Appendix (Study III). Opportunities to be physically acti-

ve during a school day are likely to differ by country. Differences in school envi-

ronments, total time in recess and frequency and contents of physical education 

lessons between the present countries included in this study likely influence on the 

differences observed in PA levels between school and leisure time. Overall, betwe-

en 4% and 31% of children accumulated at least 60 minutes of MVPA during 

either school time or leisure time within a weekday. 

4.4 CORRELATES OF PHYSICAL ACTIVITY AND SEDENTARY TIME (STUDY IV) 

In 9-year-olds, outdoor play after school on most days/every day of the week was 

significantly related to higher overall levels of PA (F = 6.247; P < 0.05) and more 

time spent at MVPA (F = 6.843; P < 0.01). No other correlate was significantly 

associated with PA behaviour. In 15-year-olds, only participation in sport clubs 

was related to higher overall levels of PA (F = 4.684; P < 0.05) and more time 

spent at MVPA (F = 10.841; P < 0.01).  

Three way interaction terms (gender x study location x correlate) were ob-

served when modelling the association between TV viewing and time spent at 

MVPA in both age groups (9-year-olds: F = 3.344, P < 0.01; 15-year-olds: F = 

2.213, P < 0.05), and for overall PA in 9-year-olds (F = 4.039; P < 0.01). An in-

teraction term was also observed for the association between sport club participa-

tion and time spent at MVPA in 15-year-olds (F = 2.834; P < 0.01), and for the 

association between participation in sport clubs (F = 2.050; P > 0.05) with time 

spent sedentary in 9-year-olds. Stratified analyses revealed that depending on age, 

gender and study location, the results on the associations between correlates and 

dependent variables could deviate from that indicated by the main effects. A 

complete description of associations between correlates and dependent variables 

when stratified by gender and study location is presented in Appendix (Study IV).  

Overall, walking to school seem not to influence on overall PA and time spent 

sedentary in children. Children who reported walking in one direction and motor-

ized transport in the other direction were classified as ‘walkers’. Since inclusion of 

these children in the ‘walking group’ hypothetically may dilute an influence from 

active commuting, we reanalysed our data excluding these children, and the re-
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sults were unchanged (data not shown). Similarly, time spent watching TV was 

generally not associated with any dependent variable. Thus, the hypothesis sug-

gesting that TV viewing should displace time for activities of at least moderate 

intensity is not supported by the results from the present study. 

56



5  GENERAL DISCUSSION AND IMPLICATIONS 

5.1 ASSESSING TIME SPENT AT DIFFERENT INTENSITIES OF ACTIVITY  

The epoch setting can be of significant importance when interpreting the output 

of the MTI accelerometer when used in children. A more detailed picture of the 

PA intensity pattern is achieved when using a shorter epoch (e.g. 5s) compared 

with using a longer (e.g. 60s) epoch. This is explained by the ability of a shorter 

epoch to detect a highly sporadic mixture of high and low intensity activities, 

while these intensity variations will be reflected as an intermediate intensity acti-

vity if summed over a longer epoch. Further, when analysing time spent above a 

certain intensity level of PA, the effect of epoch setting depends on the intensity 

threshold, and the nature of the activities performed by the individuals. For ex-

ample, when measuring time spent at vigorous or very vigorous intensity activity, 

usually performed in short intervals, a significant difference is observed between 

different epoch settings. In contrast, if the activity is performed in a steady-state 

manner for a continuous time period the effect of epoch setting is diminished. 

Furthermore, the epoch setting do not seem to influence on measured time spent 

at moderate intensity levels in children. Thus, the effect of epoch setting observed 

for vigorous and very vigorous intensity levels is likely explained by limited 

amount of continuous time spent at these intensity levels in children.  

When examining the total amount of time spent at MVPA, the effect of epoch 

setting is attenuated since the majority of time spent at MVPA is due to moder-

ately intense activities. Based on these results, average daily time spent at MVPA 

range approximately between 80 and 90 minutes per day depending on epoch 

setting. Therefore, the children in the present study would be considered to 

achieve PA in accordance with published recommendations regardless of the ep-

och setting.  

When determining the number of continuous bouts of PA (e.g. 10-min bouts) 

both the selected epoch setting and the operational definition of a continuous 

bout will determine the outcome. For example, when using a shorter epoch (e.g. 5 

sec) it is necessary to accept several brief second-intervals of intensities below the 

intensity cut point of interest if any bouts should be recorded. 

