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ÁGRIP 

Hreyfiatferli 9 og 15 ára barna á Íslandi. 

Hreyfing er mikilvægur þáttur til að sporna við ofþyngd og offitu, sem herjar 

sífellt meira á bæði börn og fullorðna. Hreyfingarleysi er stór áhættuþáttur 

fyrir marga sjúkdóma og kvilla. Mikil minnkun á hreyfingu verður með 

aldrinum og er hún einna mest á unglingsárum. Einnig er almennt mikill 

munur á hreyfingu stúlkna og drengja, þar sem stúlkur stunda minni 

hreyfingu og af minni ákefð. Aukinn tími sem varið er fyrir framan 

sjónvarpið og tölvuna á unglingsárunum hefur hugsanlega einhver áhrif á 

þessa þróun. Markmið rannsóknarinnar var að kanna hreyfiatferli 9 og 15 ára 

barna í daglegu lífi og athuga tengsl milli þess við holdafar og þol þeirra. 

Einnig að kanna á hvern hátt tómstundaiðkun og skjátími (sjónvarpsskjá- og 

tölvuskjátími) hafa áhrif á hreyfiatferlið. Þátttakendur í rannsókninni voru 

934 börn fædd 1988 og 1994, þá 9 og 15 ára gömul og voru mælingar teknar 

frá september 2003 til febrúar 2004. Hreyfingin var metin með hreyfimælum 

sem skráðu hreyfingu barnanna niður í þrjá til fimm daga. Alls skiluðu 338 

þátttakendur inn gögnum sem uppfylltu uppgefin skilyrði, en 743 svöruðu 

spurningarlistum. Í rannsókninni voru skoðaðir mismunandi þættir 

hreyfiatferlisins. Helstu niðurstöður voru að daglegt hreyfimynstur var 

mismunandi bæði eftir aldri og kyni, en 9 ára börn (stúlkur= 528±166 

kslög/dag (±SD), drengir= 620±186 kslög/dag) voru marktækt virkari en 15 

ára unglingar (stúlkur= 425±130 kslög/dag, drengir= 543±195 kslög/dag; F= 

37,2; df= 1;334; p<0,001). Einnig kom í ljós munur á hreyfimynstri milli 

helga og virkra daga (F= 27,4; df= 10,6;3535; p<0,001) og var þessi munur 

ekki sá sami fyrir aldurshópana tvo (F= 12,6; df= 10,6;3535; p<0,001) eða 

fyrir kyn (F= 2,30; df= 10,6;3535; p= 0,009). Sjö óháðir þættir (components), 

sem lýstu hreyfingunni best, voru reiknaðir með hjálp leitandi 

meginþáttagreiningar (Principal component analysis). Þrír af þessum þáttum 
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lýstu mismunandi hliðum hreyfingar af miðlungs ákefð eða meiri, en fjórir 

þættir hreyfingu af mjög mikilli ákefð. Tveir af þessum þremur þáttum (einn 

sem lýsti meðal lengd lota og annar fjölda lota á dag) höfðu sterkustu 

fylgnina við nokkrar af þeim breytum sem rannsakaðar voru. Þessar breytur 

voru aldur, kyn, þrjár breytur sem lýstu líkamssamsetningu, þol og tvær 

breytur sem lýstu lífsstíl. Af þessu má álykta að það sé aðallega lengd og 

fjöldi lota yfir ákveðnum þröskuldi, frekar en heildarhreyfing, sem hefur 

sterkustu tengslin við fitusöfnun og þol. Þetta gefur til kynna að hreyfing sé 

margþætt atferli og það sé mikilvægt að horfa ekki eingöngu á hefðbundnar 

breytur við mat á hreyfingu, heldur einnig að skoða mismunandi þætti 

hreyfimynstursins.  
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ABSTRACT 

Patterns of physical activity in 9 and 15 year-old children in Iceland. 

Physical activity is an important factor to prevent overweight and obesity, 

which is becoming more and more prevalent in both children and adults. 

Sedentary behaviour is a powerful predictor for many diseases and disorders. 

Physical activity declines with age, especially during adolescence. There are 

also differences between boys and girls, where girls are less physically active 

and their activity tends to be of lower intensity. Increased time in front of the 

television or computer during adolescence likely has an effect on this trend. 

The aim of this study was to examine the daily activity pattern of 9 and 15 

year old (YO) children and explore the relationship between the activity 

pattern and body composition and fitness. A secondary aim was to explore 

how leisure- and screen time (TV, DVD, video and computer) is associated 

with different factors of the activity pattern. Participants in this study were 

934 children born in 1988 and 1994, 9 and 15YO at that time. Measurements 

were taken from September 2003 to February 2004. The activity was 

assessed using an accelerometer which recorded the child´s activity for three 

to five days. Participants returning physical activity data which met the 

minimum criteria were 338 and 743 participants answered a questionnaire. 

The main findings were that the daily activity pattern varied considerably 

depending on both age and sex. 9YO children (girls= 528±166 kcounts/day 

(±SD), boys= 620±186 kcounts/day) were significantly more active than 

15YO adolescents (girls= 425±130 kcounts/day, boys= 543±195 

kcounts/day; F= 37.2; df= 1.334; p<0.001). Also, it was found that the 

activity pattern was not the same on weekends and weekdays (F= 27.4; df= 

10.6;3535; p<0.001) and this difference depended on age (F= 12.6; df= 

10.6;3535; p<0.001) and gender (F= 2.30; df= 10.6,3535; p= 0.009). Seven 
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independent components, were chosen which best described the nature and 

quality activity. These were calculated using Principal component analysis. 

Three of these components described activity of moderate intensity or more. 

Another four of the components described activity of very much intensity. 

Two components of the activity data were found to most strongly correlate 

with various subjects attributes (age, gender, three measures concerning body 

composition and fitness, and two concerning lifestyle). These components 

were described by the total number of bouts of activity over the day, and the 

average length of individual bouts. From this it can be concluded, that it is 

the length and number of bouts over certain intensity thresholds, rather than 

total activity, that is most strongly associated with fatness and fitness. This 

shows that physical activity is a complex behaviour and it is important not 

only to look at traditional variables of physical activity, but also to examine 

different components of the activity pattern.  
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INTRODUCTION 

The importance of physical activity 

Obesity among children and adolescents has increased tremendously in 

recent years and is now a worldwide epidemic (62, 87), which places children 

and adolescents at increased risk of significant health problems (29, 48, 89). 

Childhood obesity is associated with several metabolic and endocrine 

disorders, such as glucose intolerance, hypertension and dyslipidemia, which 

are all risk factors for the development of cardiovascular diseases (CVD) and 

type 2 diabetes (28, 90). Evidence indicates, that regular physical activity in 

youth is inversely related to an array of negative health outcomes, such as 

elevated blood lipids, hypertension and cigarette smoking, and positively 

related to favourable health outcomes, such as increased cardio-respiratory 

fitness, elevated high-density lipoprotein (HDL) cholesterol, increased bone 

mass and improved psychological well-being (14, 59, 140). Obese children 

and adolescents are at increased risk for adult obesity (153), and limited 

physical activity at young age may predispose to sedentary lifestyle later in 

life (80). Adequate participation in physical activity during childhood and 

adolescence may be of critical importance in the primary prevention of 

chronic diseases (56, 80, 129, 140, 143, 153). Participation in physical 

activity at a young age is also considered essential for normal growth and 

development (140). 

 

Overweight, obesity and physical activity 

Prevalence of overweight and obesity has increased more rapidly in the last 

10 to 15 years than in previous decades (13). A survey in three Australian 
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states showed that overweight had increased by 60-70% from 1985 to 1997 

(13). Also, studies conducted in the United States (45, 99, 135), Spain (88), 

Britain (22) and many European countries, consistently show that the 

prevalence of overweight and obesity in young people is increasing 

exponentially. This was found to be evident among preschool aged children 

as well as older children and adolescents (37, 93, 94, 99). Childhood obesity 

is multi factorial disease that involves genetic, social, cultural, and 

environmental components (10, 18, 37, 65).  

 Lack of physical activity is hypothesized to be an important 

contributing factor to the development and maintenance of childhood obesity 

(49, 79, 101, 134, 148), and negative associations between objectively 

measured physical activity and fatness in children and adolescents have been 

shown (37, 58, 104, 111, 113). Many studies have found out that obese or 

overweight children and adolescents are less active than their normal-weight 

peers, and spend more time in sedentary activities (19, 25, 30, 31, 35, 79, 83). 

Total activity counts and time spent in vigorous activity have been associated 

with a decreased likelihood of being overweight (19, 37, 101). Obese 

children appear to exhibit significantly lower daily accumulations of 

moderate and vigorous physical activity and participate in significantly fewer 

continuous bouts of moderate to vigorous activity (136). Some research 

indicates that the intensity of physical activity is more important factor to 

prevent obesity, rather than the duration of activity (1, 104) and several 

studies of American and European children agree (58, 67, 111, 113). In a 

study of normal weight North American adolescents (58), who spent only a 

few minutes a day in vigorous physical activity, a significant positive 

association with body fat was observed and this has been confirmed by others 

(113). In a study in which obese children took part in a physical training 

program for four months, the total mass increased less in children who took 
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part in physical training sessions more frequently (8). This is further 

supported by a longitudinal study that showed that young children who were 

more active, were less likely to increase their body fat than their less active 

friends (86). In addition, a cross-sectional study showed that regular physical 

activity was associated with a greater percentage of fat free mass and a lower 

percentage fat mass in 10YO (year old) children (26).  

 

Sedentary behaviour 

Past decades have seen changes, both environmental and behavioural, in the 

lives of children. Some studies have shown increased sedentary activity to be 

related to less physical activity (60, 146). Sedentary activities, like TV 

(including DVD and video) - and the computer viewing, has increased. TV 

viewing is usually self-reported, and the subjects are asked about TV viewing 

before and after school on an average weekday. It is difficult to assess the 

validity of these self-reports, though it seems to be the only way to assess this 

kind of behaviour (36). Excessive TV viewing has been linked to obesity (11, 

30, 81, 108, 141) and a study done by Gordon-Larsen (50) showed that the 

odds of being overweight were nearly 50% greater with more TV viewing for 

white adolescents. Another study done by Butte (19) showed that a sedentary 

lifestyle and excessive TV viewing were significantly associated with being 

overweight. Likewise, Tremblay and Williams (130) found out that excessive 

TV viewing and videogames are risk factors for being overweight (17 to 44% 

increased risk) or obese (10 to 61% increased risk). Similar results have been 

reported in other studies (32, 36, 53, 61, 145). Other researchers have found 

TV viewing to be associated with obesity and some metabolic-risk factors 

(11, 30, 53, 61, 81, 108, 155).  
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 Not all studies however have come to the same conclusion. Some 

studies indicate only a weak or no relationship between overweight /obesity 

and watching TV (44, 54, 69, 109). Ekelund and co-workers (36) found a 

negligible association between TV viewing and physical activity, and the 

association between TV viewing and adiposity was independent of physical 

activity.  

 Some studies indicate that the relationship between sedentary time 

and obesity is more complex, confined to specific periods of the day, such as 

before or after school and taking into account weekdays and weekends (32). 

Research done by Hager (60) showed that boys who watch TV after school 

are less likely to be physically active than those who did not watch TV at that 

time. This was consistent with previous research which showed that the TV - 

activity relationship is strongest during periods of time when children have 

the greatest opportunity to be active or watch TV (32). For girls, the pattern 

appears less clear which may be because girls have overall less or more 

varied activity, regardless of whether or not they are watching TV. That is, 

girls engage in sedentary behaviours other than TV viewing (e.g., talking on 

the phone, doing homework, reading, etc.) more than boys (60). 

 Because of these possible effects of excessive TV-, DVD-, video 

viewing and the popularity of videogames, sedentary activities should be 

limited to two hours a day, to increase physical activity and to prevent weight 

gain, either directly or indirectly (124). The American Academy of Pediatrics 

agrees on this point, and suggests that TV viewing should be limited to one to 

two hours a day in children, but suggests that less than one hour is even better 

(61). 

 TV viewing is thought to promote weight gaining, not only by 

possibly displacing physical activity, but also by increasing energy intake 

(42, 107). Eating between meals is consistently associated with TV viewing, 
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and snacking while watching TV is associated with increased total energy 

intake, especially energy dense food (36, 51, 52, 73). This suggests that TV 

viewing is associated with increased energy intake, which may affect energy 

balance and subsequent weight gain in children, and might be a stronger 

effector than the amount of physical activity. However, it is also possible that 

increased TV time is a result of being more overweight (36, 114). 

Furthermore, advertisements on TV could affect the children´s dietary 

choices (34). US and British children are exposed to about ten food 

commercials per hour of their TV time, and most of them contain unhealthy 

food like fast food, candy, soft drinks and sugar-sweetened breakfast cereal 

(74, 77, 127). Exposure to 30 second commercials increases the likelihood 

that 3 to 5YO would later select an advertised food when presented with 

options (15).  

 

Fitness 

Aerobic fitness has usually been reported to have low to moderate association 

with physical activity in children (68, 97, 124). However, a strong 

relationship exists between aerobic fitness and favourable lipid profiles, 

which are correlated to childhood adiposity (33, 59). A correlation has been 

found between aerobic fitness, BMI, skinfold thickness and adjusted waist 

circumference (adjW), physical activity and gender, but the relationship was 

found to be different for 9 and 15YO, where body composition variables are 

a good predictor for both age groups. For 15YO skinfold thickness 

represented fitness better than BMI and adjW, but for the 9YO these 

variables predicted equally for aerobic fitness (125). A study of young 

Norwegian men showed that VO2max, relative to body weight, had decreased 

by 8% over the last two decades (33). At the same time body weight had 



6 

 

increased by 7%. Reduced VO2max, combined with increased body weight, 

is probably a result of decreased physical activity (33, 113). 

 

Activity pattern 

Most previous studies show boys to be more active than girls in all age 

groups (112, 115, 138). Time spent on both moderate and vigorous activity 

has been found to be higher in boys in all grade groups, and most studies 

agree on a strong age-related decline in physical activity (98, 115, 117). The 

greatest decline in physical activity has been reported to occur during middle 

adolescence, at the time when children leave middle school and go to high 

school, and this decline is especially evident with girls (20, 71, 128, 138, 

144).  

 It has been demonstrated, that children are most active around noon, 

both on weekends and weekdays, in the morning travelling to school and 

after school on weekdays (96, 106). Studies have also reported differences in 

activity on weekdays and weekends, where children are more active on 

weekdays and the activity pattern is smoother on weekends, without the 

peeks observed on weekdays (72, 106, 120, 131-133). Results regarding 

weekday vs. weekend differences in average level of physical activity, have 

however proved to be inconsistent (154) and vary between countries, 

especially in younger children. Results in Danish and Norwegian children 

demonstrated a higher level of physical activity on weekdays, on weekends in 

Portuguese children but no difference was observed in Estonian children 

(91).  
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Physical activity recommendations 

There is no doubt about the positive health effects that physical activity has 

in children and adolescents. However, the optimum amount of physical 

activity required for normal development and health in children and young 

people has been difficult to determine (24, 85). Physical activity 

recommendations have been published over the years with variable emphasis. 

Physical activity guidelines for young people were first formulated in 1988 

by the American College of Sports Medicine (ACSM) and recommended 20 

to 30 min of vigorous exercise every day for both children and adolescent (2). 

The Center for Disease Control and Prevention (CDC)/ACSM recommended 

a minimum of 30 min of moderate to vigorous physical activity every day, 

which could be spread over the course of a day (100). Biddle and co-workers 

(12) published a framework of physical activity recommendation in 1998. 

Their primary recommendation was that young people should participate in 

physical activity of at least moderate intensity for one hour a day and that 

young people who did little activity should participate in physical activity of 

moderate intensity for at least 30 min a day. Their secondary 

recommendation was that if some of these activities were done twice a week 

or more, it could help to enhance and maintain muscular strength, flexibility, 

and bone health. 

 In 2004 the Nordic Nutrition Recommendation (86) published the 

following for children and adolescents: 1) A minimum of 60 minutes of 

physical activity every day, both moderate and vigorous intensity. 2) The 

activity can be divided into shorter intervals during the day. 3) Activities 

should be as diverse as possible, to provide optimal opportunity for 

developing all aspects of physical fitness including cardio-respiratory, muscle 

strength, flexibility, speed, mobility, reaction time and coordination. In 2005, 

Strong and co-workers (124) published a systematic review of 
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recommendations for physical activity and health for school-aged children. 

They concluded that school-aged children should participate in at least 60 

minutes of moderate-to-vigorous physical activity every day. The activity 

must be developmentally appropriate, enjoyable, and involve a variety of 

activities. They also suggested decreasing sedentary behaviour to less than 

two hours a day. The Public Health Institute of Iceland recommends that 

children and young people should be active for at least one hour a day. The 

activity should be both moderate and vigorous and can be divided into shorter 

bursts during the day, e.g., 10 to 15 min (78).  

 When physical activity is expressed as energy expenditure, heavier 

adolescents logically use more energy than normal-weight adolescents for 

given activity (27, 58). However, when physical activity is expressed as 

movement, heavier adolescents appear to engage in less physical activity than 

those of normal weight (27, 35, 58). Interventional studies have shown that 

exercise programs composed of activity of moderate intensity for 30 to 60 

min a day, do not influence body fatness in normal weight children and 

adolescents (41, 110). It seems that rather large amounts of vigorous activity 

may be needed to influence body fatness in normal weight children and 

adolescents. In fact, it has been suggested that non-obese adolescents, should 

accumulate activity of high intensity and duration, more than 80 min a day 

(40, 58). Findings for obese children and adolescents are slightly different. In 

overweight children, beneficial effects of body fat control may be attained 

with moderate activity for 30 to 60 min a day, 3 to 7 days a week (8, 57, 95, 

113). Obese adolescents who spend more time engaged in vigorous physical 

activity tend to be those who loose the most body fat (8, 57). Despite this, it 

is reasonable to recommend only moderate physical activity for obese 

children and adolescents, at least at first until greater intensity is tolerated. A 

training program which is too vigorous from the start may well lead to less 
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activity the following day (8, 75, 95), less compliance overall, and may also 

lead to injuries (113). Therefore, obese children and those who have been 

physically inactive for some time, should be trained in incremental steps to 

reach the 45 to 60 min a day goal of moderate physical activity five or more 

days a week (124). In general, exercise recommendations should endeavour 

to incorporate physical activity of varying intensities (35, 113). 

 

Assessment of physical activity 

Physical activity as a parameter is difficult to measure. It is a 

multidimensional human behaviour and been defined as “any bodily 

movement produced by skeletal muscle that results in energy expenditure” 

(21). It has been difficult to assess because of its complex nature, particularly 

under free-living conditions. As a result, no single method is available to 

quantify all dimensions of physical activity (121, 152). Through the years, 

many studies have relied almost exclusively on self-report methods, but the 

applicability and validity may be questioned. Self-reports are known to have 

limitations not lest with younger age-groups, (6, 46, 117, 136) and in some 

cases are considered totally inappropriate for use with children under age 12 

(6, 7). 

 There are two methods that have been considered reliable to estimate 

physical activity: 1) the double labelled water (DLW) technique (152); 2) the 

use of motion sensors which are based on accelerometry. DLW provides a 

very precise estimate of energy expenditure over a given period of time, but it 

is expensive, and provides little information about the pattern or sources of 

energy expenditure (102). Numerous studies have assessed the validity and 

reliability of accelerometers over the past years (47, 150). Accelerometery 

based motions sensors provide detailed information about the duration and 
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intensity of physical activity on a minute-by-minute basis, and have a proven 

validity in comparison with gold standard methods like DLW technique (38). 

Accelerometers are practical to use in large studies and provide information 

about the total amount of activity and its subcomponents (105). It can also 

provide information about duration and intensity of physical activity and can 

ordinarily be used at a reasonable cost (102). Accelerometers are however not 

without flaws. They measure vertical acceleration of body movements, and 

are thus limited in their ability to accurately detect static activities, like 

weight training and cycling, and can-not be used in water for activities like 

swimming (16, 38, 82, 139). Accelerometers have been shown to correlate 

well with measured oxygen uptake, although they tend to underestimate 

oxygen uptake for running speeds greater than 9 km/hour, stair climbing, 

household chores, and yard work (16, 123).  Accelerometers also tend toward 

misclassification errors. They are unable to distinguish between two activities 

that produce similar acceleration over time but have different energy costs, 

e.g., walking at a given speed over a level surface, approximately 3 METs (1 

MET equals the resting metabolic rate in adults and is 3,5 mL O2/kg ∙ minute 

or 1 kcal/kg ∙ hour) versus walking at that same speed over an uneven 

surface, which accounts for approximately 6 METs (85). Further, they tend to 

incorrectly place activities with different total acceleration over time but 

similar energy requirements into different categories (63, 102). Despite these 

limitations, accelerometers have been used extensively in field settings to 

monitor activity patterns and have proven validity for measurements in 

children (16, 38, 82, 139).  
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Energy expenditure 

Accelerometer technology is based on biomechanical principles, while 

energy expenditure is a biological measure. Calibrating acceleration signals 

can thus be challenging, and especially so in children and adolescents 

because they are growing and maturing over the period of study. The 

metabolic cost of movement, expressed relative to body mass (mL/kg
 
∙ min), 

decreases as children mature. Also, children have higher basal metabolic rate 

(BMR) than adults (17, 46, 64).  

 In previous studies on adults, thresholds of 3, 6 and 9 METs (100) 

have been established, to define for moderate, vigorous and very vigorous 

activity respectively. These thresholds have often been used for estimation of 

children´s physical activity (47) despite being developed for adults (47, 63, 

126) and thus fail to take into account the aforementioned unique physiology 

of children (e.g. differences in resting metabolic rate (RMR)) (103, 136, 149). 

For example, predicted energy expenditure at rest calculated from a 

prediction equation for 9YO child is 2 MET, but 1 MET for adults (136). 

 

Aims 

From the above it can be concluded that physical activity is a complex 

phenomenon. Not only can it be described by total energy expenditure and 

intensity but also by the daily and weekly activity pattern. Furthermore, the 

activity pattern is composed of activity bursts or bouts of different duration 

with different intervals between them. It is unclear which factors of the 

activity pattern are most strongly associated with variables like fitness and 

fatness. It is also unclear how lifestyle variables like screen time and sport 

participation affects the physical activity pattern. Therefore, the aims of this 

study were divided into two parts: 
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1. To investigate the activity pattern of 9 and 15YO children and 

examine its connection to body composition and fitness. 

2. To investigate how leisure time activities and screen time (TV-, 

DVD-, video- and computer time) is associated with different factors 

of the activity pattern. 
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METHODS 

Study population and participation 

Eighteen schools were randomly selected for this study, based on 

geographical distribution of the Icelandic population, to get as diverse sample 

as possible. Every child in 4
th

 (9YO) and 10
th

 grade (15YO) of the selected 

schools was included in the study (n = 1323), which took place from 

September 2003 to February 2004. Informed consent was obtained from a 

parent or legal guardian of 934 children (71% participation rate) after the 

study had been explained to them. Approximately 15% of all children born in 

1994 and 1988 in Iceland were sampled, and more than 10% of this 

population participated.  

 

Anthropometrics 

Measurements were conducted in a private setting with students dressed in 

light clothing and barefoot or wearing socks. Height was measured to the 

nearest mm with a portable stadiometer (Seca 220, Seca Ltd., Birmingham, 

UK) and weight was measured to the nearest 0.1 kg, using a calibrated 

balance beam (Seca 708, Seca Ltd., Birmingham, UK). Body mass index 

(BMI) was calculated from body mass (kg) divided by height (m) squared 

(kg/m
2
). Waist circumference was measured twice at the umbilical level to 

the nearest mm and the mean value divided by height raised to the 0.9282 

power (adjW) was used for analysis (4). Skinfold thickness was measured 

with skinfold caliper (Lange, Beta Technology Incorporated, Cambridge, 

Maryland) at four places (triceps, biceps, subscapular and suprailiac) on the 

left side of the body. Two measurements were taken at each place of the 

body, and if the difference between these two measures was more than 2 mm, 
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a third measurement was done. The mean value of the two closest 

measurements was calculated, and the sum of the four skinfolds used for 

analysis. Hence, three different indicators of body composition were used: 

sum of four skinfold measurements, adjW, and BMI. 

 

Fitness 

Aerobic fitness was measured by a graded exercise test on an electrically 

braked bicycle ergometer (Monark 839E, Vansbro, Sweden). The initial 

workload was 20W, 25W, 40W and 50W for the 9YO children < 30 kg, for 

9YO ≥ 30 kg, for 15YO girls and for 15YO boys, respectively with equal 

increases in workload every third minute (5). Every child cycled until 

voluntary exhaustion, or until they could not maintain pedal rate of 40 RPM. 

The children were verbally encouraged, but were also told they could stop at 

any time. 