A shorter epoch setting is strongly recommended when detailed analysis of PA 

patterns is required. For example, assessing time spent at higher intensity PA dur-

ing school recess, higher resolution of PA assessment is required in order to cap-

ture even short bursts of high intensity PA.  
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Levels of PA and time spent at different intensity levels of PA seem compara-

ble regardless of the placement of the monitor (hip or back placement) during free 

living conditions. Placed at the hip may be recommended as it is likely to be more 

comfortable for the subjects compared to the back placement. 

5.2 ASSESSING DAILY ENERGY EXPENDITURE FROM ACTIVITY COUNTS 

Estimated energy expenditure (e.g. PAEE) based on accelerometer counts may 

differ substantially depending on the equation used and the integration period 

from laboratory-based equations. Therefore, these equations can not be used in-

terchangeably when predicting PAEE and interpretations of average levels of 

PAEE in children should be made with caution.  

Since the different mixture of activities during calibration in the laboratory af-

fect the slope and intercept of the regression line, it is unlikely that prediction 

equations developed using specific activities in a laboratory are valid throughout 

the range of free-living activities, which in turn will affect predicted daily PAEE 

from these equations.  

Among the equations compared, the Puyau et al. (2002) equation included a 

more extensive calibration, including a scheduled set of activities besides treadmill 

walking and running compared to the Trost et al. (2002) equation. The Puyau et 

al. (2002) equation also agreed better with the criterion equation compared to the 

Trost et al. (2002) equation, even though a systematic error was evident.  

Data on measured TEE and its derivatives were not available in the study 

population. Hoos et al. (2003) recently published data on TEE and its derivatives 

from a compilation of studies using the DLW method. Average gender-combined 

values on TEE and PAEE were approximately 2000 kcal.d-1 and 650 kcal.d-1, re-

spectively, in 9−10 year-old children. In comparison, predicted TEE and PAEE 

from the DLW-derived equation (Ekelund et al., 2001), were 2049 kcal.d-1 and 

663 kcal.d-1, respectively (Table 2). When developing the DLW-equation (Ekelund 

et al., 2001), it showed no mean bias against measured PAEE and seems to reflect 

average daily PAEE with reasonable validity on group level. Further, no system-

atic bias was indicated against measured PAEE, which indicate the unbiased abil-

ity of the equation to predict average values on PAEE in 9 to 10 year old children. 

However, as the standard error was large and the limits of agreement were wide, 

the equation is not valid on an individual level. Nonetheless, as the aim was to 

compare group values, lack of systematic bias should be regarded as more impor-

tant than any large individual variation per se. It can also be noted that this equa-

tion was derived from a relatively small sample of children which is likely to limit 
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its external validity. Therefore, for the purpose of predicting group values of daily 

PAEE, further development of equations applicable to free-living scenarios is 

needed. Such work should be based on larger and more heterogeneous samples 

and assessed during diverse activity scenarios, including free-living. 

5.3 PHYSICAL ACTIVITY AND INACTIVITY BETWEEN AND WITHIN DAYS 

This is the first study investigating between-day and within-day differences in ob-

jectively assessed PA patterns in children from different geographical locations in 

Europe. The data showed that between- and within-day differences in overall le-

vel of PA, time spent at MVPA and sedentary exist and may differ by age, gender 

and geographical location.  

Differences in PA patterns between weekdays and weekend days were overall 

consistent across different geographical locations. Increased time spent sedentary 

(e.g. TV/electronic games) during weekend days compared to weekdays have pre-

viously been reported (Jago et al., 2005), which may indicate that these sedentary 

activities displace time spent at moderate and vigorous levels of activity. In con-

trast, present results suggested a greater amount of time spent sedentary during 

weekdays in combination with a greater amount of time spent at MVPA. Hence, 

an overall lower level of PA during weekend days compared to weekdays is ex-

plained by less accumulated time spent at MVPA and not by an increase in time 

spent sedentary. Although weekend days are likely to offer more free time than 

school days, surprisingly small proportions of children were able to reach the cur-

rent recommendation for health enhancing PA in youth (Biddle et al., 1998). For 

example, only a minority of 15-year-olds reached this recommendation during 

weekend days, regardless of country (Appendix, Study III). Initiatives aiming to 

promote PA during weekend days seem especially important if the majority of 

children are expected to achieve the basic 60-min recommendation of daily PA.  