 

Questionnaire 

All participants received a questionnaire to fill out about their physical 

activity, health, nutrition and sociological factors. The 15YO answered the 

questionnaire at school, but the younger group answered the questionnaire at 

home with parent´s assistance. Questions on sport participation and sedentary 

activities, such as TV-, DVD-, video watching and computer usage (screen 

time) were selected for analysis in this study. Screen time was calculated 

from the questionnaire by summarizing estimated time spent watching TV, 

DVD, video and computers. Weighted average of screen time on weekdays 

and weekends was calculated and used in the analysis. Sport participation 

was calculated from the questionnaire, using question about how often the 

child participated in sports for recreation or competition with a sport club. 
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Physical activity analysis 

Physical activity was assessed with Actigraph activity monitor (MTI 

accelerometer, model 7164). The accelerometer was worn on a belt around 

the waist, positioned above the hip. The children were asked to wear the 

accelerometer during all walking hours, except when swimming and bathing, 

for six consecutive days, including both weekend days. Subjects who did not 

have at least three days of measurements and thereof at least two weekdays, 

were excluded from the analysis. The first day was always discarded from the 

analysis to avoid possible error, resulting in three to five analyzed days for 

each subject. The activity, counts detected by the accelerometer, were 

summed over one minute period, recorded in the monitor´s memory, and 

downloaded to a computer. Only days with > 600 min of registered data were 

included in analyses. If no activity was recorded for 10 min or longer, no data 

was registered (i.e. the child was assumed not to be wearing the monitor). 

Bouts of no activity of shorter duration were included in the analysis (i.e. the 

child was inactive). 

 Six different thresholds of energy expenditure were defined: 3 METs 

(3M), 6 METs (6M), 9 METs (9M), 2 METs + RMR (2+M), 5 METs + RMR 

(5+M) and 8 METs + RMR (8+M). The age-specific thresholds and RMR (0 

counts/min) were derived from the energy expenditure prediction equation 

developed by Trost et al. (136): 

METs = 2.757 + (0.0015 ∙ counts/min) 

-(0.08957 ∙ age (y)) - (0.000038 ∙ counts/min ∙ age (y)) 

 

A bout was defined as a continuous period of energy expenditure over a 

given threshold. For each threshold, following variables were calculated: 1) 
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total length of bouts in a day; 2) average length of bouts; 3) total number of 

bouts in a day; 4) number of bouts that equalled 1 min; 5) number of bouts 

that were 2 to 5 min in duration; 6) number of bouts that were 6 to 9 min in 

duration; 7) number of bouts that were 10 min or longer; and 8) total length 

of bouts over 10 min; 9) average length of bouts that were over 10 min. The 

same nine variables were also calculated for the intervals between the bouts 

for each threshold. A period was defined as the longest period found where 

the mean energy expenditure, over the whole period, was over certain 

threshold. A period consists usually of more than one bout of activity. 

Variables calculated for periods were: 1) the total length, 2) the average 

length, and 3) number of periods in a day over each of the six thresholds, 

were calculated. Also, 4) the total length, 5) average length and 6) number of 

periods that lasted 10 min and longer, were calculated. In addition, a total 

activity variable per day (kcounts/day) was calculated and the total activity 

was also divided into four sections of the day; 12 to 6 am, 6 am to 12 pm, 12 

to 6 pm and 6 pm to 12 am. Intensity of activity was also calculated as the 

average activity (counts) per active min of registered activity (counts/min). 

All of the above variables were calculated for both weekdays and weekends. 

Furthermore, a weighted average of weekdays and weekends was calculated 

to represent average activity over the week. Average time of registered 

activity each day was also included as a variable. The final number of 

variables was 450. 

  

Statistical analysis 

Minute-by-minute activity counts were uploaded to a computer from the 

accelerometers.  Matlab (MATLAB version 7.4 (R2007a)) program was 

developed to calculate all the variables for each day and Excel used to 
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calculate average values for weekdays, weekend days and weighted averages. 

Statistical analysis was done with the SPSS statistical program (SPSS 15.0 

for Windows®). Crosstables and chi-square was used to compare gender and 

age differences in sport participation and screen time. Daily activity patterns 

were analyzed with four-way factorial mixed models repeated measures 

ANOVA (gender by age group by daily activity pattern (the repeated 

variable)), using Greenhouse-Geisser correction for sphericity (p< 0.05). 

Principal components analysis (PCA) was used to identify independent 

components of the physical activity data. PCA is one of the methods 

collectively called factor analysis. These methods are designed from many 

statistical techniques and are used to simplify complex sets of data. These 

techniques can be used where the data is complex and unclear which 

variables (factors) are most important to describe the variability of the data. 

One variable (key variable) was selected for each factor, which was dominant 

for 9 and 15YO together and 9 and 15YO separately, and was correlated with 

the components identified by PCA, demographical and physiological 

variables, sport participation, and screen time. Varimax method was used for 

rotation of components. A factor score was calculated for each subject with 

the use of regression methods and linear regression was used to determine 

which components (identified by PCA) where the strongest predictors of 

demographical and physiological variables, sports participation, and screen 

time. The level of statistical significance was 5%. 

Approval 

The National Bioethics Committee approved the study and the Icelandic Data 

Protecion Commission was informed. 

The author did not participate in the collection of data for this study, but 

conducted the aforementioned statistical analysis. 
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RESULTS 
 

Of the 934 subjects who participated in the study, 743 answered the 

questionnaire. Usable physical activity data was obtained from 339 subjects 

on weekends, 439 on weekdays and 338 for the weighted average of these 

days. Significantly more of the 15YO adolescents than the 9YO children 

participated in daily organized sports (Table 1). However, the 15YO also 

participated fewer times each week than the 9YO. More boys than girls 

participated in daily informal sports (i.e. sports outside the school setting, 

which are not organized by a sport club) (Table 2). More boys than girls 

spent an hour or more playing computer games, both on weekdays and 

weekends (Table 3). More of the 15YO than the 9YO, spent more than 3 

hours watching TV, DVDs or videos on weekdays (Table 4). Less than 10% 

of the 9YO children spent an hour or more on the internet while more than 

50% of the 15YO did so (Table 5).  

 

Table 1.  How often do you participate in sports for recreation or competition with a 

sport club? (p= 0.001) 

 9YO girls  

n= 180 

9YO boys  

n= 176 

15YO girls  

n= 187 

15YO boys  

n= 193 

≤1 times/week 32.8% 22.7% 45.5% 33.7% 

2-3 times/week 48.3% 60.2% 23.0% 15.5% 

Almost every day 18.9% 17.0% 31.6% 50.8% 

  

 

Table 2.  How often do you participate in sports that are not supervised by a sport club 

or the school? (p= 0.001) 

 9YO girls  

n= 178 

9YO boys  

n= 175 

15YO girls  

n= 189 

15YO boys  

n=195 

≤1 times/week 59.0% 44.0% 44.4% 37.9% 

2-3 times/week 30.3% 36.0% 43.4% 42.1% 

Almost every day 10.7% 20.0% 12.2% 20.0% 
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Table 3.  How much time do you spend on playing computer games on the weekends 

(p< 0.001) and on weekdays (p< 0.001)? 

Weekends 9YO girls  

n= 179 

9YO boys  

n= 178 

15YO girls  

n= 190 

15YO boys  

n= 195 

< 1 hour 80.4% 36.0% 87.9% 31.8% 

1-2 hours 17.9% 41.6% 7.9% 19.0% 

> 3 hours 1.7% 22.5% 4.2% 49.2% 

Weekdays 9YO girls  

n= 179 

9YO boys  

n= 177 

15YO girls  

n= 190 

15YO boys  

n= 195 

< 1 hour 91.6% 59.3% 89.5% 39.0% 

1-2 hours 7.3% 30.5% 6.3% 27.7% 

> 3 hours 1.1% 10.2% 4.2% 33.3% 

 

 
Table 4.  How much time do you spend on watching TV/DVD/video on the weekends 

(p= 0.04) and on weekdays (p< 0.001)?  

Weekends 9YO girls  

n= 179 

9YO boys  

n= 178 

15YO girls  

n=189 

15YO boys  

n=193 

< 1 hour 14.5% 6.2% 6.9% 8.3% 

1-2 hours 26.8% 30.3% 29.1% 36.3% 

> 3 hours 58.7% 63.5% 64.0% 55.4% 

Weekdays 9YO girls  

n= 180 

9YO boys  

n= 177 

15YO girls  

n=188 

15YO boys  

n= 194 

< 1 hour 45.6% 38.4% 16.5% 19.1% 

1-2 hours 41.1% 40.7% 41.0% 46.4% 

> 3 hours 13.3% 20.9% 42.6% 34.5% 

 

 

Table 5.  How much time do you spend on the internet or a chat through the internet on 

weekends (p< 0.001) and on weekdays (p< 0.001)? 

Weekends  9YO girls  

n= 180 

9YO boys  

n= 178 

15YO girls  

n= 189 

15YO boys  

n= 193 

< 1 hour 89.4% 93.8% 43.9% 40.4% 

1-2 hours 9.4% 6.2% 35.4% 32.1% 

> 3 hours 1.1% 0% 20.6% 27.5% 

Weekdays 9YO girls  

n= 178 

9YO boys  

n= 175 

15YO girls  

n= 189 

15YO boys  

n= 191 

< 1 hour 94.9% 94.3% 47.1% 45.0% 

1-2 hours 4.5% 5.1% 28.0% 32.5% 

> 3 hours 0.6% 0.6% 24.9% 22.5% 

 

 

 

 

 

 



20 

 

Table 6.  Anthropometric, aerobic fitness and physical activity characteristics of the 

subjects. 

† = n = 78 for 9YO girls, 62 for 9YO boys, 52 for 15YO girls and 73 for 15YO boys.  

 

Physical characteristics, anthropometrics and aerobic fitness of those that had 

usable physical activity data are listed in Table 6. To study the daily activity 

pattern, activity (kcounts/day) was divided into four sections, from 12 to 6 

am, 6 am to 12 pm, 12 to 6 pm and 6 pm to 12 am (Figure 1). Both 9YO and 

15YO children were most active from 12 to 6 pm, on weekdays (wd) and 

weekends (we) (Figure 1). Both age groups were less active on the weekends 

(F[2.6;856]= 585; p< 0.001). The difference between weekdays and 

weekends was not the same for the two age groups, (daily activity pattern x 

 9YO girls 

n= 96 

9YO boys 

n= 80 

15YO girls 

n= 72 

15YOboys 

n= 90 

 

 Mean SD Mean SD Mean SD Mean SD 

Weight [kg] 33.4 6.9 34.0 6.4 57.6 8.9 66.3 11.7 

Height [m] 1.4 0.07 1.4 0.06 1.7 0.06 1.8 0.07 

BMI [kg/m2] 17.4 2.5 17.5 2.5 21.0 2.7 21.2 3.1 

Sum of 4  

skinfolds [mm] 

46.9 23.6 39.0 22.2 64.9 21.4 47.4 24.3 

adjW [cm/m0,9282] 47.4 4.6 47.0 4.8 48.0 4.1 46.6 5.1 

Fitness [W/kg] † 3.0 0.6 3.5 0.7 3.1 0.4 3.8 0.6 

Total activity (TA) 

[kcounts/day] 

498 158 579 153 385 103 499 176 

Activity level (AL) 

[counts/min] 

613 192 697 173 459 123 583 209 

Total time> 3METs 

(TT3M) [h:min] 

2:44 0:48 3:10 0:42 1:03 0:22 1:24 0:33 

Total time> 6METs 

(TT6M) [h:min] 

0:22 0:14 0:31 0:17 0:09 0:07 0:19 0:14 

Total time> 9METs 

(TT9M) [h:min] 

0:05 0:06 0:07 0:07 0:02 0:03 0:05 0:06 

Total time> 2+METs 

(TT2+M) [h:min] 

1:21 0:32 1:44 0:32 0:50 0:19 1:08 0:30 

Total time> 5+METs 

(TT5+M) [h:min] 

0:13 0:10 0:18 0:12 0:07 0:06 0:15 0:12 

Total time> 8+METs 

(TT8+M) [h:min] 

0:04 0:05 0:05 0:06 0:02 0:03 0:04 0:06 
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(wd/we) x age; F[2.6;856]= 97.2; p< 0.001). From 6 to 12 am on weekdays, 

9YO boys and girls were much more active than the 15YO boys and girls. On 

weekends this difference between 9 and 15YO was much smaller. The 9YO 

become more active from 6 pm to 12 am on weekends than they are on 

weekdays. Both 15YO boys and girls increase their activity after midnight on 

weekends, but not 9YO children. The difference between weekdays and 

weekends was not the same for boys and girls, (daily activity pattern x 

(wd/we) x gender; F[2.6;856]= 7.22; p< 0.001). Boys increase their activity 

on weekends from 12 to 6 am more than the girls do. Also, boys decrease 

their activity from 6 am to 12 pm more than the girls. 
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Figure 1 Activity monitors were used to assess activity on weekends and on weekdays.  The activity (y-axis) is shown for 9 and 15YO girls and 

boys (x-axis) with standard deviation. Wd = weekdays; we = weekend. 
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All 450 physical activity variables were selected for the PCA. The first 

component accounted for 38% of the variance of the physical activity 

variables and each of the next six components explained 2.6 to 11.0% of the 

variation. These seven components accounted for 72% of the variability. The 

next six components (Components 8 to 13) explained each 1 to 2% of the 

variability. Scree-plot showed a break between Components 7 and 8. 

Therefore, it was decided to use only seven components for rotation (Table 

7). The key variable (variable that had the strongest correlation with 

respective component) for each component after rotation is shown in Table 7 

and also the portion of the variation explained by each component. The PCA 

was also conducted separately on the data for the two age groups, 9YO and 

15YO (Table 7). The first seven components were the same for both 9YO 

and 15YO and for the combined data, although the portion they accounted for 

of the variation and their key variables was slightly different, as shown in 

Table 7. For most of the components, a few variables (0 to 8 variables) 

correlated almost as strongly with the components as the key variables did 

(∆r = 0.01-0.05). Variables that indicated numbers of bouts or intervals 

between bouts over 8+METs or 9 METs on weekdays had the strongest 

correlation with Component 1. Of these, the number of bouts over 9 MET on 

weekdays (NB9Mwd) had the strongest correlation for the combined data. 

Variables that indicated number of bouts over 3 MET over the whole week 

(NB3M) had the strongest correlation with Component 2. Variables that 

indicated total length of activity over 8+METs and 9 METs during the 

weekends had the strongest correlation with Component 3, where total time 

over 8+METs during weekends (TT8+Mwe) was the most strongly 

correlated. Variables that indicated total length of bouts over 8+METs or 9 

METs, which last 10 min or more on weekdays or during the whole week, 

had the strongest correlation with Component 4. Total length of bouts that 
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lasted more than 10 min over 9 METs during the whole week (TT9M10) was 

the most strongly correlated. Average length of bouts over 3 METs (AB3M) 

had the strongest correlation with Component 5. Variables that indicated 

number or length of intervals between bouts of 8+METs and 9 METs, had 

the strongest correlation with Component 6. Average number of intervals 

between bouts over 8+METs during the whole week (AI8+M) had the 

strongest correlation. Total time in intervals between bouts over 2+METs 

during the whole week (TI2+M) and total time in long intervals between 

bouts over 2+METs or 3 METs had the strongest correlation with Component 

7. 

 
Table 7.  Key variables, physical activity variance explained after rotation by the 

component and correlation coefficient of the key variable from the PCA for the first 7 

components. Key variable for each component was chosen as the variable that had the 

strongest correlation with each component (1-7). 

* Percent of variance explained in all physical activity variables after rotation. NB9Mwe = number of 

bouts over 9 METs on a weekday; NB3M = number of bouts over 3 METs; TT8+Mwe = total time 

over 8+METs on weekends; TT9M10 = total time that lasted more than 10 min over 9 METs; AB3M = 

average length of bouts over 3 METs; AI8+M = average length of intervals between bouts over 

8+METs; TI2+M = total time in intervals between bouts over 2+METs; TI9M10we = total time in 

intervals between bouts that lasted more than 10 min over 9 METs on weekends. ** Var.= Variable. 

 

All the key variables were strongly correlated with their corresponding 

component but had much lower correlation with the other components (Table 

 Var.*   Var.   Var.   

Comp 9 and 

15YO 

Var.  

exp.* 

r 9YO Var.  

exp. 

r 15YO Var. 

exp. 

r 

1 NB9Mwd 18.2% 0.89 NB9Mwd 19.8% 0.91 NB9Mwd 22.5% 0.91 

2 NB3M 18.1% 0.95 NB3M 10.8% 0.89 NB3M 11.2% 0.91 

3 TT8+Mwe 11.5% 0.87 TT8+Mwe 13.0% 0.89 TT8+Mwe 13.5% 0.83 

4 TT9M10 9.2% 0.92 TT9M10 11.9% 0.93 TT9M10 4.6% 0.79 

5 AB3M 6.0% 0.82 AB3M 6.9% 0.81 AB3M 7.9% 0.83 

6 AI8+M 5.0% 0.56 AI8+M 5.9% 0.71 TI9M10we 7.0% 0.71 

7 TI2+M 3.5% 0.78 TI2+M 4.0% 0.64 TI2+M 3.9% 0.68 
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8). Of the traditional variables (total time over 3 METs, 6 METs, 9 METs, 

2+METs, 5+METs and 8+METs, total activity and activity level), total time 

of vigorous or very vigorous activity had the strongest correlation with 

Component 1. Total time of activity of moderate or higher intensity had the 

strongest correlation with Component 2. The traditional variables had much 

lower correlation than the key variables with the other components. Total 

activity and activity level had low to moderate correlation with all 

components. 

 

Table 8.  Correlations between the components (1-7) and different physical activity 

variables. The physical activity variables shown are the seven key variables and 8 

traditional variables. 
 1 2 3 4 5 6 7 

Key variables        

NB9Mwd (1)* 0.89 0.28 0.19 0.16 0.02 0.14 0.04 

NB3M (2)* 0.20 0.95 0.08 0.02 0.05 0.06 0.06 

TT8+Mwe (3)* 0.25 0.11 0.87 0.13 0.02 0.24 0.02 

TT9M10 (4)* 0.04 0.01 0.01 0.92 0.02 0.08 0.06 

AB3M (5)* 0.26 0.05 0.13 0.14 0.82 0.04 0.05 

AI8+M (6)* 0.15 0.33 -0.04 -0.01 0.01 0.56 0.28 

TI2+M (7)* 0.01 0.03 0.04 0.01 0.02 0.06 0.78 

Traditional variables        

TT3M 0.33 0.87 0.14 0.01 0.27 0.10 0.10 

TT6M 0.70 0.42 0.26 0.22 0.36 0.18 0.02 

TT9M 0.74 0.20 0.41 0.42 0.00 0.18 0.04 

TT2+M 0.48 0.64 0.19 0.08 0.50 0.16 0.04 

TT5+M 0.75 0.22 0.34 0.31 0.30 0.18 0.04 

TT8+M 0.70 0.12 0.43 0.49 0.04 0.17 0.02 

Activity level  0.53 0.52 0.28 0.30 0.38 0.18 0.08 

Total activity  0.57 0.48 0.29 0.29 0.38 0.18 0.14 

* Component number in parenthesis. For further explanation for abbreviations, see Table 6 and 7. 

 

The association between the seven components, on one hand, and age, 

gender, BMI, fitness, skinfold, adjW, sport participation and screen time, on 

the other hand, was examined. This was done for both 9 and 15YO, 

combined and separately (Table 9). Component 2 was the most effective 
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component to separate the two age groups. This component also had the 

strongest association with BMI, skinfold and screen time of the combined 

data, and of screen time and adjW for the 15YO. Component 5 was the most 

effective component to separate the gender, both for 9YO and 15YO and the 

combined data. Also, this component had the strongest association with 

fitness, adjW and sport participation for the combined data, as well as fitness, 

skinfold, sport participation and screen time for the 9YO and BMI, fitness 

and skinfold for the 15YO.    
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Table 9.  Associations between components 1-7 and age, gender, BMI, skinfold, adjW, fitness, sport participation and screen time. 

 9 and 15 YO   Adj. for age and 

gender* 

  9YO   15YO   

Dependent variable Component Beta p Component Beta p Component Beta p Component Beta p 

Age 2 -0.83 >0.001 - - - - - - - - - 

 7 0.23 >0.001 - - - - - - - - - 

 5 0.09 0.001 - - - - - - - - - 

 1 -0.07 0.02 - - - - - - - - - 

Gender  

(girls=1; boys=2) 

5 0.34 >0.001 - - - 5 0.42 >0.001 5 0.27 >0.001 

 1 0.17 0.001 - - - 1 0.18 0.01 3 0.22 0.004 

 - - - - - - 6 -0.13 0.05 1 0.18 0.02 

 - - - - - - - - - 6 0.18 0.02 

BMI 2 -0.51 >0.001 5 -0.14 0.003 Not signific. - - 5 -0.19 0.02 

 7 0.12 0.01 - - - - - - - - - 

Skinfold 2 -0.28 >0.001 2 -0.19 0.04 5 -0.25 0.001 5 -0.31 >0.001 

 5 -0.25 >0.001 5 -0.19 0.01 - - - 2 -0.25 0.001 

 3 -0.11 0.03 - - - - - - - - - 

adjW 5 -0.14 0.01 5 -0.12 0.03 Not signific. - - 2 -0.17 0.03 

 - - - - - - - - - 5 -0.17 0.03 

Fitness 5 0.31 >0.001 5 0.16 0.005 5 0.24 0.004 5 0.39 >0.001 

 2 -0.16 0.01 - - - - - - - - - 

 3 0.13 0.03 - - - - - - - - - 

 7 0.12 0.04 - - - - - - - - - 

Sport participation 5 0.20 0.001 5 0.17 0.005 5 0.18 0.03 5 0.23 0.004 

 1 0.12 0.03 - - - - - - 3 0.22 0.01 

 - - - - - - - - - 1 0.16 0.04 

Screen time 2 -0.39 >0.001 3 -0.12 0.02 5 0.30 >0.001 2 -0.32 0.001 

 3 -0.11 0.05    - - - 5 -0.23 0.01 

 - - -    - - - 7 0.23 0.01 

 - - -    - - - 3 -0.17 0.03 

*Adjusted for age and gender. For further explanation for components numbers, see Table 7.
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To verify the PCA and regression analysis, bivariate correlations between the 

demographic (age and gender), anthropometric (adjW, skinfold, BMI), and 

physical (fitness) variables and behavioural indicators (sport participation and 

screen time) on the one hand and the key and traditional physical activity 

variables on the other were calculated (Table 10). All demographic, 

anthropometric, physical, and behavioural variables correlated most strongly 

with the key variables, which represented the component that was the 

strongest predictor for each of the demographic, anthropometric, physical, or 

behavioural variables, respectively. Although, the key variables had usually 

stronger correlation than any of the traditional physical activity variables, 

some of the traditional variables had correlation coefficients similar to the 

key variables. The exception was the sum of four skinfolds, where several of 

the traditional variables had a stronger correlation than any of the key 

variables. However, skinfold was predicted almost equally by Components 2 

and 5, and the corresponding two key variables had similar correlation 

coefficients with skinfold. Mean and standard deviation for the seven key 

variables are shown in Table 11. 

 

 



29 

 

Table 10.  Bivariate correlation between age, gender, BMI, fitness, skinfold, adjW, 

sport participation and screen time. 
 Age Gender BMI Skinfold adjW Fitness Sport  

part.* 

Screen  

time 

Activity  level n=338 † -0.31* 0.23* -0.24* -0.33* -0.11* 0.16* 0.20* -0.22* 

Total activity  n=338 † -0.26* 0.26* -0.21* -0.32* -0.11* 0.18* 0.20* -0.19* 

TT3M n= 338 † -0.78* 0.10* -0.48* -0.34* -0.06 -0.04 0.05 -0.34* 

TT6M n= 338 † -0.37* 0.25* -0.25* -0.31* -0.09 0.13* 0.19* -0.18* 

TT9M n= 338 † -0.21* 0.16* -0.10* -0.17* -0.02 0.04 0.13* -0.12* 

TT2+M n= 338 † -0.46* 0.26* -0.33* -0.37* -0.12* 0.14* 0.16* -0.23* 

TT5+M n= 338 † -0.17* 0.26* -0.13* -0.26* -0.08 0.17* 0.22* -0.12* 

TT8+M n= 338 † -0.12* 0.15* -0.05 -0.15* -0.03 0.06 0.12* -0.09 

NB9Mwd n= 439†† 

(Comp.1) 

-0.32* 0.20* -0.16* -0.19* -0.03 0.06 0.11* -0.11* 

NB3M n= 338 † 

(Comp.2) 

-0.87* -0.06 -0.51* -0.28* -0.03 -0.17* -0.04 -0.39* 

TT8+Mwe n= 339††† 

(Comp.3) 

-0.11* 0.14* -0.09 -0.17* -0.07 0.08 0.12* -0.12* 

TT9M10= 338 † 

(Comp.4) 

0.07 0.03 0.02 -0.03 0.01 0.00 0.08 -0.01 

AB3M n= 338 † 

(Comp.5) 

0.10 0.37* -0.03 -0.23* -0.10 0.33* 0.22* -0.02 

AI8+M n= 338  †  

(Comp.6) 

-0.28* 0.04 -0.11* -0.13* 0.00 -0.02 0.15* -0.12* 

TI2+M n= 338  † 

(Comp.7) 

0.21* 0.02 0.14* 0.04 0.02 0.06 0.01 0.10 

* Significant difference. † = n = 270 for fitness, 337 for adjW, 293 for sport participation, 298 for 

screen time. †† = n = 349 for fitness, 438 for adjW, 377 for sport participation, 383 for screen time. ††† 

= n = 271 for fitness, 338 for adjW, 293 for sport participation, 298 for screen time. For further 

explanation of abbreviations, see Table 6 and 7. * Sport participation. 