Within-day differences in PA patterns and time spent sedentary were inconsis-

tent between countries. Total recess time in school and physical education offer 

opportunities to being active, however, school time is likely to be more restricted 

compared with leisure time in terms of opportunities to participate in PA. Fur-

ther, leisure time could be expected to be the major contributor to time spent at 

MVPA given the relatively low levels of PA during recess (Ridgers et al., 2005; 

Mota et al., 2005) and PE lessons (Fairclough et al., 2005; Nader et al., 2005) 

previously reported. However, observed differences for time spent at MVPA be-

tween time blocks of the day were fairly modest in the present study. It was also 

obvious that only a small proportion of children in both age groups are able to 
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accumulate 60 minutes of MVPA during leisure time alone. PA during school 

time seems to contribute, perhaps more than expected, to the total daily amount 

of time spent at MVPA and subsequently for achieving the current PA recom-

mendation. Given that school time offers less potential time for PA compared to 

leisure time, PA promoting efforts including increased opportunities for being 

active during leisure time seem warranted to increase the proportion of school-

age youth to meet the current PA recommendations.   

5.4 INFLUENCES ON PATTERNS OF PHYSICAL ACTIVITY AND INACTIVITY 

Outdoor play and sports participation seem differentially associated with objecti-

vely measured PA in 9- and 15-year-old children. Apparently, the occurrence of 

outdoor play after school is more influent on PA levels in younger children com-

pared with sport club participation. Occurrence of unorganized outdoor play du-

ring leisure time, incorporating PA of different intensities, is likely more promi-

nent in younger compared with older children. A shift in choice of unstructured 

physical activities towards less intensive pursuits during free time would then 

make sport club participation a more important contributor to daily PA level 

with increasing age. The consistent observation that total PA decreases by age is 

in accordance with such change in behaviour. 

Although the local environment is likely to differ substantially between study 

locations in the present study, no interaction by study location was observed, 

which further accentuate the importance of outdoor play for increasing young 

children’s PA levels across different geographical settings. Besides recess time at 

school, opportunities to outdoor play is predominantly given in the afternoon and 

early evening, indicated by the difference in hourly PA patterns between ‘play 

groups’ (Appendix, Study IV). Therefore, afternoon time becomes a key period 

for accumulation of time spent at MVPA, and subsequently a target when pro-

moting PA in younger children. 

Although walking to school may offer a possibility to contribute to the over-

all levels of PA and time spent at MVPA, no such association was observed. 

Given the results from the present study, targeting only active commuting as a PA 

promoting strategy in order to increase daily PA levels in children may not have 

the expected effect.  

Overall, associations between self-reported TV-viewing and PA variables or 

time spent sedentary was non-significant and seem to support previous findings 

(Sallis et al., 2000; Marshall et al., 2004; Marshall et al., 2006; Taveras et al., 

2007). Apparently, determinants influencing PA behaviours (e.g. organized sports 
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or outdoor play) may not be directly related to reduced time spent sedentary. 

Hence, children may accumulate substantial amounts of sedentary time, in com-

bination with participation in activities of moderate and vigorous intensity activi-

ties. This does not mean that reducing sedentary time is irrelevant from a health 

point of view. Reducing television time in children has showed to reduce meals 

eaten in front of the TV, following a relative decrease in body mass index and 

waist circumference over a six-month period (Robinson, 1999), and eating fre-

quency while viewing TV may be associated with adiposity independent of PA 

(Ekelund et al., 2006).   

The findings of this study should be considered when planning physical activity 

interventions in school-age youth.  

5.5 STUDY STRENGHTS AND LIMITATIONS 

Overall, study strengths include the use of a validated objective method for asses-

sing PA; the MTI accelerometer (Study I, II, III, IV), and the large sample of ran-

domly selected children representing various geographical and economic locations 

in Europe (Study II, III, IV). The sample size was fairly small in Study I. However, 

it is highly unlikely that the conclusions regarding presence of an epoch effect or 

lack of placement effect would be altered had the sample size been larger.  

Sample sizes for the EYHS were initially estimated for assessing pre-specified 

target differences in risk factors for CVD, including energy expenditure. It was 

estimated that about 200 children in each age/sex group (total n = 800) in each 

country would provide a statistical power sufficient to detect a difference of 0.5 

kcal·kg-1·d-1 between subgroups (Riddoch et al., 2005). Although the sample size 

used in the present thesis is lower due to incomplete variable assessments, the 

conclusions from Study III and IV were not dependent on the ability to detect 

such small variations in predicted energy expenditure. It seems unlikely that the 

main findings from Study III and IV are biased by insufficient sample size.  