 

 
Table 11. Mean and standard deviation for the seven strongest variables listed 

according to age and gender. 
 9YO girls 

n= 96† 

9YO boys 

n= 80† 

15YO girls 

n= 72† 

15YO boys 

n= 90† 

 Mean SD* Mean SD Mean SD Mean SD 

NB9Mwd 3.9 3.6 5.8 4.9 1.6 2.0 3.1 3.3 

NB3M 66.2 14.0 65.6 10.7 25.9 6.0 28.2 10.0 

TT8+Mwe [min] 2.1 3.6 3.0 6.0 0.5 1.5 2.4 4.7 

TT9M10[min] 0.2 1.7 0.1 0.5 0.1 0.8 0.4 1.1 

AB3M[min] 2.4 0.4 3.0 0.5 2.5 0.6 3.0 0.8 

AI8+M[min] 46.3 59.1 43.0 48.6 13.1 27.8 28.1 44.7 

TI2+M[min] 695.6 80.3 690.1 79.2 746.6 152.0 749.3 128.9 

† = n = 122 for NB9Mwd with 9YO girls, 106 for 9YO boys, 100 for 15YO girls and 111 for 15YO 

boys.  * SD = standard deviation.  For further explanation of abbreviations, see Table 7. 
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DISCUSSIONS 

 

Main findings 

In this study, different factors of the activity pattern of 9 and 15YO Icelandic 

youngsters were investigated. The main finding was that the daily activity 

pattern is different both between age groups and between genders. Aside 

from being less active on weekends, it was found that the children showed 

different activity patterns on weekdays and weekends. This difference was 

not the same for the two age groups or genders. Seven independent 

components of the physical activity were identified by the use of a factor 

analysis (Principal component analysis). Three of these components 

represented different aspects of physical activity of moderate or higher 

intensity, wheras four of them described very vigorous physical activity. Two 

of the components which represented physical activity bouts of moderate or 

higher intensity (one that represented average length of the bouts and another 

that represented the number of bouts in a day) had the strongest associations 

with several variables examined. These were age, gender, three body 

composition variables, fitness and two lifestyle indicators.   

 

Changes in activity 

Physical activity declines with age and boys are more active than girls, as has 

been shown in previous studies (19, 20, 39, 66, 72, 96, 98, 105, 112, 128, 

138, 144). Furthermore, in agreement with most previous studies, the 

children recorded less activity on weekends (106, 112, 120, 131-133).  

 Both age groups were most active from 12 to 6 pm on weekdays. This 

is the time from lunch break at school, until dinner time. It has been 

demonstrated, that after 3 pm, the active children become more active (106). 
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The children probably have the greatest opportunity to be active at this time 

of day, i.e. to go to sport training or exercise by themselves (96). Other 

studies have shown that children are most active around noon, both on 

weekends and weekdays, and also in the morning when travelling to school 

and after school on weekdays (96, 106). Their activity was less on weekends, 

and the variation over the day was not as obvious as on weekdays. This 

smoother activity pattern, i.e. without the peeks observed on weekdays, has 

also been observed by others (106, 120, 131-133). Results concerning intra-

week variation in average level of physical activity, is however inconsistent 

between countries, especially with younger children. Results from Danish 

and Norwegian children demonstrated greater levels of physical activity on 

weekdays. No difference was observed in Estonian children but the 

Portuguese showed higher levels of physical activity on weekends (91).  

 Our results, mirroring those of others, show that the younger children 

were more active than the older children on weekends (131, 137). The 

younger children increased their activity more from 6 pm to 12 am on 

weekends, but the older children increased their activity after midnight on 

weekends. This change in activity pattern seems to indicate that both children 

and adolescents stayed active longer and probably slept longer on weekends 

than during the week. The boys stayed awake longer than the girls on 

weekends but also showed decreased activity from 6 am to 12 pm compared 

to the girls. Similar results have previously been published about intra-day 

variation in physical activity (91).  

 New thresholds were composed to get as accurate evaluation of 

physical activity in children as possible. The difference between the old and 

new thresholds was small. When the PCA was performed, 3 METs and 

2+METs, and 9 METs and 8+METs often came up together in the 

components, but in most cases key variables based on the old thresholds were 
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more strongly correlated. Needless to say this holds true for these data only, 

and further research may show different results.  

 Three days of monitoring is most common in studies like this one, 

and gives a good realistic estimation of children´s activity (82). By 

combining accelerometer data and self-report diaries, an even better picture 

of the activity pattern is established (66). The first step, to distinguish 

between the subcomponents of activity, is a complex process and many ways 

can be used to distinguish between them. By using different physical activity 

variables, different results might be obtained. 

 Different variables of moderate activity or very vigorous activity had 

the strongest correlation with each of the seven key variables. Four of the 

components (Comp. 1, 3, 4 and 6) were indicators of very vigorous activity 

(over 8+METs or 9 METs). These four represented: a) number of very 

vigorous activity bouts on weekdays (Comp. 1); b) total time spent in very 

vigorous activity on weekends (Comp. 3); c) total time spent in long (>10 

min) very vigorous activity bouts (Comp. 4); and d) the length of the 

intervals between very vigorous bouts (Comp. 6). Three of the components 

(Comp. 2, 5 and 7) represented activity of moderate or higher intensity. 

These three represented: a) number of bouts of moderate or higher intensity 

(Comp. 2); b) average length of bouts of moderate or higher intensity (Comp. 

5); and c) total length of the intervals between bouts (Comp 7). 

 The main difference in physical activity between the age groups was 

that the number of bouts of moderate or higher intensity was much higher for 

the 9YO than the 15YO (Comp. 2) or 66 bouts in a day on average versus 26 

to 28 bouts (Table 11). Also, the 15YO bouts of moderate activity were 

distributed over a longer time period (Comp. 7). There was only a weak 

correlation of Comp. 5 (length of moderate or more intense bouts) and 1 

(number of very vigorous bouts on weekdays) with age. Butte and co-
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workers (19) have shown that physical activity among 4 to 19YO Hispanic 

children was intermittent and not sustained for long periods of time. It is also 

evident that vigorous activity is not very common in young children, and is 

usually performed in only short bursts (105, 138). In this study, the number 

of very vigorous bouts was only weakly associated with age. 

The main difference between the gender was that boys had longer 

bouts of moderate or higher intense activity than girls (Comp. 5). The 

average bout was 2.4 to 2.5 min for girls but 3.0 min for boys (Table 11). 

Also, boys did more numerous bouts of very vigorous activity than girls on 

weekdays (Comp. 1) and for the 15YO, the boys spent more time on 

weekends in very vigorous activity than girls (Comp. 3). Although the 15YO 

boys spread their very vigorous activity over a longer time during the day 

than the girls, the reverse was true for the 9YO (Comp. 6). This difference in 

activity between boys and girls is consistent with previous studies (112, 116, 

138). It has been reported that middle school girls spend a lot of time in 

sedentary and light physical activity and that boys tend to show more 

vigorous activity at all age levels (98, 99, 133, 151). Previous studies have 

also shown that duration and intensity of bouts were greater in boys than in 

girls (98, 112, 117) which is in agreement with this study.  

BMI was negatively associated with the number of bouts of moderate 

or higher intensity activity (Comp. 2). The children who had higher BMI 

distributed these bouts over a longer period of the day (Comp. 7). After 

adjustment for age and gender, the length of bouts of moderate or higher 

intensity activity was negatively correlated with BMI. It has previously been 

found that types and levels of physical activity (e.g. total activity counts and 

partitioning of awake time into sedentary, light, moderate and vigorous levels 

of physical activity) are influenced by BMI among other things (19, 70). 
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Both the number (Comp. 2) and length of bouts (Comp. 5) of 

moderate or high intensity had a similar association with skinfold thickness 

before and after adjusting for age and gender. Very vigorous activity on 

weekends also correlated with skinfold, but not after adjustment for age and 

gender. AdjW was negatively associated with the length of bouts of moderate 

or higher intensity (Comp. 5). Thus, this study indicates that it is the length of 

the bouts, rather than the intensity that is most strongly associated with 

fatness. Ruiz and co-workers (113) showed that the intensity of physical 

activity, especially very vigorous intensity, was negatively related to body 

fatness, but not total physical activity. Gutin and co-workers (58) showed 

similar results, where children who engaged in a relatively large amount of 

physical activity tended to have lower body fat. On the contrary, some studies 

show no association between vigorous physical activity and body fatness 

(104). 

Fitness was most strongly associated with length of bouts of moderate 

intensity or greater (Comp. 5). Also, increased fitness was negatively 

associated with the number of bouts of moderate or higher intensity (Comp. 

2), positively with number of bouts of very vigorous activity on weekends 

(Comp. 3) and positively with the distribution of bouts of moderate activity 

or greater (Comp. 7). After adjustment for age and gender, fitness was only 

associated with the length of bouts of moderate activity or greater. Previous 

studies have usually shown a relationship between very vigorous activity and 

fitness, that is, high intensity activity is required to have an effect on fitness 

(58, 97, 113, 124). The results of this study suggest that the length of the 

bouts of activity rather than their intensity is important to fitness. Further 

study is needed to confirm these results. However, this may also indicate that 

reduced fitness will result from only engaging in shorter bouts of activity.  
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Children reporting greater sport participation tended to engage in 

longer bouts of moderate intensity or greater (Comp. 5). This group also 

engaged in very vigorous activity on weekdays, but not after adjusting for 

age and gender. According to the children´s answers on the questionnaire 

regarding self-estimated activity, the older children were more likely to 

participate in near-daily organized sports. At the same time, more 15YO 

participated less than once per week in organized sports than 9YO. It would 

seem that those 15YO children who engage in organized sports, do so quite 

regularly. However, the active 9YO children do not have as many training 

sessions per week-, as the older children. Activity is known to decrease with 

age, but those who remain active, are indeed very active, wheras others 

decrease their activity dramatically. This finding, that children and 

adolescents who participate in sports achieve longer bouts of intensity, has 

been previously reported (118). 

Screen time was negatively associated with both the number of bouts 

of moderate or greater intensity (Comp. 2), and also vigorous activity on 

weekends (Comp. 3). After adjusting for age and gender, increased screen 

time correlated only with very vigorous activity on weekends (Comp. 3). 

Consistent with these results, it has previously been reported that eighth 

grade adolescents spend more time sedentary during weekends compared to 

weekdays (66). The relationship between decreased physical activity and 

increased sedentary behaviour is consistent with some previous studies (60, 

146), and Guinhouya and co-workers (55) who used the PCA method, 

showed that physical activity is inversely related to sedentary behaviour. 

Nonetheless, other studies have shown different results (36, 60).  

According to our questionnaire results, TV, DVD and video viewing 

increased with age along with internet usage. Older children may have better 

access to computers and, therefore, spend more time on the internet for 
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recreation. Children´s interest in TV material likely changes with 

adolescence. They are likely allowed to watch a greater variety of films and 

TV shows and thus spend more time in front of the TV. Boys play 

videogames more often, both on weekdays and weekends. In a recent study 

done by Jago and co-workers (66) it was demonstrated that even though boys 

appear to spend more time watching TV, DVDs, videos, or playing 

videogames, they are still more active than girls. These findings agree with 

the results of this study. However, like with all self-reports, especially with 

children, the results should be taken with precaution (6, 46, 117, 136).  

 Physical inactivity is a well documented factor in childhood obesity 

(136). The proven efficacy of physical activity late in childhood speaks well 

to starting its promotion from an early age and thus forming healthy habits 

(43, 99). Because of the age-related decline in physical activity in 

adolescents, our results support the need for intervention. The after-school 

period is probably the best target for these interventions, as has been 

suggested previously (66). Activity also decreases on weekends, despite there 

being more free time available. Interventions that reach adolescent girl are 

especially needed because they were the least active of all subjects in this 

study. This gender difference seems to start at an early age, and an 

observational study of preschool-aged children demonstrated that boys play 

games with greater intensity than girls, who choose games of less intensity 

(99). One explanation for the age decline could be that when children grow 

and become adolescents, they stop playing outside and the school starts to 

occupy more of their free time (92). This age and gender differences is 

recognized in many countries, e.g. Denmark, Estonia, Norway and Portugal 

(91), although these countries have relatively different cultures, climates and 

landscapes. These differences are thus not only determined by environmental 

factors; biological factors may play a role (105).  
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Prevention and treatment of obesity ultimately involves eating less 

and being more physically active. This may sounds simple, but long-term 

weight loss has proven quite difficult for many. The issue can also be 

complicated to explain to children, who seldom have the maturity to 

understand the complex interactions between physical activity, energy intake, 

and weight control. Peer pressure and advertisments on TV also affect 

children (9). It has been observed that children who are more likely to benefit 

from physical activity are less likely to participate in it (76). Thus it must be a 

priority to find novel ways to involve everyone in physical activity and enjoy 

it. Establishing behaviour that encourages physical activity early in life 

would likely be carried on into adulthood, and thus positively influence 

current and future health (23). The journey to school provides an opportunity 

for most children to increase their daily physical activity instead of being 

driven to school (23). Only small proportion of children live so far from their 

school that they cannot go there on bicycle or on foot. Those who can´t 

mostly attend schools in the countryside, and must go by car. One of the 

national health objectives for 2010 in the United States is to promote trips to 

school made by walking and cycling. Many programs to encourage active 

travel to school, are being implemented throughout the United States, 

Europe, and Australia (23, 84). Walking or cycling to school has been 

associated with higher daily physical activity and increased daily energy 

expenditure in children and adolescents compared with those travelling by 

car in the United States, Europe, and elsewhere (23, 84, 122, 142). Some 

studies have however failed to demonstrate a clear benefit of active travel (3, 

46, 147).  

The recommended amount of physical activity is now around 60 min 

of moderate to vigorous intensity, as discussed earlier. Possibly even more 

activity is needed for prevention of overweight and obesity (119). One or two 
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hours per day may be closer to what is needed to prevent obesity (9, 12, 37). 

Active travel might not by itself be enough to fulfil these recommendations, 

so other ways should be explored. Increased promotion of different sports 

could encourage children to spend more time being active. Various sports and 

activities are on offer in most towns and cities, thus everyone should be able 

to find something suitable. Children are naturally variably gifted at sports, 

there are differences in fitness, coordination and flexibility. However, with 

the variety of activities available, a suitable activity exists for all children. All 

they need is motivation and an appropriate environment. Increased physical 

activity education in schools is also an option. By increasing education about 

the good health effects of an active lifestyle, children and adolescents could 

become more aware of their behaviour and then be more open to changes. In 

addition to extra allotted time at school for physical activity, there should 

also be lectures and education about these matters. 

This study found the activity pattern varied between ages and genders 

and was also different on weekends compared to weekdays. In this study the 

activity pattern was broken down to seven independent components, which 

all described the activity differently. By one exception (55), this is the first 

study to use PCA to examine physical activity patterns in humans. The 

results indicate that it is the length of bouts, rather than the total time over 

certain intensity thresholds, activity level or total activity that is most 

strongly associated with fatness and fitness. These results demonstrate that it 

is important not only to look at traditional variables of physical activity, but 

also to examine different components of the activity pattern. It is also 

important to verify the results of this study by performing intervention 

studies in which the physical activity is composed of long periods of 

moderate activity. 

 



39 

 

REFERENCES 

 

1. Abbott RA, Davies PS. Habitual physical activity and physical 

activity intensity: their relation to body composition in 5.0-10.5-y-old 

children. European Journal of Clinical Nutrition. 2004;58(2):285-91. 

 

2. Andersen LB, Harro M, Sardinha LB, et al. Physical activity and 

clustered cardiovascular risk in children: a cross-sectional study (The 

European Youth Heart Study). Lancet. 2006;368(9532):299-304. 

 

3. Andersen LB, Schnohr P, Schroll M, Hein HO. All-cause mortality 

associated with physical activity during leisure time, work, sports, and 

cycling to work. Archives of Internal Medicine. 2000;160(11):1621-8. 

 

4. Arngrimsson SA, Sveinsson T, Gunnarsdottir I, Palsson GI, 

Johannsson E, Thorsdottir I. The relation of fatness to insulin is 

independent of fitness in 9- but not 15-yr-olds. Medicine and Science 

in Sports and Exercise. 2008;40(1):43-9. 

 

5. Arngrimsson SA, Sveinsson T, Johannsson E. Peak oxygen uptake in 

children: evaluation of an older prediction method and development 

of a new one. Pediatr Exerc Sci. 2008;20(1):62-73. 

 

6. Baranowski T. Validity and Reliability of Self Report Measures of 

Physical-Activity - an Information-Processing Perspective. Research 

Quarterly for Exercise and Sport. 1988;59(4):314-327. 

 

7. Baranowski T, Bouchard C, Baror O, et al. Assessment, Prevalence, 

and Cardiovascular Benefits of Physical-Activity and Fitness in 

Youth. Medicine and Science in Sports and Exercise. 

1992;24(6):S237-S247. 

 

8. Barbeau P, Gutin B, Litaker M, Owens S, Riggs S, Okuyama T. 

Correlates of individual differences in body-composition changes 

resulting from physical training in obese children. American Journal 

of Clinical Nutrition. 1999;69(4):705-11. 

 

9. Barlow SE, Dietz WH. Obesity evaluation and treatment: Expert 

Committee recommendations. The Maternal and Child Health 

Bureau, Health Resources and Services Administration and the 



40 

 

Department of Health and Human Services. Pediatrics. 

1998;102(3):E29. 

 

10. Barsh GS, Farooqi IS, O'Rahilly S. Genetics of body-weight 

regulation. Nature. 2000;404(6778):644-51. 

 

11. Berkey CS, Rockett HR, Gillman MW, Colditz GA. One-year 

changes in activity and in inactivity among 10- to 15-year-old boys 

and girls: relationship to change in body mass index. Pediatrics. 

2003;111(4 Pt 1):836-43. 

 

12. Biddle S, Sallis JF, Cavill N. Young and active? Young people and 

health-enhancing physical activity-evidence and implications. 

London: Health Education Authority, 1999. 

 

13. Booth ML, Chey T, Wake M, et al. Change in the prevalence of 

overweight and obesity among young Australians, 1969-1997. 

American Journal of Clinical Nutrition. 2003;77(1):29-36. 

 

14. Boreham C, Riddoch C. The physical activity, fitness and health of 

children. Journal of Sports Sciences. 2001;19(12):915-29. 

 

15. Borzekowski DL, Robinson TN. The 30-second effect: an experiment 

revealing the impact of television commercials on food preferences of 

preschoolers. Journal of the American Dietetic Association. 

2001;101(1):42-6. 

 

16. Brage S, Wedderkopp N, Franks PW, Andersen LB, Froberg K. 

Reexamination of validity and reliability of the CSA monitor in 

walking and running. Medicine and Science in Sports and Exercise. 

2003;35(8):1447-54. 

 

17. Brooks GA, Butte NF, Rand WM, Flatt JP, Caballero B. Chronicle of 

the Institute of Medicine physical activity recommendation: how a 

physical activity recommendation came to be among dietary 

recommendations. American Journal of Clinical Nutrition. 

2004;79(5):921S-930S. 

 

18. Butte NF, Cai G, Cole SA, Comuzzie AG. Viva la Familia Study: 

genetic and environmental contributions to childhood obesity and its 

comorbidities in the Hispanic population. American Journal of 

Clinical Nutrition. 2006;84(3):646-54; quiz 673-4. 



41 

 

 

19. Butte NF, Puyau MR, Adolph AL, Vohra FA, Zakeri I. Physical 

activity in nonoverweight and overweight Hispanic children and 

adolescents. Medicine and Science in Sports and Exercise. 

2007;39(8):1257-66. 

 

20. Caspersen CJ, Pereira MA, Curran KM. Changes in physical activity 

patterns in the United States, by sex and cross-sectional age. Medicine 

and Science in Sports and Exercise. 2000;32(9):1601-9. 

 

21. Caspersen CJ, Powell KE, Christenson GM. Physical activity, 

exercise, and physical fitness: definitions and distinctions for health-

related research. Public Health Reports. 1985;100(2):126-31. 

 

22. Chinn S, Rona RJ. Prevalence and trends in overweight and obesity in 

three cross sectional studies of British Children, 1974-94. BMJ. 

2001;322(7277):24-6. 

 

23. Cooper AR, Wedderkopp N, Wang H, Andersen LB, Froberg K, Page 

AS. Active travel to school and cardiovascular fitness in Danish 

children and adolescents. Medicine and Science in Sports and 

Exercise. 2006;38(10):1724-31. 

 

24. Crouter SE, Clowers KG, Bassett DR, Jr. A novel method for using 

accelerometer data to predict energy expenditure. Journal of Applied 

Physiology. 2006;100(4):1324-31. 

 

25. Davies PS, Gregory J, White A. Physical activity and body fatness in 

pre-school children. International Journal of Obesity and Related 

Metabolic Disorders. 1995;19(1):6-10. 

 

26. Deheeger M, Rolland-Cachera MF, Fontvieille AM. Physical activity 

and body composition in 10 year old French children: linkages with 

nutritional intake? International Journal of Obesity and Related 

Metabolic Disorders. 1997;21(5):372-9. 

 

27. DeLany JP, Bray GA, Harsha DW, Volaufova J. Energy expenditure 

in African American and white boys and girls in a 2-y follow-up of 

the Baton Rouge Children's Study. American Journal of Clinical 

Nutrition. 2004;79(2):268-73. 

 



42 

 

28. Dietz WH. Health consequences of obesity in youth: childhood 

predictors of adult disease. Pediatrics. 1998;101(3 Pt 2):518-25. 

 

29. Dietz WH, Jr. Prevention of childhood obesity. Pediatric Clinics of 

North America. 1986;33(4):823-33. 

 

30. Dietz WH, Jr., Gortmaker SL. Do we fatten our children at the 

television set? Obesity and television viewing in children and 

adolescents. Pediatrics. 1985;75(5):807-12. 

 

31. Dionne I, Almeras N, Bouchard C, Tremblay A. The association 

between vigorous physical activities and fat deposition in male 

adolescents. Medicine and Science in Sports and Exercise. 

2000;32(2):392-5. 

 

32. DuRant RH, Baranowski T, Johnson M, Thompson WO. The 

relationship among television watching, physical activity, and body 

composition of young children. Pediatrics. 1994;94(4 Pt 1):449-55. 

 

33. Dyrstad SM, Aandstad A, Hallen J. Aerobic fitness in young 

Norwegian men: a comparison between 1980 and 2002. Scandinavian 

Journal of Medicine and Science in Sports. 2005;15(5):298-303. 

 

34. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-

health crisis, common sense cure. Lancet. 2002;360(9331):473-82. 

 

35. Ekelund U, Aman J, Yngve A, Renman C, Westerterp K, Sjostrom M. 

Physical activity but not energy expenditure is reduced in obese 

adolescents: a case-control study. American Journal of Clinical 

Nutrition. 2002;76(5):935-941. 

 

36. Ekelund U, Brage S, Froberg K, et al. TV viewing and physical 

activity are independently associated with metabolic risk in children: 

the European Youth Heart Study. PLoS Med. 2006;3(12):e488. 

 

37. Ekelund U, Sardinha LB, Anderssen SA, et al. Associations between 

objectively assessed physical activity and indicators of body fatness 

in 9- to 10-y-old European children: a population-based study from 4 

distinct regions in Europe (the European Youth Heart Study). 

American Journal of Clinical Nutrition. 2004;80(3):584-90. 

 



43 

 

38. Ekelund U, Sjostrom M, Yngve A, et al. Physical activity assessed by 

activity monitor and doubly labeled water in children. Medicine and 

Science in Sports and Exercise. 2001;33(2):275-281. 

 

39. Ekelund U, Yngve A, Brage S, Westerterp K, Sjostrom M. Body 

movement and physical activity energy expenditure in children and 

adolescents: how to adjust for differences in body size and age. 

American Journal of Clinical Nutrition. 2004;79(5):851-856. 

 

40. Eliakim A, Makowski GS, Brasel JA, Cooper DM. Adiposity, lipid 

levels, and brief endurance training in nonobese adolescent males. 