The choice of a 60s epoch in the EYHS protocol was decided before the im-

pact of different epoch settings was fully clarified. However, epoch choice is ir-

relevant for the composite measure of PA used in Study II. Although a potential 

underestimation of time spent in higher intensities of PA would be present when 

using a one minute epoch in Study III and IV, likely to be more pronounced in the 

younger age group, any potential effect on the outcomes is considered to be mi-

nor due to the specific aims of these studies. In Study III, the outcome was based 

on repeated-measurement ANOVA, where a potential underestimation of meas-

ured time will be equal in both variables compared (e.g. weekday vs. weekend 
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day) and will not affect the outcome of analysis. In Study IV, the association be-

tween correlates and accumulated time spent at MVPA are likely to be detected 

even if the absolute values of MVPA are underestimated. This is because the rank-

ing of individuals will remain the same regardless of the absolute levels of PA.    

Finally, due to the cross-sectional design, causality between correlates and PA 

behaviour cannot be concluded (Study IV). Further, it is possible that unmeasured 

confounding factors other than age, gender, study location, season and parental 

SES may affect the observed relations between correlates and dependent variables. 

As all correlates were assessed by self-report, misclassification of correlate expo-

sures may be present. While such misclassifications are likely to be non-

differential, a dilution of the magnitude of associations between correlates and 

outcomes may be present. 

5.6 FUTURE DIRECTIONS 

Obviously, one single assessment technique that can produce valid data on free-

living daily energy expenditure and assess PA patterns, including detailed infor-

mation on time spent at different intensities of PA is currently not available. The 

choice of method is largely dependent on the specific research questions, study 

population and economic resources. While the accelerometer has inherent limita-

tions when estimating daily energy expenditure, particularly on individual level, it 

is a feasible instrument for assessing patterns of PA in free-living conditions with 

high time resolution. Perhaps the best application of the accelerometer for future 

studies lies in monitoring variability in PA patterns in individuals over time to 

assess temporal trend data, which currently are limited. The recent advances in 

combined HR and movement sensing (e.g. the Actiheart), with the ability to redu-

ce measurement errors related to each method when used alone, seem to be a 

promising tool for future assessment of minute-by-minute energy expenditure 

during free-living conditions.  

Although the epoch effect was evident in the present study of seven-year-old 

children, the importance of epoch setting for assessing time at higher intensities in 

older children or adults remain elusive, as no corresponding study has been per-

formed in other age groups. Whether high intensity PA lasting for a few seconds, 

and captured by a short epoch setting, are related to health outcomes may be a 

scope for future research as the health-related effects of short durations of high 

intensity PA in comparison to longer continuous bouts of PA at lower intensities 

or simply daily accumulated time in MVPA is currently not known. The ongoing 
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debate on the importance of different dimensions of PA on health in growing 

children may influence the choice of epoch settings among researchers. 

Future work of examining significant mediators of PA behaviours in youth is 

important. This will increase our understanding about determinants of PA and 

may inform the planning of successful interventions aimed to promote PA in chil-

dren. Future studies using a longitudinal design following individuals from an 

early age throughout school years is warranted, as these studies may inform on 

causality. These studies should also include potential correlates of PA not avail-

able in the present thesis, e.g. physical education and total recess time in school.  
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6  CONCLUSIONS 

� The epoch setting will influence on the interpretation of the output 

from the MTI accelerometer when used in young children. A more de-

tailed picture of the physical activity intensity pattern will be achieved 

when using a shorter time sampling interval than when using a 60-

second setting.   

 

� Predicted PAEE differ substantially between equations, also depending 

on time frame assumptions. These equations can not be used inter-

changeably and interpretations of average levels of PAEE in children 

from available equations should be made with caution.  

 

� Between- and within-day differences in overall level of physical activ-

ity, time spent at MVPA and sedentary exist and may differ by age, 

gender and geographical location. Differences in physical activity pat-

terns between weekdays and weekend days are explained by less ac-

cumulated time spent at MVPA, without increased time spent seden-

tary, during weekend days. Overall, weekend days and leisure time 

during weekdays seem appropriate targets when promoting physical 

activity in order to increase the proportion of children achieving cur-

rent recommendations on health enhancing physical activity. 

 

� Outdoor play after school on most days of the week is a significant 

correlate for increased PA level and time spent at MVPA in 9-year-old 

children, while participation in sport clubs significantly contributes to 

increased levels of PA in 15-year-olds. Overall, walking to school and 

time spent watching TV seem not to influence on overall PA and time 

spent sedentary in children. These findings should be considered when 

planning physical activity interventions in children. 
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