International Journal of Sports Medicine. 2000;21(5):332-7. 

 

41. Eliakim A, Scheett T, Allmendinger N, Brasel JA, Cooper DM. 

Training, muscle volume, and energy expenditure in nonobese 

American girls. Journal of Applied Physiology. 2001;90(1):35-44. 

 

42. Epstein LH, Paluch RA, Consalvi A, Riordan K, Scholl T. Effects of 

manipulating sedentary behavior on physical activity and food intake. 

Journal of Pediatrics. 2002;140(3):334-9. 

 

43. Finn K, Johannsen N, Specker B. Factors associated with physical 

activity in preschool children. Journal of Pediatrics. 2002;140(1):81-

5. 

 

44. Fitzgerald SJ, Kriska AM, Pereira MA, de Courten MP. Associations 

among physical activity, television watching, and obesity in adult 

Pima Indians. Medicine and Science in Sports and Exercise. 

1997;29(7):910-5. 

 

45. Freedman DS, Srinivasan SR, Valdez RA, Williamson DF, Berenson 

GS. Secular increases in relative weight and adiposity among children 

over two decades: the Bogalusa Heart Study. Pediatrics. 

1997;99(3):420-6. 

 

46. Freedson P, Pober D, Janz KF. Calibration of accelerometer output 

for children. Medicine and Science in Sports and Exercise. 

2005;37(11 Suppl):S523-30. 

 

47. Freedson PS, Melanson E, Sirard J. Calibration of the Computer 

Science and Applications, Inc. accelerometer. Medicine and Science 

in Sports and Exercise. 1998;30(5):777-81. 



44 

 

 

48. French SA, Story M, Perry CL. Self-esteem and obesity in children 

and adolescents: a literature review. Obesity Research. 

1995;3(5):479-90. 

 

49. Goran MI, Hunter G, Nagy TR, Johnson R. Physical activity related 

energy expenditure and fat mass in young children. International 

Journal of Obesity and Related Metabolic Disorders. 1997;21(3):171-

8. 

 

50. Gordon-Larsen P. Obesity-related knowledge, attitudes, and 

behaviors in obese and non-obese urban Philadelphia female 

adolescents. Obesity Research. 2001;9(2):112-8. 

 

51. Gore SA, Foster JA, DiLillo VG, Kirk K, Smith West D. Television 

viewing and snacking. Eat Behav. 2003;4(4):399-405. 

 

52. Gorely T, Marshall SJ, Biddle SJ. Couch kids: correlates of television 

viewing among youth. Int J Behav Med. 2004;11(3):152-63. 

 

53. Gortmaker SL, Must A, Sobol AM, Peterson K, Colditz GA, Dietz 

WH. Television viewing as a cause of increasing obesity among 

children in the United States, 1986-1990. Archives of Pediatrics and 

Adolescent Medicine. 1996;150(4):356-62. 

 

54. Grund A, Krause H, Siewers M, Rieckert H, Muller MJ. Is TV 

viewing an index of physical activity and fitness in overweight and 

normal weight children? Public Health Nutr. 2001;4(6):1245-51. 

 

55. Guinhouya CB, Soubrier S, Vilhelm C, et al. Physical activity and 

sedentary lifestyle in children as time-limited functions: Usefulness of 

the principal component analysis method. Behavior Research 

Methods. 2007;39(3):682-688. 

 

56. Guo SS, Wu W, Chumlea WC, Roche AF. Predicting overweight and 

obesity in adulthood from body mass index values in childhood and 

adolescence. American Journal of Clinical Nutrition. 2002;76(3):653-

8. 

 

57. Gutin B, Barbeau P, Owens S, et al. Effects of exercise intensity on 

cardiovascular fitness, total body composition, and visceral adiposity 



45 

 

of obese adolescents. American Journal of Clinical Nutrition. 

2002;75(5):818-26. 

 

58. Gutin B, Yin Z, Humphries MC, Barbeau P. Relations of moderate 

and vigorous physical activity to fitness and fatness in adolescents. 

American Journal of Clinical Nutrition. 2005;81(4):746-50. 

 

59. Gutin B, Yin Z, Humphries MC, et al. Relations of body fatness and 

cardiovascular fitness to lipid profile in black and white adolescents. 

Pediatric Research. 2005;58(1):78-82. 

 

60. Hager RL. Television viewing and physical activity in children. 

Journal of Adolescent Health. 2006;39(5):656-61. 

 

61. Hancox RJ, Milne BJ, Poulton R. Association between child and 

adolescent television viewing and adult health: a longitudinal birth 

cohort study. Lancet. 2004;364(9430):257-62. 

 

62. Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR, Flegal 

KM. Prevalence of overweight and obesity among US children, 

adolescents, and adults, 1999-2002. JAMA. 2004;291(23):2847-50. 

 

63. Hendelman D, Miller K, Baggett C, Debold E, Freedson P. Validity 

of accelerometry for the assessment of moderate intensity physical 

activity in the field. Medicine and Science in Sports and Exercise. 

2000;32(9 Suppl):S442-9. 

 

64. Henry CJ. Basal metabolic rate studies in humans: measurement and 

development of new equations. Public Health Nutr. 

2005;8(7A):1133-52. 

 

65. Hill JO, Peters JC. Environmental contributions to the obesity 

epidemic. Science. 1998;280(5368):1371-4. 

 

66. Jago R, Anderson CB, Baranowski T, Watson K. Adolescent patterns 

of physical activity differences by gender, day, and time of day. 

American Journal of Preventive Medicine. 2005;28(5):447-52. 

 

67. Janz KF, Levy SM, Burns TL, Torner JC, Willing MC, Warren JJ. 

Fatness, physical activity, and television viewing in children during 

the adiposity rebound period: the Iowa Bone Development Study. 

Preventive Medicine. 2002;35(6):563-71. 



46 

 

 

68. Katzmarzyk PT, Malina RM, Song TM, Bouchard C. Physical 

activity and health-related fitness in youth: a multivariate analysis. 

Medicine and Science in Sports and Exercise. 1998;30(5):709-14. 

 

69. Katzmarzyk PT, Malina RM, Song TM, Bouchard C. Television 

viewing, physical activity, and health-related fitness of youth in the 

Quebec Family Study. Journal of Adolescent Health. 1998;23(5):318-

25. 

 

70. Katzmarzyk PT, Tremblay S, Morrison R, Tremblay MS. Effects of 

physical activity on pediatric reference data for obesity. Int J Pediatr 

Obes. 2007;2(3):138-43. 

 

71. Kimm SY, Glynn NW, Kriska AM, et al. Longitudinal changes in 

physical activity in a biracial cohort during adolescence. Medicine 

and Science in Sports and Exercise. 2000;32(8):1445-54. 

 

72. Klasson-Heggebo L, Anderssen SA. Gender and age differences in 

relation to the recommendations of physical activity among 

Norwegian children and youth. Scandinavian Journal of Medicine 

and Science in Sports. 2003;13(5):293-8. 

 

73. Koplan JP, Dietz WH. Caloric imbalance and public health policy. 

JAMA. 1999;282(16):1579-81. 

 

74. Kotz K, Story M. Food advertisements during children's Saturday 

morning television programming: are they consistent with dietary 

recommendations? Journal of the American Dietetic Association. 

1994;94(11):1296-300. 

 

75. Kriemler S, Hebestreit H, Mikami S, Bar-Or T, Ayub BV, Bar-Or O. 

Impact of a single exercise bout on energy expenditure and 

spontaneous physical activity of obese boys. Pediatric Research. 

1999;46(1):40-4. 

 

76. Lemmon CR, Ludwig DA, Howe CA, Ferguson-Smith A, Barbeau P. 

Correlates of adherence to a physical activity program in young 

African-American girls. Obesity (Silver Spring). 2007;15(3):695-703. 

 

77. Lewis MK, Hill AJ. Food advertising on British children's television: 

a content analysis and experimental study with nine-year olds. 



47 

 

International Journal of Obesity and Related Metabolic Disorders. 

1998;22(3):206-14. 

 

78. Lýðheilsustöð. Retrieved March 15
th

, 2008, from 

http://www.lydheilsustod.is/fraedsla/fraedsluefni/hreyfing/nr/2358 

 

79. Maffeis C, Zaffanello M, Schutz Y. Relationship between physical 

inactivity and adiposity in prepubertal boys. Journal of Pediatrics. 

1997;131(2):288-92. 

 

80. Malina RM. Tracking of physical activity and physical fitness across 

the lifespan. Research Quarterly for Exercise and Sport. 1996;67(3 

Suppl):S48-57. 

 

81. Marshall SJ, Biddle SJ, Gorely T, Cameron N, Murdey I. 

Relationships between media use, body fatness and physical activity 

in children and youth: a meta-analysis. International Journal of 

Obesity and Related Metabolic Disorders. 2004;28(10):1238-46. 

 

82. Masse LC, Fuemmeler BF, Anderson CB, et al. Accelerometer data 

reduction: a comparison of four reduction algorithms on select 

outcome variables. Medicine and Science in Sports and Exercise. 

2005;37(11 Suppl):S544-54. 

 

83. McMurray RG, Harrell JS, Deng S, Bradley CB, Cox LM, 

Bangdiwala SI. The influence of physical activity, socioeconomic 

status, and ethnicity on the weight status of adolescents. Obesity 

Research. 2000;8(2):130-9. 

 

84. Merom D, Tudor-Locke C, Bauman A, Rissel C. Active commuting 

to school among NSW primary school children: implications for 

public health. Health Place. 2006;12(4):678-87. 

 

85. Ministers NCo. Nordic Nutrition Recommendations. Integrating 

nutrition and physical activity, 4th edition. Copenhagen, 2004. 

 

86. Moore LL, Nguyen US, Rothman KJ, Cupples LA, Ellison RC. 

Preschool physical activity level and change in body fatness in young 

children. The Framingham Children's Study. American Journal of 

Epidemiology. 1995;142(9):982-8. 

 

http://www.lydheilsustod.is/fraedsla/fraedsluefni/hreyfing/nr/2358


48 

 

87. Moreno LA, Mesana MI, Gonzalez-Gross M, et al. Anthropometric 

body fat composition reference values in Spanish adolescents. The 

AVENA Study. European Journal of Clinical Nutrition. 

2006;60(2):191-6. 

 

88. Moreno LA, Sarria A, Fleta J, Rodriguez G, Bueno M. Trends in 

body mass index and overweight prevalence among children and 

adolescents in the region of Aragon (Spain) from 1985 to 1995. 

International Journal of Obesity and Related Metabolic Disorders. 

2000;24(7):925-31. 

 

89. Must A. Morbidity and mortality associated with elevated body 

weight in children and adolescents. American Journal of Clinical 

Nutrition. 1996;63(3 Suppl):445S-447S. 

 

90. Must A, Strauss RS. Risks and consequences of childhood and 

adolescent obesity. International Journal of Obesity and Related 

Metabolic Disorders. 1999;23 Suppl 2(S2-11). 

 

91. Nilsson A, Anderssen SA, Andersen LB, et al. Between- and within-

day variability in physical activity and inactivity in 9- and 15-year-old 

European children. Scandinavian Journal of Medicine and Science in 

Sports. 2008. 

 

92. Nyberg G, Ekelund U, Macus C. Physical activity in children 

measured by accelerometry: stability over time. Scandinavian Journal 

of Medicine and Science in Sports. In press, online early publication. 

 

93. Ogden CL, Flegal KM, Carroll MD, Johnson CL. Prevalence and 

trends in overweight among US children and adolescents, 1999-2000. 

JAMA. 2002;288(14):1728-32. 

 

94. Ogden CL, Troiano RP, Briefel RR, Kuczmarski RJ, Flegal KM, 

Johnson CL. Prevalence of overweight among preschool children in 

the United States, 1971 through 1994. Pediatrics. 1997;99(4):E1. 

 

95. Owens S, Gutin B, Allison J, et al. Effect of physical training on total 

and visceral fat in obese children. Medicine and Science in Sports and 

Exercise. 1999;31(1):143-8. 

 

96. Page A, Cooper AR, Stamatakis E, et al. Physical activity patterns in 

nonobese and obese children assessed using minute-by-minute 



49 

 

accelerometry. International Journal of Obesity. 2005;29(9):1070-

1076. 

 

97. Pate RR, Dowda M, Ross JG. Associations between physical activity 

and physical fitness in American children. American Journal of 

Diseases of Children. 1990;144(10):1123-9. 

 

98. Pate RR, Freedson PS, Sallis JF, et al. Compliance with physical 

activity guidelines: prevalence in a population of children and youth. 

Annals of Epidemiology. 2002;12(5):303-8. 

 

99. Pate RR, Pfeiffer KA, Trost SG, Ziegler P, Dowda M. Physical 

activity among children attending preschools. Pediatrics. 

2004;114(5):1258-63. 

 

100. Pate RR, Pratt M, Blair SN, et al. Physical activity and public health. 

A recommendation from the Centers for Disease Control and 

Prevention and the American College of Sports Medicine. JAMA. 

1995;273(5):402-7. 

 

101. Patrick K, Norman GJ, Calfas KJ, et al. Diet, physical activity, and 

sedentary behaviors as risk factors for overweight in adolescence. 

Archives of Pediatrics and Adolescent Medicine. 2004;158(4):385-90. 

 

102. Pober DM, Staudenmayer J, Raphael C, Freedson PS. Development 

of novel techniques to classify physical activity mode using 

accelerometers. Medicine and Science in Sports and Exercise. 

2006;38(9):1626-34. 

 

103. Puyau MR, Adolph AL, Vohra FA, Zakeri I, Butte NF. Prediction of 

activity energy expenditure using accelerometers in children. 

Medicine and Science in Sports and Exercise. 2004;36(9):1625-31. 

 

104. Rennie KL, Livingstone MB, Wells JC, et al. Association of physical 

activity with body-composition indexes in children aged 6-8 y at 

varied risk of obesity. American Journal of Clinical Nutrition. 

2005;82(1):13-20. 

 

105. Riddoch CJ, Andersen LB, Wedderkopp N, et al. Physical activity 

levels and patterns of 9-and 15-yr-old European children. Medicine 

and Science in Sports and Exercise. 2004;36(1):86-92. 

 



50 

 

106. Riddoch CJ, Mattocks C, Deere K, et al. Objective measurement of 

levels and patterns of physical activity. Archives of Disease in 

Childhood. 2007;92(11):963-969. 

 

107. Robinson TN. Does television cause childhood obesity? JAMA. 

1998;279(12):959-60. 

 

108. Robinson TN. Reducing children's television viewing to prevent 

obesity: a randomized controlled trial. JAMA. 1999;282(16):1561-7. 

 

109. Robinson TN, Hammer LD, Killen JD, et al. Does television viewing 

increase obesity and reduce physical activity? Cross-sectional and 

longitudinal analyses among adolescent girls. Pediatrics. 

1993;91(2):273-80. 

 

110. Rowland TW, Martel L, Vanderburgh P, Manos T, Charkoudian N. 

The influence of short-term aerobic training on blood lipids in healthy 

10-12 year old children. International Journal of Sports Medicine. 

1996;17(7):487-92. 

 

111. Rowlands AV, Eston RG, Ingledew DK. Relationship between 

activity levels, aerobic fitness, and body fat in 8- to 10-yr-old 

children. Journal of Applied Physiology. 1999;86(4):1428-35. 

 

112. Rowlands AV, Pilgrim EL, Eston RG. Patterns of habitual activity 

across weekdays and weekend days in 9-11-year-old children. 

Preventive Medicine. 2008;46(4):317-24. 

 

113. Ruiz JR, Rizzo NS, Hurtig-Wennlof A, Ortega FB, Warnberg J, 

Sjostrom M. Relations of total physical activity and intensity to 

fitness and fatness in children: the European Youth Heart Study. 

American Journal of Clinical Nutrition. 2006;84(2):299-303. 

 

114. Salbe AD, Weyer C, Harper I, Lindsay RS, Ravussin E, Tataranni 

PA. Relation between physical activity and obesity. American Journal 

of Clinical Nutrition. 2003;78(1):193-4; author reply 194-5. 

 

115. Sallis JF. Epidemiology of physical activity and fitness in children 

and adolescents. Critical Reviews in Food Science and Nutrition. 

1993;33(4-5):403-8 

116. Sallis JF, McKenzie TL, Alcaraz JE, Kolody B, Hovell MF, Nader 

PR. Project SPARK. Effects of physical education on adiposity in 



51 

 

children. Annals of the New York Academy of Sciences. 

1993;699(127-36). 

 

117. Sallis JF, Saelens BE. Assessment of physical activity by self-report: 

status, limitations, and future directions. Research Quarterly for 

Exercise and Sport. 2000;71(2 Suppl):S1-14. 

 

118. Santos MP, Gomes H, Mota J. Physical activity and sedentary 

behaviors in adolescents. Annals of Behavioral Medicine. 

2005;30(1):21-4. 

 

119. Saris WH, Blair SN, van Baak MA, et al. How much physical activity 

is enough to prevent unhealthy weight gain? Outcome of the IASO 

1st Stock Conference and consensus statement. Obes Rev. 

2003;4(2):101-14. 

 

120. Schmitz KH, Harnack L, Fulton JE, et al. Reliability and validity of a 

brief questionnaire to assess television viewing and computer use by 

middle school children. Journal of School Health. 2004;74(9):370-7. 

 

121. Schutz Y, Weinsier RL, Hunter GR. Assessment of free-living 

physical activity in humans: an overview of currently available and 

proposed new measures. Obesity Research. 2001;9(6):368-79. 

 

122. Sirard JR, Riner WF, Jr., McIver KL, Pate RR. Physical activity and 

active commuting to elementary school. Medicine and Science in 

Sports and Exercise. 2005;37(12):2062-9. 

 

123. Strath SJ, Bassett DR, Jr., Swartz AM, Thompson DL. Simultaneous 

heart rate-motion sensor technique to estimate energy expenditure. 

Medicine and Science in Sports and Exercise. 2001;33(12):2118-23. 

 

124. Strong WB, Malina RM, Blimkie CJ, et al. Evidence based physical 

activity for school-age youth. Journal of Pediatrics. 2005;146(6):732-

7. 

 

125. Sveinsson T, Arngrimsson SA, Johannsson E. Predicting aerobic 

fitness from body composition and physical activity in 15 and 9 year-

olds. European Journal of Sport Science. In press. 

 

126. Swartz AM, Strath SJ, Bassett DR, Jr., O'Brien WL, King GA, 

Ainsworth BE. Estimation of energy expenditure using CSA 



52 

 

accelerometers at hip and wrist sites. Medicine and Science in Sports 

and Exercise. 2000;32(9 Suppl):S450-6. 

 

127. Taras HL, Gage M. Advertised foods on children's television. 

Archives of Pediatrics and Adolescent Medicine. 1995;149(6):649-52. 

 

128. Telama R, Yang X. Decline of physical activity from youth to young 

adulthood in Finland. Medicine and Science in Sports and Exercise. 

2000;32(9):1617-22. 

 

129. Telama R, Yang XL, Laakso L, Viikari J. Physical activity in 

childhood and adolescence as predictor of physical activity in young 

adulthood. American Journal of Preventive Medicine. 

1997;13(4):317-323. 

 

130. Tremblay MS, Willms JD. Is the Canadian childhood obesity 

epidemic related to physical inactivity? International Journal of 

Obesity and Related Metabolic Disorders. 2003;27(9):1100-5. 

 

131. Treuth MS, Butte NF, Adolph AL, Puyau MR. A longitudinal study 

of fitness and activity in girls predisposed to obesity. Medicine and 

Science in Sports and Exercise. 2004;36(2):198-204. 

 

132. Treuth MS, Butte NF, Puyau M, Adolph A. Relations of parental 

obesity status to physical activity and fitness of prepubertal girls. 

Pediatrics. 2000;106(4):E49. 

 

133. Treuth MS, Catellier DJ, Schmitz KH, et al. Weekend and weekday 

patterns of physical activity in overweight and normal-weight 

adolescent girls. Obesity (Silver Spring). 2007;15(7):1782-8. 

 

134. Treuth MS, Figueroa-Colon R, Hunter GR, Weinsier RL, Butte NF, 

Goran MI. Energy expenditure and physical fitness in overweight vs 

non-overweight prepubertal girls. International Journal of Obesity 

and Related Metabolic Disorders. 1998;22(5):440-7. 

 

135. Troiano RP, Flegal KM. Overweight children and adolescents: 

Description, epidemiology, and demographics. Pediatrics. 

1998;101(3):497-504. 

 

136. Trost SG, Kerr LM, Ward DS, Pate RR. Physical activity and 

determinants of physical activity in obese and non-obese children. 



53 

 

International Journal of Obesity and Related Metabolic Disorders. 

2001;25(6):822-9. 

 

137. Trost SG, Pate RR, Freedson PS, Sallis JF, Taylor WC. Using 

objective physical activity measures with youth: How many days of 

monitoring are needed? Medicine and Science in Sports and Exercise. 

2000;32(2):426-431. 

 

138. Trost SG, Pate RR, Sallis JF, et al. Age and gender differences in 

objectively measured physical activity in youth. Medicine and 

Science in Sports and Exercise. 2002;34(2):350-355. 

 

139. Trost SG, Ward DS, Moorehead SM, Watson PD, Riner W, Burke JR. 

Validity of the computer science and applications (CSA) activity 

monitor in children. Medicine and Science in Sports and Exercise. 

1998;30(4):629-33. 

 

140. Trost SG, Way R, Okely AD. Predictive validity of three ActiGraph 

energy expenditure equations for children. Medicine and Science in 

Sports and Exercise. 2006;38(2):380-7. 

 

141. Tucker LA. The relationship of television viewing to physical fitness 

and obesity. Adolescence. 1986;21(84):797-806. 

 

142. Tudor-Locke C, Ainsworth BE, Adair LS, Popkin BM. Objective 

physical activity of filipino youth stratified for commuting mode to 

school. Medicine and Science in Sports and Exercise. 

2003;35(3):465-71. 

 

143. Twisk JW, Kemper HC, van Mechelen W. Prediction of 

cardiovascular disease risk factors later in life by physical activity and 

physical fitness in youth: general comments and conclusions. 

International Journal of Sports Medicine. 2002;23 Suppl 1(S44-9). 

 

144. van Mechelen W, Twisk JWR, Post GB, Snel J, Kemper HCG. 

Physical activity of young people: the Amsterdam Longitudinal 

Growth and Health Study. Medicine and Science in Sports and 

Exercise. 2000;32(9):1610-1616. 

 

145. Vandewater EA, Bickham DS, Lee JH. Time well spent? Relating 

television use to children's free-time activities. Pediatrics. 

2006;117(2):e181-91. 



54 

 

 

146. Villard LC, Ryden L, Ohrvik J, Stahle A. Impact of time trends and 

increasing age on health behaviour of Swedish school children. Eur J 

Cardiovasc Prev Rehabil. 2007;14(2):326-32. 

 

147. Wagner A, Simon C, Ducimetiere P, et al. Leisure-time physical 

activity and regular walking or cycling to work are associated with 

adiposity and 5 y weight gain in middle-aged men: the PRIME Study. 

International Journal of Obesity and Related Metabolic Disorders. 

2001;25(7):940-8. 

 

148. Weinsier RL, Hunter GR, Heini AF, Goran MI, Sell SM. The etiology 

of obesity: relative contribution of metabolic factors, diet, and 

physical activity. American Journal of Medicine. 1998;105(2):145-50. 

 

149. Welk GJ, Corbin CB, Dale D. Measurement issues in the assessment 

of physical activity in children. Research Quarterly for Exercise and 

Sport. 2000;71(2 Suppl):S59-73. 

 

150. Welk GJ, Schaben JA, Morrow JR, Jr. Reliability of accelerometry-

based activity monitors: a generalizability study. Medicine and 

Science in Sports and Exercise. 2004;36(9):1637-45. 

 

151. Westerstahl M, Barnekow-Bergkvist M, Jansson E. Low physical 

activity among adolescents in practical education. Scandinavian 

Journal of Medicine and Science in Sports. 2005;15(5):287-297. 

 

152. Westerterp KR. Physical activity assessment with accelerometers. 

International Journal of Obesity and Related Metabolic Disorders. 

1999;23 Suppl 3(S45-9). 

 

153. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting 

obesity in young adulthood from childhood and parental obesity. New 

England Journal of Medicine. 1997;337(13):869-73. 

 

154. Wilkin TJ, Mallam KM, Metcalf BS, Jeffery AN, Voss LD. Variation 

in physical activity lies with the child, not his environment: evidence 

for an 'activitystat' in young children (EarlyBird 16). Int J Obes 

(Lond). 2006;30(7):1050-5. 

 



55 

 

155. Wong ND, Hei TK, Qaqundah PY, Davidson DM, Bassin SL, Gold 

KV. Television viewing and pediatric hypercholesterolemia. 

Pediatrics. 1992;90(1 Pt 1):75-9. 

 

 

 


